
UNIVERSITEIT VAN WES-KAAPLAND

UNIVERSITY OF THE WESTERN CAPE

élt_; JJ~J
Hierdie boek moet terugbesorg word voor of op

die laaste datum hieronder aangegee.

This book must be returned on or before the
last date shown below.

\

*30001546336530*

11111111111111111

https://etd.uwc.ac.za/



by

SCIENCE TEXT: FACILITATING ACCESS
TO PHYSIOLOGY THROUGH COGNITION-

BASED READING INTERVENTION

IONA WESSO

https://etd.uwc.ac.za/



· ,

SCIENCE TEXT: FACILITATING ACCESS TO PHYSIOLOGY
THROUGH COGNITION-BASED READING INTERVENTION

IONA WESSO

Thesis submitted in partial fulfilment of the requirements for the degree of Doctor

Philosophiae (Physiology) awarded by the Goldfields Science and Mathematics

Resource Center, University of the Western Cape, Bellville.

Promotor: PrOL A. 1. L. Sinclair, University of the Western Cape, Bellville.

Date submitted: November 1995.

https://etd.uwc.ac.za/



UNIVERSITEIT VAN WES· KAAPlAND
B1BUOTEeK _

370 ·/5h w-e-s
UBRARY

UNIVERsnv OF THE WESTERN CAPE

https://etd.uwc.ac.za/



I declare that SCIENCE TEXT: FACllITATING ACCESS TO PHYSIOLOGY

THROUGH COGNITION-BASED READING INTERVENTION is my own work

and that all the sources I have quoted have been indicated and acknowledged by means of

complete references.

~~
•••••••••••••••••••• o ••••••••••••••••• ~

IONA WESSO

November 1995.

https://etd.uwc.ac.za/



Dedicated to my mother

CLIMB ON

Looking up the stairs of Life
The prospects seem but dreary
Visioning all the trials and strife
Makes many a heart grow weary

Climb the long and dreary ways
Brave the rugged trials
Courage leads you on
To clearer, brighter days

There's no end to climbing
On Life's steep stairway
There's no happy landing
But climb all day

The prize is at the top not
But in the climb is found
By those who watch you from the ground
Your climb will never be forgot

(From Ashes of Meditation: A Book of Verse by my father Suleiman Ismail
1936. London: M.F. Robinson & Co.).
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ABSTRACT

Reading and understanding science text is the principal means by which students at tertiary

level access scientific information and attain scientific literacy. However, understanding and

learning from science texts require cognitive processing abilities which students mayor may

not have. If students fail to understand scientific text, their acquisition of subject knowledge

and expertise will be impeded and they will fail to develop into thinking and independent

learners, so crucial for academic progress and achievement. A major assumption in this study

is thus that in order to increase access to science subjects there is a need to explicitly teach the

thinking abilities involved in learning science from text.

A review of the literature showed that while reading to learn from scientific text poses

special challenges to students faced with this unfamiliar genre, little is known about reading

(and thinking) for science learning. A synthesis of current research which describes the

neglected interface between science learning, science reading and cognition is given in the

literature review of this study. This synthesis highlights, in particular, the parallel developments

in research into science learning and reading; the lack of integration of research in these areas;

the absence of investigations on science reading located within the cognitive domain; and the

absence of research into reading as it affects cognition and cognition as it affects reading in

subject-specific areas such as physiology.

Possibilities for improving students' cognitive performance in reading to learn through

intervention were considered from a cognitive perspective. From this perspective, students'

observable intellectual performance can be attributed to their underlying knowledge,

behaviour, and thought processes. Accordingly, the mental processes involved in

comprehending scientific concepts from text and the cognitive processes which the students

bring to the learning situation become highly relevant to efforts to improve cognitive skills for

learning science.

x
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Key questions which were identified to serve as a basis for intervention included: a)

What cognitive abilities are needed for competent reading comprehension as demanded by

physiology text?; b) How adequate is the cognitive repertoire of students in dealing with

physiology text? With regard to these questions a catalogue of cognitive functions as

formulated by Feuerstein et al (1980) was identified as optimally suited for establishing the

cognitive match between reading tasks and students.

Micro-analyses of the cognitive demands of students' textbook material and the

cognitive make-up of second-year university students revealed a profound mismatch between

students and their learning material. Students lacked both comprehension fostering and

comprehension monitoring abilities appropriate to the demands of the learning task. The

explication of the cognitive requirements which physiology text demands served as a basis for

systematically designing instruction whereby appropriate intellectual performance for scientific

comprehension from text may be attained.

Subsequent intervention was based on the explicit teaching of thinking abilities within

the context of domain-specific (physiology) knowledge. An instructional framework was

developed that integrated cognitive learning theories and instructional prescriptions to achieve

an effective learning environment and improve students' cognitive abilities to employ and

extend their knowledge. The objective was that the instructional model and resultant

instructional methods would ensure that students learn not only the desired kinds of knowledge

by conceptual change, but also the thought processes embedded and required by reading

scientific material for appropriate conceptual change to take place.

Micro-analysis of the cognitive processes intrinsic to understanding physiology text

illuminated cognitive demands such as, for example, the ability to: transform linearly presented

material into structural patterns which illuminate physiological relationships; analyse

conceptually dense text rich in "paradoxical jargon"; activate and retrieve extensive amounts of

topic-specific and subject-specific prior knowledge; to visualise events; and contextualise

Xl
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concepts by establishing an application for it. Within the above instructional setting, the study

shows that the notion of explicitly teaching the cognitive processes intrinsic to physiology text

is possible.

By translating the cognitive processes into cognitive strategies such as assessing the

situation, planning, processing, organisation, elaboration, monitoring and reflective responses,

the heuristic approach effectively served to guide students through various phases oflearning

from text. Systematic and deliberate methods of thought that would enhance students

problem-solving and thinking abilities were taught. One very successful strategy for learning

from physiology text was the ability to reorganise the linearly presented information into a

different text structure by means of the construction of graphic organisers. The latter allowed

students to read systematically, establish relationships between concepts, identify important

ideas, summarise passages, readily retrieve information from memory, go beyond the given

textual information and very effectively monitor and evaluate their understanding.

In addition to teaching appropriate cognitive strategies as demanded by physiology ./

text, this programme also facilitated an awareness of expository text conventions, the nature of

physiological understanding, the value of active strategic involvement in constructing

knowledge and the value of metacognitive awareness.

Also, since the intervention was executed within the context of physiology content, the

acquisition of content-specific information took place quite readily. This overcame the

problem of transfer, so often experienced with "content-free" programmes.

In conclusion, this study makes specific recommendations to improve science

education. Inparticular, the notion of teaching the appropriate cognitive behaviour and

thought processes as demanded by academic tasks such as reading to learn physiology seems

to be a particularly fruitful area into which science educational research should develop and be

encouraged.

Xl1
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CHAPTER 1

THE NEED AND CHALLENGE TO IMPROVE ACCESS TO SCIENCE

EDUCATlON

1.1 INTRODUCTION

A substantial number of students who enter science courses at tertiary level in South Africa

come from under-resoureed socio-economic and educational backgrounds. A major

implication is that many of these students cannot cope with the academic demands of tertiary

education - science subjects, in particular, are often inaccessible.

The magnitude of the educational problem arising from the lack of educational

opportunity in South Africa is reflected in the disappointing statistics for biology and science

matriculants (see Tables 1 and 2 in Appendix A). The problem is further illuminated by

research findings of the Foundation of Research Development. Of every 10,000 African pupils

who enter primary school each year, only 113 pass the matric examination, of whom only 27

receive a "matric exemption", and of these only one obtains an exemption in maths and science

(IDRC report, 1993:48). It has been estimated (Figaji, 1995) that only about 80 (i.e. 1%) out

of approximately 80 000 African pupils who enter Grade 1 each year, exit at matric level with

the necessary qualifications to pursue careers at university in maths, science or engineering.

A major problem that students, and in particular those from under-resoureed

backgrounds, face when they enter tertiary education, is science text. The latter is the principal

means through which scientific information is accessed at tertiary level and students must be

able to cope with it. To understand science text, specifically the textbooks, demands

1
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1.1.1 The need for scientificliteracy

Science education is generally seen to have three major goals:

1. "Linguistic competence" within a particular research paradigm.

2. Acquisition of patterns of behaviour suitable to the paradigm.

3. The development of critical thinking skills (Hodson, 1988; Wagner, 1983).

Several purposes are served by these goals. The first is to prepare an elite for further specialist

study to keep a technological civilization operating and to advance scientific knowledge. The

second is to educate an informed populace that understands the function of science and has a

balanced cultural development. The tremendous strides that have been made in knowledge

generation in science and technology are evidence of the accomplishment of the first of these

purposes. However, the purpose of producing a general populace that is scientifically

informed has been less successful and is currently an international concern among educators.

In South Africa, specifically, past political and social injustices are currently addressed

with great urgency and the development of a just and equitable society is a major goal of the

Government of National Unity. In this regard it has been argued (Kahn & Rollnick, 1993) that

such goals could be achieved through technological development which depends inter alia on

developing the citizens into a scientifically literate community.

Scientific literacy, according to the AmericanAssociation for the Advancement of

Science report, Science for all Americans (1994), has many facets. These include

reasoning, problem-solving and thinking skills (which students mayor may not have). If

students fail to understand science text, their acquisition of subject knowledge and expertise

will be impeded and they willmost certainly fail to develop into thinking and independent

learners, so crucial for academic progress and the achievement of scientific literacy.

2
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being familiar with the natural world and respecting its unity; being aware of some of
the important ways in which mathematics, technology and the sciences depend on one
another; understanding some of the key concepts and principles of science; having a
capacity for scientific ways of thinking; knowledge that science, mathematics and
technology are human enterprises, and knowing what that implies about their
strengths and limitations; and being able to use scientific knowledge and ways of
thinkingfor personal and social purposes (pp. xvii-xviii).

An important purpose of science education is thus to prepare students for the world

that is becoming increasingly technical. If students are to prosper in the 21 st century, they

must understand the basic facts, principles and procedures of science (Glynn et al., 1991). In

other words, all students must become scientifically literate, and science teachers should take

the responsibility to prepare students coming from all educational backgrounds.

1.1.2 The failure of prevailing approaches in science education

The science educational literature abounds with evidence of the difficulties science poses to

tertiary students. Research reports indicate that undergraduate science majors have dropped

significantly over the past 20 years in the USA - 11,5 to 5,8% (Seymour, 1992); high drop-out

rates prevail in tertiary science students (Lipson & Tobias, 1991); women's enrolment in

science courses has declined (Tobias, 1992); and retention of science majors by minority

groups is low despite increased enrolment (Seymour, 1992).

Especially disconcerting is the evidence that the majority of students who drop science

at tertiary level or choose not to enrol in it, do so not because they are not able enough or

motivated enough to succeed at it. These students are lost, according to Lipson and Tobias

( 1991), not because they fail their science education, but because science education fails them

There is also a great body of evidence to show that science education further fails

especially those who do enrol and complete their science courses. An unambiguous message

comes across from research studies:

3
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teaching effectiveness is dubious even for those students who apparently succeed in
their science courses and get good grades in them. Indeed, recent investigations
reveal that many students emerge from such courses with nominal scientific knowledge
which they cannot interpret properly or use flexibly; they often exhibit gross
misconceptions or revert to pre-scientific notions; and they frequently lack even
rudimentary problem-solving abilities (p.92).

many students are highly adept at very complex skills in science, humanities and
mathematics; they also reproduce large amounts offactual information on demand;
they have appropriated enormous quantities of detailed knowledge; they pass
examinations successfully. But they are unable to show that they understand what they
have learned (Ramsden, 1988: 14).

Reif (1990) underscores the failure of science education:

According to Reif(1990), students not only harbour misconceptions about scientific and social

phenomena, but they have hazy notions of the accepted forms of expression in the subjects

they have studied. Although they have shown themselves perfectly able, within the confines of

certain classroom exercises and tests, to perform adequately or better, they have not acquired

an understanding of physical principles, of ways of thinking mathematically, or scientifically

(Perkins & Salomon, 1989). When faced with apparently simple questions that go to the heart

of their knowledge, they are lost. Most disconcertingly, many students have successfully

negotiated graduate-level courses, and some are now even teaching others.

Both textbooks and associated methods of instruction are not only ineffective in

facilitating access to science, but often impede progress toward scientific literacy. They

emphasize the learning of answers more than the exploration of questions, memory at
the expense of critical thought, bits and pieces of information instead of
understandings in context, recitation over argument, reading in lieu of doing. They
fail to encourage students to work together, to share ideas and information freely with
each other, or to use modern instruments to extend their intellectual capabilities
(American Association for the Advancement of Science, 1994:xvi).

4

Glynn et al. (1991) also point to the failure of textbooks and instructional methods to take into

account recent discoveries in the psychology of how students learn science:

Discoveries about the constructive nature of students' learning processes, about
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If learning in an educational setting means anything, it means a movement towards
being able to solve unfamiliar problems, toward recognizing the power and elegance
of concepts in a subject area, and towards being able to solve unfamiliar problems,
towards being able to apply what one has learned in classes to problems outside class.
It means the realization that academic learning is useful for interpreting the world we
live in. It means having changed one's understanding (p.15).

students' mental models, and students' misconceptions have important implications for
teachers who wish to model scientific reasoning in an effective fashion to their
students. Eventually these discoveries will have a significant impact on textbooks,
methods of instruction, curriculum courses for future science teachers, and in-service
workshops for current science teachers (p.4).

What needs improving? According to Ramsden (1988) learners such as the above haven't

learned at all:

Currently there is the opinion among science education researchers that prevailing

approaches to instruction are excessively simplistic in their primary emphasis on scientific

subject matter. The great preponderance of efforts to reform science education has

concentrated on course materials and teaching enhancements - what have been called "delivery

systems" and "materials development" (Chipman & Segal, 1985; Tobias, 1992). This emphasis

misses the mark, since recent experiments indicate that course materials and teaching

enhancements are minor factors among those which make tertiary science difficult to learn (cf

Tobias, 1990). Such approaches in particular neglects the central role of human beings in

doing and learning science, and the importance of conceptual change in learning science.

Students need to learn the thought processes that scientific activities require (ReU: 1987,

1990), and this demands that effective instruction transcends a mere preoccupation with

scientific subject matter.

5
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1991; Lochhead & Clement, 1979); science educators must help students develop the thinking

1.1.3 The call for thinking skills training

The concern for the failure of science education to meet its goals has been especially acute

with regard to deficient thinking abilities of students. Students' thinking skills must improve

(Baron & Sternberg, 1987; Nickerson, 1994; Nickerson et aI., 1985; Resnick, 1987); students

should be taught how to think and not what to think (Baron & Sternberg, 1987; Glynn et aI.,

skills of scientists (Padilla, 1991; Roth & Roychoudhury, 1993); and students' knowledge must

be connected to the contexts of application and justification that make it meaningful (Herber,

1985; Perkins, 1986).

In the area of reading, there is a particularly large discrepancy between the rote

memory skills of students and their thinking skills which are poorly developed. According to

Sternberg (1987):

although today's students do well in reading for literal meaning, their performance
drops substantially when they are asked to evaluate, integrate, and infer meaning from
what they read Furthermore, they have difficulty solving problems and formulating
and supporting arguments (p.x).

Currently there is a growing body of evidence that supports the premise that not only

should the constructs of thinking and problem-solving be taught, but that they can be taught

(cf Baron & Sternberg, 1987; Nickerson, 1994; Perkins, 1987; Sternberg, 1994).

1.2 THOUGHTFUL LEARNING FROM SCIENCE TEXT

1.2.1 Learning science

With the recent shift in instructional philosophy toward a more cognitive orientation there has

been a shift in the focus of research' on instruction, from a concern with procedures for

manipulating instructional treatments to a concern with procedures for directing students'

6
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processing and interaction the instructional materials (Bruning, 1983; Chipman & Segal, 1985).

This has come about perhaps mainly from the realisation that students who take science are

faced not only with an unfamiliar subject area, but also with a need to acquire science learning

skills, which are different from skills needed to learn other academic areas (Ryan, 1989).

There is thus currently an emphasis in science education research on describing the knowledge

and reasoning processes of the science learner.

In science education, attempts to describe the science learner and how learners respond

to new information and to problems have been examined mainly from four perspectives (cf

Eylon & Linn, 1988). These four perspectives paint diverse pictures of the learner:

a) The concept-learning perspective describes a student guided by domain-specific ideas and

conceptions;

b) The developmental perspective emphasizes the information-processing and intellectual

constraints on the learner;

c) The differential perspective posits a learner who is governed by general and specific

abilities; and

d) l]te problem-solving perspec/ive depicts a learner using domain-specific and more general

procedural skills and cognitive monitoring processes.

Each of the above perspectives suggests different approaches for identifying

mechanisms governing how individuals change their knowledge and thinking processes.

Although these perspectives have applications for instructional design to achieve conceptual

change, there is little consensus about which characteristics facilitate science instruction (Eylon

& Linn, 1988). What is apparent now more than ever before is the complexity of science

learning and the myriad of factors that contribute to scientific proficiency. What is needed is a

comprehensive framework which describes precisely what constitutes scientific skills and

7
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1.2.2 Understanding and learning from expository text

processes, and how these can be acquired (Wellington, 1989).

Learning from science text poses special challenges to the student faced with this unfamiliar

genre. The process of skilled reading as it emerges from current psychological and artificial

intelligence accounts, is one which is text-based and interactive as opposed to sequential.

Moreover, reading resides as much in the person reading as in the text to be read (Hall, 1989).

Research on reading has focused on the basic delineation of the comprehension process

and differences between skilled and non-skilled readers (Hall, 1989). Four major assumptions

underlie it:

a) Skilled reading is a complex task depending on perc tual, cognitive and linguistic

processes.

b) Reading is an interactive process. The skilled reader derives information from many levels,

integrating graphonemic, graphemic, morphemic, semantic, syntactic, pragmatic, schematic and

interpretive information simultaneously.

c) The human-information-processing system is a powerful constraint acting to limit the

individual's capacity for processing textual information. This suggests that for skilled reading

lower level processes such as decoding function automatically, thereby allowing the reader to

attend to higher-order comprehension processes.

d) Reading is strategic. Skilled readers are purposive and continuously monitor their own

comprehension. They are alert to comprehension failure but also enlist strategies to improve

understanding. These two kinds of activities were identified as "knowledge about

comprehending" and "knowing how to comprehend" (Cioffi, 1986). Brown et al. (1983) assert

that students must exert conscious executive control over their thought processes during

8
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sophisticated learning activities. There is, in this regard, consensus that effective readers

evaluate the success of their ongoing effort to comprehend and, if a difficulty arises, they select

and implement a plan for dealing with it (Baker, 1985).

Expert readers somehow discover reasoning processes associated with strategic

reading (Carr et al., 1989) but novice readers need explicit instruction on how to be strategic

when reading. It is thus not surprising that various methods for teaching readers how to think

and read like expert readers are gaining popularity (Herrman, 1988). However, although many

general reading skills and strategies have been described in the literature, it is not clear what

specific cognitive skills are needed in the different science subject areas, whether different

reading tasks (e.g. laboratory instructions, graphs, prescribed text, etc.) demand different skills,

nor is it known which, if any, of these skills are in the cognitive repertoire of students.

1.2.3 Thinking, reading and domain-specificity

It has been a topic of debate for some time whether reading and thinking skills should be

taught in a content-free way or as an integral part of traditional content sources (cf

Dansereau, 1985; Herber, 1985, Sternberg, 1987). Most of the content-free programmes

emphasize general heuristics and rules for reasoning and problem-solving that might be

acquired as transferable habits of thinking. Much of this type of teaching is still based on the

assumption of general skills that "are arbitrary in that they do not necessarily bear any logical

relationship to the content of the material to be learned" (Cunningham, 1984). This approach

typically avoids the complexity of subject matter information.

The accumulating evidence that skilled thinking is domain-specific can, however, not be

ignored (Nickerson, 1994). Various studies of performance in specific domains have shown

that expertise depends on a collection of schemata in a domain (Roth, 1994). Schon (1983)

9
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asserts that content and skills are so intricately interrelated that means and ends become

interdependent; knowing becomes inseparable from doing. According to Greeno (1988),

our ability to control and to orchestrate cognitive skills is not an abstract and context-
free competence that may be easily transferred across widely diverse problem-
domains, but rather consists of cognitive activity tied specifically to context (p.3).

The context includes the problem's physical and conceptual structure as well as the purpose of

the activity and the social milieu in which it is embedded. Thus objects, events, meanings of

terms, and a person's cognitive activity are a function of the situation (Greeno & Simon,

1984). As a consequence, effective practical problem-solving and skilled activities such as

reading may proceed through the use of contextual cues that interface with tacit knowledge

rather than through the systematic application of explicit steps in problem-solving (Roth &

Roychoudhury, 1993). It follows that learning methods embedded in context are not merely

useful - they are essential.

At present, researchers are advocating that reading and thinking skills should be taught

in the context in which they are required, namely the various academic content areas taught at

universities (Glaser, 1984; Herber, 1985). Glaser (1984) thus argues for a fusion of

approaches in which specific knowledge domains are taught in "interactive, interrogative ways

so that general self-regulatory skills are exercised in the course of acquiring domain related

knowledge" (p.25). This approach thus avoids the dichotomy between teaching content and

the teaching of thinking skills.

Ifone thus wishes to improve students' cognitive abilities and access to the sciences, an

important route seems to be one which would accommodate the problems associated with

reading subject-specific prose. Whimbey (1985) provides support for such an approach:

although intelligence manifests itself in many forms, there is one expression of it that
is especially important in scholastic pursuits: the ability to read comprehendingly.
The teaching of overall academic ability could be effectively organized around

10
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training in reading comprehension (In Nickerson et al, 1985:39).

1.3 THE CHALLENGE AS ADDRESSED IN THIS STUDY

This study addresses the problem of increasing access to science and cognition of science

students by following suggestions that effective instructional design should focus central

attention on the student interacting with the subject matter. Consequently it becomes

necessary to understand the student, the subject matter, and the interaction between them

From this point of view science instruction can be regarded as a transformation process

whereby students are transformed from an initial state to a final state, where they can do things

that they could not do initially.

Reif(1990) proposes that educational transformation within the cognitive approach

should address the following four basic problems :

a) The student's behaviour, underlying knowledge and thought processes in the initial

state.

b) The desired behaviour, underlying knowledge and thought processes in the

transformed state.

c) The instructional process whereby the transformation is to be accomplished.

d) The implementation methods whereby this instructional process can be achieved in

actual practice.

This approach serves as a broad framework for this investigation. However, in this

study, the focus is on analysing students' behaviour, underlying knowledge and thought

processes in terms of the cognitive functions involved in performing reading tasks.

11
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1.3.1 The notion of establishing students' cognitive needs in terms of task demands

The recent increased interest in analysing students' performance and abilities in terms of the

cognitive processes involved in performing a task has led to an approach which emphasizes the

cognitive operations within the content that is to be acquired. The approach centers on the

acquisition of content by the learner by virtue of the thinking skills intrinsic to the content itself

(MehL 1989).

This principle was employed by Shayer and Adey (1993) in the design of the CASE

(Cognitive Acceleration through Science Education) programme. Their programme intended

to promote formal operational thinking in pupils to meet the cognitive processing demands of

the science curriculum. Evaluation of their programme showed increased achievement in

science and mathematics as a result of general cognitive development rather than as the result

of domain-specific processing skills in science.

Although not much work has been done in this area, significant improvements have

been observed in the results of educationally-disadvantaged students who received instruction

based on an analysis of content for cognitive demand (Mehl, 1989; Wesso, 1992). In the area

of reading and learning from science text, however, little attention has been given to

investigating the demands for comprehending science text. In fact, in spite of a profound body

of evidence that the construction of meaning from science text within particular domains may

pose specific (subject-related) demands, science educational research has until very recently

excluded science text as an active area of investigation.

12
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science from text?

1.3.2 The scope of this investigation

The study intends to address the following questions:

a) What are the major theoretical and metatheoretical underpinnings of learning

This question is profoundly important in light of the manner in which the interaction between

the science student and science text has been overlooked and neglected by science educational

researchers - despite evidence which points to the importance of explicit instruction ID reading

to learn science, and the effect of the increased cognitive load, caused by an unfamiliar text

genre, on the comprehension and cognitive performance of readers.

The study will explore specifically:

i) The current paradigms guiding science education and how they inform us on the acquisition

of scientific skills and higher-order thinking; and

ii) How compatible these paradigms are with current views on learning from expository text.

b) What is the cognitive make-up of tertiary science students regarding the

processing of and learningfrom science text?

A basic tenet in this research is that meaning does not exist in the reader's head or on the

printed page but in the interaction between the reader and the text. As such this study is

interested in examining the reader-text interaction, as it occurs in-process.

Although traditional diagnostic methods like standardised tests and informal group

inventories are available and provide useful information about general areas of students'

strengths and weaknesses, they are product-oriented instruments which fail to provide insights

about the thinking processes students use as they attempt to comprehend texts (Randall et al.,

1986).

One method frequently used to gain information about the course of cognitive

13
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After a long-standing pervasive scepticism as to the validity of introspection as a method of

processes is to probe the subject's internal states by verbal methods (Ericsson & Simon, 1993).

scientific observation, Ericsson and Simon (1980) argued persuasively in a major paper that

such data, appropriately collected, can be an important source of information about cognitive

processes.

According to Randall et al. (1986) the protocol technique has powerful diagnostic

potential:

Researchers who have used the protocol method to study reading have been able to
make valuable inferences because they have found that as readers report the meaning
they are getting from the text, they do not necessarily give veridical representations or
paraphrases of the text; instead, they typically interact with the text, making additions,
substitutions, omissions, restructuring, generalisations, inferences, or even distortions
of it (p.243).

Think-aloud protocols taken while students were reading and processing written

material provided the required information on students' knowledge and cognitive processes.

These protocols were subjected to analyses for cognitive functions according to a suitable

taxonomy (see below).

c) What specific demands does science text make on the cognitive processing

abilities of students in order to understand scientific concepts, principles and

procedures?

Although little has been done in this regard, it has been suggested (Sinclair, 1989) that the

cognitive abilities required for executing tasks successfully can be described by a process of

deconstruction. The latter involves the taking apart of overt knowledge structures and eliciting

the embedded cognitive skills.

Details of a methodology to disembed the cognitive operations from the content (as
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enabling the researcher to match the criteria used for analysing students' performance. The aim

was to analyse science text (specifically the prescribed textbook) in terms of the particular

reading, thinking and problem-solving processes needed to understand the text. Inthis respect,

the taxonomy of cognitive operations had to be compatible with the reading task involved.

d) How do the text material and the student match one another.in terms of the

reading-specific cognitive skills, and at which areas must intervention thus be

aimed?

The data obtained in (b) and (c) will allow the identification of the specific cognitive skills

which students need and perhaps may not have to understand science text. Inthis regard it will

be important to find or develop a taxonomy of cognitive parameters to facilitate an appropriate

comparison between task and students' abilities.

(e) What comprises a suitable taxonomy or inventory of cognitive skills for

evaluating and comparing cognitive processes in both text and subjects?

The basic approach of intervention for this study was that there is a cognitive mismatch

between students and learning tasks. In order to establish the degree and nature of the

mismatch and to remediate it through intervention, an appropriate taxonomy which describes

the prerequisite thinking processes for scientific understanding, was required. Such a

taxonomy had to capture the description of cognitive operations in a practical and feasible

manner, in order to allow a comprehensive as well as practical and theoretically sound

comparison to be made.

Although several classifications and lists of thinking processes are available in'the

literature, the inventory of cognitive functions as described by Feuerstein et al. (1980, 1986)

was considered most promising. Feuerstein et al. (1980, 1986) have presented an analysis of

the processes and structures constituting the "mental acts", and also described the deficiencies
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cognitive match between students and science text?

responsible for impeding these acts. Their inventory of cognitive functions served as taxonomy

to identify specific behaviours, abilities and thought processes - specifically those demanded for

understanding science text - which students might or might not have. Once the deficiencies

were identified, they could serve as the focus for interventionist modification.

(f) How should intervention be designed to optimally affect an appropriate

Several approaches to the instruction in complex skills, cognitive processes, and operations are

currently employed. These were evaluated and adapted to meet the criteria of the study, one

of the more important criteria being that the proposed interventions had to be executed in the

subject area of physiology. This would allow for the simultaneous acquisition of subject

knowledge and of thinking skills.

Recently an increasing body of evidence has accumulated on the effectiveness of

mediational learning (cf. Alvermann, 1989). In this area the work of Feuerstein (Feuerstein et

al., 1980, 1986; Feuerstein & Feuerstein, 1994) has been widely acknowledged. Mediated

learning provides both a theoretical rationale and the basis for a course of direct action at the

level of intervention. Central to Feuerstein's approach is the concept of modifiability - that is

that an individual's cognitive structure is amenable to modification. According to Feuerstein et"
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al. (1979),

What is at stake is not merely the transmission of specific skills or abilities but the
development of the prerequisite cognitive schema to enable individuals to derive
maximum benefit from direct exposure to external sources of stimulation. The
contention is that mediated learning experience is the foundation upon which
operational structures are built and that, even as late as adolescence, major
significant cognitive modifications are possible (p.540).

These authors reason that by interposing a programme designed to produce in the organism a

structure by which the organisation and elaboration of the transmitted information will become

https://etd.uwc.ac.za/



possible at increasingly more complex, more abstract, and more efficient levels of functioning,

the student may become modified and improved.

The intervention programme proposed in this study, draws not only from the work of

Feuerstein et al. (1980, 1986), but also on, for instance, the "cognitive apprenticeship" model

of Collins et al. (1989) and its modification by Anderson and Roth (1989). The core of the

latter authors' approach consists of modelling and coaching which gradually diminish so that

thinking processes become covert.

1.4 ENVISAGED CONTRIBUTION(S) TO THE SCIENCE EDUCATION

ENTERPRISE

This study may be considered to make the following contributions to the science education

enterprise:

a) The process of reading is at the heart oflearning science, and the explication of the

interface between science learning, science reading and thinking given here, based on the latest

psychological research on how students learn science, may yield important information

necessary to improve science education. As such it cou1d have a significant impact on methods

of science instruction and on textbooks.

b) It may contribute to an explication and understanding of those cognitive skills that

constitute scientific expertise and how students need to learn scientific concepts from text.

Such information cou1d be invaluable to science educators who are striving to improve the

match between students and their learning tasks - be it by adjusting the task or by improving

the abilities of their students.

17
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c) At a concrete level, it is hoped that the outcome of the study may yield interventions which

will contribute the following to the learning and teaching of science and physiology in

particular:

(i) Demonstrate that reading, thinking and problem-solving skills can be taught explicitly

and should not be left to the incidental acquisition thereof as is commonly expected.

(ii) Demonstrate that by teaching cognitive skills associated with and intrinsic to the

subject-area, subject-area knowledge can be acquired simultaneously. It may also solve

the problem of transfer which other domain-independent programmes face.

(iii) Demonstrate that students can become more aware of their own thinking processes,

how to apply these and acquire a greater sense of control over their knowledge

acquisition. This may relieve the "science anxiety" which many students suffer of and

increase confidence and independence in learners.

d) This study may provide proof that appropriate interventions, centred on the thinking

processes oflearning science and scientific thinking, and based on theoretically sound

principles, are not only extremely necessary, but also feasible, and highly recommended as a

means to empower students and make science subjects, such as physiology, more accessible.

18
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CHAPTER 2

A LITERATURE REVIEW OF RESEARCH ON TEXT-BASED SCIENCE

LEARNING AND IMPLICATIONS FOR IMPROVING READING AND

THINKING IN SCIENCE

2.1 INTRODUCTION

Science education is generally viewed as having three major objectives. First, students should

acquire linguistic competence appropriate for studying science within a particular research

paradigm. Second, students should learn and adopt behaviour patterns for research in that

same paradigm. Third, students should develop critical thinking skills (Hodson, 1988; Wagner,

1983). Realisation of these objectives should ultimately produce scientific literacy which

according to Holliday et al. (1994) "... involves the location and comprehension of scientific

information, the adoption of a contemporary view of science, the development of informed

conceptions, opinions and beliefs, and the ability to communicate these ideas and persuade

others of their veracity" (p.878). This implies that the teaching of scientific understanding,

thinking and reading (and writing) should be an integral part of any programme of science

instruction.

During the 1960's successes in areas such as verbal learning, flexibility of natural

language, social necessity of verbal discourse etc. stimulated much of the science education

and cognitive revolution. This resulted in a move away from print-based science learning, with

considerable disadvantagement oflearners in the information age (cf Simonssen & Singer,

1992). The importance of reading comprehension, in particular, was later again underscored
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by researchers such as Stauffer (1969) who stated that "... the development of programs that

will serve adequately the needs of contemporary life presupposes a clear understanding of the

nature of reading and of the fundamental processes involved" (P,5).

Scientific communications, such as textbooks, are important media through which

scientific knowledge is gained and understanding is attained (cf. Blystone, 1987; Singer &

Donlan, 1989; Wood, 1988). Students in science need to cope effectively with text for several

important reasons:

a) By reading science text students are exposed to the paradigms, philosophy and culture of

science (Blystone, 1987). This is because science text is considered to

reflect scientific reasoning, associations of evidence, inference and interpretative
frameworks, and effective patterns of argument ... the rules of scientific language are
the natural outcomes of the rich experience and language of these settings that reflect
science as people-made constructs, cyclic, dynamic, temporary, and tentative
(Hollidayet al, 1994:878).

b) Within the science curriculum the science textbook frequently dominates what is learned

and what is taught (Spiegel & Barufaldi, 1994). Current estimates are that 75 to 90% of

classroom instruction is structured around textbooks (Lloyd, 1990; Wood, 1988).

c) The demands for independency in learning, especially at tertiary level, are rapidly increasing

and is an expected outcome of education (Sinclair, 1989). Independent learning abilities are

essential for students to adjust, adapt, accommodate and cope with the vast volume of new

subject-specific information (Singer & Donlan, 1989). The latter is presented mainly as text

and demands skilled reading and comprehension.

d) It is also through learning from text that some of the highest goals in science education can

be achieved: to think critically, reason logically, and ultimately solve problems (Lavoie, 1993;

Ogens, 1991; Resnick, 1987; Scardamalia et al., 1984).

Science ,text is, however, a complex genre which needs sophisticated reading skills
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(Scardamalia & Bereiter, 1984). The dilemma in science education is that given the

importance of reading competence, many students only comprehend their text with great

difficulty, or not at all. It has also been suggested (Singer & Donlan, 1989) that many students

may function independently in one area of content, but not in another. Findings from many

studies reveal and support the growing awareness that while most students might have learned

to read, they often cannot read to learn (cf Singer & Donlan, 1989). Subject matter

information thus remains inaccessible to these students.

Despite a) the need for students to interact effectively with science text in order to

acquire scientific knowledge, understanding and thinking abilities, and b) the awareness that

students do not cope with their texts, recent surveys of the literature (e. g. Alexander &

Kulikowich, 1994; White & TIsher, 1986; Yore, 1991; Yore & Shymansky, 1985), indicate

that little is known about reading (and thinking) for learning science. Researchers tend to

focus either on reading (e.g. Beech & Colley, 1987; Denhieré & Rossi, 1991; Singer &

Donlan, 1989), or scientific reasoning (e.g. Anderson, 1992; Glynn et al., 1991), or thinking

(e.g. Feuerstein & Feuerstein, 1994; Feuerstein et al., 1980; Glaser, 1984; Nickerson et al.,

1985; Perkins, 1986, 1987). Few researchers have addressed the interface between science

learning, reading and thinking in their research (cf Chiapetta et al., 1991; Gaskins et al., 1994).

The relatively new field of cognitive science is currently considered to offer new hope

and direction for science education research concerned with improving thinking and learning

skills. This field combines cognitive psychology, artificial intelligence, computer science,

neural biology, linguistics, philosophy and science education, and seeks to explain the

information-processing intricacies of human knowledge and reasoning (cf Lavoie, 1993; ReU:

1987).

21

Cognitive scientists are not so much concerned with procedures for manipulating

https://etd.uwc.ac.za/



instructional treatments but rather with procedures for directing students' processing and

interaction with instructional materials (Bruning, 1983). This has come about perhaps mainly

as a result of the realisation of the complex cognitive demands students face as they pursue

scientific literacy. Students who have to learn science face an unfamiliar subject area, and in

addition, need to acquire science learning skills which may be different from skills needed to

learn in other academic areas (Ryan, 1989; Scardamalia et al., 1984; Singer & Donlan, 1989).

When, in addition, science learning takes place through interaction with textually represented

information, the situation becomes increasingly more complex and demanding for the learner.

2.1.1 A framework for reviewing research on text-based science learning

Information generated from many strands of seemingly disparate research areas is relevant to

text-based science learning. That information will be integrated here to provide a

comprehensive account of the reading-to-learn situation, the possible difficulties science

learners face, and how it informs on possibilities for intervention for reading comprehension

and thinking which is the particular focus of this study.

The orientation of this review will be that of contemporary cognitive perspectives

which focus on the internal mental processes in the acquisition and application of knowledge.

Cognitive perspectives emphasise knowing, rather than responding, mental structure or

organisation rather than product, and stresses the notion that the individual is active,

constructive and planful (Bovy, 1981; McLaughlin, 1990; Stewart, 1985). Central to accounts

of human cognition is an analysis of the plans or strategies people use for thinking,

remembering, understanding and reading (McLaughlin, 1990).

The synthesis of recent research presented here, will be framed within a cognitive,

interactionist framework. This framework acknowledges the role of the learner, tasks and
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texts in learning and recognises that the ability to learn from any text is a multidimensional

process occurring from the interplay of these variables. This study addresses the interface

between the text and the reader during learning. Understanding of this interface may inform

instruction aimed at mediating meaningful student-text interaction. This interpretation of the

model, however, differs from other interactive models (e.g. Alexander & Kulikowich, 1994;

Jenkins, 1979; Kintsch & Van Dijk, 1978) in its emphasis on the cognitive characteristics of

the reading process, the nature and role of expository science text, and the nature and role of

the science student. It also takes into account the effect of the scientific domain of study on

the dynamic interplay between learner and text - a condition not recognised by many science

practitioners (Alexander & Kulikowich, 1994).

2.2 CONNECTING READING, LEARNING SCIENCE AND THINKING

Various foci of research are relevant to and impact on research on text-based science learning.

These include research on: the nature of science (Driver et al., 1994; Millar & Driver, 1987),

the nature of text (Chiapetta et al., 1991; Cook &Mayer, 1988; Kintsch, 1991; Spiegel &

Barufaldi, 1994), the nature of the student/reader (Anderson & Armbruster, 1984; Hidi, 1990;

Wandersee, 1988), the reading process (Beers, 1987; Glynn &Muth, 1994; Just & Carpenter,

1987; Kintch, 1991; Sadoski et al., 1991), knowledge and attitudes of teachers (Chiapetta et

al., 1991; Edmondson & Novak, 1993), uses of textbooks (Gottfried & Kyle, 1992), science

reasoning and students' learning (Eylon & Linn, 1988; Glynn et al., 1991; Shuell, 1986).

Although research in each of these areas relates to text-based science learning, these foci have

been very compartmentalised, with little communication between researchers in these areas.

Research on reading comprehension has thus evolved separately from research on

science education, which in turn did not always acknowledge the importance of reading
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instruction in the scientific domain. Often parallel research streams have evolved on the same

topic, e.g. both reading and science education research often reported extensively on cognitive

processing. Although most of the above-mentioned areas complement one another as far as

text-based science learning is concerned, they have not, as far as could be established, been

treated in a sufficiently integrated fashion. This section will examine the available research

literature on reading, thinking and science learning in order to demonstrate their

interconnectedness and the usefulness of analysing this interface as a basis for reading and

thinking intervention.

2.2.1 The reading-thinking connection

The notion of reading being akin to thinking has a long history. Earlier researchers in this area

characterised reading as "thought-getting" (Huey, L913) and viewed its purpose to stimulate

readers' thinking powers (Stauffer, 1969). According to Gates (1949),

Reading is not a simple mechanical skill; nor is it a narrow scholastic tool. Properly
cultivated, it is essentially a thoughtful process. However, to say it is a 'thought
getting' process is to give it too restricted a description. It should be developed as a
complex organization of patterns of higher mental processes. It can and should
embrace all types of thinking, evaluating, judging, imagining, reasoning, and
problem-solving. Indeed it is believed that reading is one of the best media for
cultivating many techniques of thinking and imagining (In Stauffer, 1969:9).

Later comparisons of reading with thinking include Stauffer's (1969) view that reading,

like thinking, rests upon three main aspects namely, a) realistic thinking, or reasoning, b)

imaginative thinking, and c) personalised thinking. Stauffer also likens purposeful reading to

problem-solving in that both involve three phases: confrontation by a problem, reading to find

a solution, and finding the solution or failing to find it.

Reading is narrowly associated with reasoning. As used in psychology today, the term

reasoning usually refers to the solution of problems by logical operations, and indicates
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productive thinking (Stauffer, 1969). Thorndike (1917) has likened reading to reasoning in his

now often quoted and very eloquent statement:

Understanding a paragraph is like solving a problem in mathematics. It consists in
selecting the right elements of the situation and putting them together in the right
relations, and also with the right amount of weight of influence or force for each. The
mind is assailed, as it were by every word in the paragraph. It must select, repress,
soften, emphasize, correlate, and organize, all under the influence of the right mental
set or purposes or demand (p.22).

These early investigators have thus indicated that reading to learn is a demanding task

which requires not only a command of reading skills but also of thinking skills.

Current views of reading concur with those of the earlier researchers cited above. The

reading process is considered to be an interactive social event that involves internal regulation,

is influenced by context, and utilises higher-order thinking processes (Bloome, 1991; Carey,

1986; Just & Carpenter, 1987; Resnick, 1987). Examples of such processes are analysis (to

clarify information by examining the component parts), synthesis (to combine relevant parts

into a coherent whole), and evaluation (includes setting up standards and then judging them to

verify the reasonableness ofideas) (Flynn, 1989). Paul (1992) stresses that these cognitive

processes are not the end products of a hierarchy of separate skills but are part of an

interactive process that uses several levels of thought simultaneously.

According to researchers on critical reading, being a critical reader demands that

students correctly identify valid (versus invalid) instances of argument, reasoning, or

presentation of evidence in written materials, make reliable observations, produce sound

inferences, and form reasonable hypotheses (Flynn, 1989; Patching et al, 1983). Olson and

Babu (1992) maintain that the interpretation, analysis and criticism of written texts are what

critical thinking is and what it is fot. Hence, they argue that critical thinking is synonymous

with literacy.
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The above-mentioned abilities are also characteristics of good problem-solvers and

correspond to what is observed in scientific practice. The disposition to engage in criticism of

science text arises from a scientific epistemology that maintains that even though something is

asserted, even by an expert, it is fallible and must, therefore, be questioned (Feynman, 1969).

The kinship between reading and thinking has motivated several authors to advocate

that reading may be one of the best media for cultivating techniques of thinking (Flynn, 1989;

Resnick, 1987; Stauffer, 1969). Thus according to Whimbey (1985):

Although intelligence manifests itself in many forms, there is one expression of it that
is especially important in scholastic pursuits: the ability to read comprehendingly.
The teaching of overall academic thinking ability could be effectively organised
around training in reading comprehension (In Nickerson et al., 1985:39).

2.2.2 The sciencelearning-thinking connection

There is the general view that scientists seek knowledge to make the world more intelligible,

comprehensible and predictable. Hodson (1992), states that "scientific knowledge is sought

and constructed not 'for its own sake' (as in the stereotypical textbook image of science), but

for its value in solving problems" (p.541). At the same time, improving students' ability to

think critically, reason logically, and ultimately to solve problems continues to be a major goal

of math and science teachers (Aldrige, 1992; Germann, 1989; Lavoie, 1993; Stewart, 1982).

Lawson (1985) asserts that the performance offormal reasoning is scientific reasoning.

He considers reasoning ability as an excellent predictor of achievement if the achievement is

based upon the student's ability to generate and test hypotheses and investigate natural

phenomena. Problem-solving ability is thus closely tied to both the purpose of science, and the

understanding and performance in science. Recently, researchers (e.g. Mastropieri & Scruggs,
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through science learning activities.

The importance of reasoning and problem-solving performance as measures and

determiners of science learning is borne out by the attention researchers are currently giving to

describe the learning of science by focussing on the cognitive processes and procedures that

students employ in solving scientific problems (Eylon & L~ 1988; Stewart & Lochner,

1986). This perspective will be discussed more fully further on.

2.2.3 The reading-science learning connection

Two parallel but independent advances have contributed to progress in science reading. These

are the reconceptualisation of reading as an interactive-constructive process (Ryder & Graves,

1994; White, 1988), and science learning as something more than conditioned responses and

rote memorisation (Driver et al, 1994; Holliday et al., 1994).

Much of the early science reading research was guided by a text-driven, bottom-up

model that emphasises decoding skills and textual attributes. This view encouraged controlled

vocabulary, fragmented sentence structure, and reduced conceptual demands that generally de-

emphasised the science curriculum and discounted the utilization of textual materials in science

teaching. Concurrently, science education research was exploring hands-on, cognitively

appropriate inquiry-oriented science learning. Science educators, however, became

increasingly aware that science learning involved more than rote memorisation, visual

information, or experimental activities (Driver et al., 1994; Glynn et al., 1991; ReU: 1990).

Current views hold that both reading and science learning involve the interaction

between prior knowledge, concurrent experience, and information accessed from print and

other sources in a specific social context that is focussed on constructing meaning (Anderson,

1992; Beers, 1987; McLoughlin, 1992). Furthermore, Gaskins et al, (1994) point out that
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science and reading are "each a mixture of conceptual knowledge and cognitive processes;

thus, processes, such as inferencing, self-monitoring, instantiating word meanings, and

summarising are best taught in knowledge-rich domains" (p.l040).

2.3 COGNITIVE PROCESSING AND READING

Reading is a complex cognitive skill, consisting of a collection of psychological processes that

together produce understanding of text (Just & Carpenter, 1987). In order to understand the

psychological processes that comprise the expertise of skilled reading in science learning, one

needs to consider the nature of these processes and how they operate together.

In the construction of a theory of human behaviour, cognitive scientists use, as

organisers, what is generally referred to as information-processing models (Stewart, 1985).

While particular models may vary from researcher to researcher, the basics are essentially

agreed upon (Anderson, 1990; Case, 1993). Such models attempt to describe how information

is stored in memory, how transformations of this stored information may occur, and how

stored information is retrieved for use in further learning and problem-solving (Stewart, 1985).

Reading is considered to be an excellent example of human information-processing

(Glass & Holyoak, 1986), and most cognitive and linguistic approaches to comprehension

(including current theories on reading) are considered to be compatible and complementary,

and share a number of characteristics (Just & Carpenter, 1987; McLaughlin, 1990).

Although much is known about linguistic products, little is known of the dynamics of

psycholinguistic processes involved in the course of acquiring scientific knowledge

(McLaughlin, 1990). Models of students' cognitive processing as they reason about scientific

phenomena and as they process text, may help one to understand how reading can serve as a

conceptual tool for helping students to engage in the complex reasoning and problem-solving
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2.3.1 Components of human cognitive processing

Models of the human information-processing system typically includes, a) a sensory register,

which functions in perceptual processing, pattern recognition, and feature extraction (Stewart,

1985), b) the conscious mind or working memory (WM), where mental work is done, c) long-

term memory (LTM), where the products ofleaming is stored, and d) a set of executive

processes involved in an awareness of all cognitive processes and the transfer of information

from one structure to another (Squire et al., 1993).

Working memory is a limited information store, retains the immediate interpretation of

events and holds information while reorganisation and storage occur in LTM. Part ofWM has

been likened to a "'cognitive workbench" (Britton et al., 1985). It is that part ofWM that is

placed in an activated (accessible) state so that mental operations can be performed on it. Only

a few operations can be performed concurrently on the workbench, and if too much

information has to be processed too fast, learning breaks down. For this reason, the

processing capacity (also called M-space) is limited in the amount of information that a person

can simultaneously coordinate during problem-solving (Pulos, 1993). It has thus been

suggested that a smaller WM may lead to poorer performance in tasks of higher cognitive

functioning, such as reading (Engle et al., 1991).

Ideally the information in WM is rehearsed, integrated in various ways with the .

information in LTM, and stored in LTM for future use (Britton et al, 1985). Long-term

memory is virtually unlimited in its capacity for storing categorised, hierarchically organised

information (Glynn &Muth, 1994). Its information storage and retrieval functions are further

enhanced by the processes of executive control. The executive control monitors the interaction

activities involved in learning science.
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between the working memory and the long-term memory (Glynn et al, 1991).

More complete descriptions of the components of the human information-processing

system can be found in Glass & Holyoak (1986) and Squire et al (1993).

2.3.2 Cognitive processing during reading and scientific reasoning

According to Glynn et al, (1991), the science student typically has to respond to a

problem-solving environment created either by the teacher, the textbook, or a combination of

these sources (see Fig. I).

Figure 1. A cognitive model of sclentlflc reasoning (Glynn et al., 1991).

Questions
Observations

3. Conclusions

STUDENTS WORKING MEMORY
1. Co~tive~~g
2. Constructing Relations

STUDENTS LONG-TERM MEMORY
1. Facts and Principles of Science
2. Basic and Integrated Science

Process Skills
3. Theories and Models
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The student's environment contains questions, observations and conclusions. Some of these

may be provided for the student at times. Information perceived by the student is processed in

WM, where higher-order learning operations are carried out. When reasoning in WM about a

science phenomenon, the student draws upon relevant facts, principles and skills stored in

long-term memory. It has been suggested (Glynn et al, 1991) that the skills should include the

basic and integrated science process skills routinely performed by scientists working in many

disciplines. The basic skills include observation, classification, communication, metric

measurement, prediction and inference. The integrated skills include identifying variables,

constructing a table of data, constructing a graph, describing relationships between variables,

acquiring and processing data, analysing investigations, constructing hypotheses, defining

variables operationally, designing investigations, and experimenting.

In addition to scientific information and process skills, the student also needs to access

reading and writing skills to construct the intellectual products in WM when they read science

texts (Glynn &Muth, 1994).

When students read scientific expository text, they are faced with a cognitively

demanding task. Britton et al (1985) posit that this is because these readers need a large body

of specialised knowledge and they must be able to concurrently carry out a variety of

component reading processes and memory management operations to facilitate comprehension.

The component reading processes are word recognition, lexical access (accessing word

meaning in a mental dictionary or lexicon), semantic and syntactic analysis (parsing), text

integration, inference (predictions), identification of text relations (patterns), summarisation

(gist), and elaboration (connecting new and existing information) (Glynn &Muth, 1994; Just &

Carpenter, 1987; Kintsch, 1988). The memory management operations include "prefetching"

(activation of text relevant information and schemata in advance of reading), and "demand
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fetching" (the activation that occurs during the course of reading) (Britton et al., 1985). The

acquisition of information and the means to employ information occur in the storage and

retrieval systems of the long-term memory systems component (Tennyson, 1988). This aspect

will be discussed in Section 2.5.3.1.

With the limited information-processing capacity of the human mind, the more

cognition-based activities the reader must engage in concurrently, the less cognitive capacity is

available for each. This limits the processing capacity, or the amount of information that a

person can simultaneously coordinate during problem-solving (Pulos, 1993). One way in

which readers deal with complex knowledge is by "chunking".

Miller (1956) introduced the term "chunks" to refer to the discreet units of information

that cou1d be consciously held in WM and transformed and integrated. He proposed that the

maximum number of these chunks was approximately seven. Since we commonly acquire

concepts that contain far more information than seven units, it has been argued that a mental

process must occur in which previously unrelated parts - that is chunks of information - are

assembled into the mind into a higher-order chunk or unit of thought. It has been suggested

that such a process may facilitate higher-order concept acquisition. Chunking reduces the

load on mental capacity and simu1taneously opens up additional mental capacity that allows the

acquisition of still more complex and inclusive concepts (Lawson, 1994).

Models of human cognition often use the computer analogy to depict information

processing. Such models usually represent information processes as rote and do not account

for the constructive nature oflearning. According to Glynn &Muth (1994), the perception,

storage and retrieval of information are all constructive processes, with students' expectations,

beliefs, values and socio-cu1tural background and existing knowledge influencing the

processing of information. What students construct, determines what they learn. No two
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students thus learn exactly the same thing when they read a textbook, listen to a lecture,

observe a demonstration, write a report, or do a laboratory activity (Glynn &Muth, 1994).

The final products of scientific reasoning carried out in WM are the constructed

theories and models of students. It includes hypotheses, inferences, generalisations,

elaborations and solutions and are returned to LTM for future applications.

2.3.3 Memory systems

The acquisition of information and the means to employ information occur within the storage

and retrieval subsystems of the LTM systems components (Shiffren & Atkinson, 1969). The

storage system is where the coded information is assimilated into the existing knowledge base.

The latter is an associative network of concepts (or schemas), varying per individual according

to amount (volume of information coded in memory), organisation (the structural connections

of that information), and accessibility (executive control strategies such as recall, problem-

solving, and creativity) of information (Tennyson, 1988).

Various forms of knowledge are stored in LTM - each representing a different memory

system and function. They include declarative knowledge which implies an awareness of

information, procedural knowledge which implies how to use given concepts, rules and

principles, and conceptual knowledge which implies an understanding of when and why to

select specific concepts, rules and principles (Bauman & Schmitt, 1986). Conceptual

knowledge involves the executive control process and is governed by criteria embedded within

the organisation of the knowledge base. Conceptual knowledge forms the organisation and

accessibility of information in a knowledge base.

The retrieval system employs the cognitive abilities of differentiation (selection) and

integration (i.e. restructuring) in the execution of thinking strategies associated with recall,
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problem-solving and creativity. Recall strategies only employ the automatic selection of

knowledge directly stored in memory.

Problem-solving, however, requires both the cognitive abilities of differentiation and

restructuring and is formed at the time of solution and stored as conceptual knowledge. The

problem-solving strategies are thus domain specific and cannot be considered as generic

"skills" that can be transferred between domains (Tennyson, 1988). For this reason, it has been

argued that the accumulation of problem-solving strategies in the knowledge base occurs in

direct reference to the number of problems solved within given domains (Alexander & Judy,

1991; Tennyson, 1988).

Creativity employs differentiation, restructuring and the ability to create knowledge not

yet coded in memory by using the total cognitive system. It thus employs not only LTM, but

other system components such as WM, perception, as well as attitude and motivation.

Since each thinking strategy form is embedded by domain within the conceptual

knowledge structure of the knowledge base, it has been argued that as the learner engages in

more thinking situations, the individual thinking strategies would become increasingly more

abstract and generalisable within the domain (Sternberg, 1985).

Since problem-solving strategies are at the heart of this study, and since it has been shown that

they are acquired while using the cognitive abilities of selection of stored knowledge, and

especially the integration or restructuring of knowledge, the process of restructuring merits

some elaboration.
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2.3.3.1 Knowledge restructuring

Because of the limitations of the information-processing capacity, a person is constrained in

directing active attention to many tasks at once as is required in the development of complex

cognitive skills such as reading and scientific reasoning. According to some researchers (Beck

& Carpenter, 1986; Glynn &Muth, 1994), the development of any complex cognitive skill is

thought to require building up a set of well learned, automatic procedures so that controlled

processes are freed for new learning. WIthin the framework of contemporary cognitive

psychology, it is suggested that cognitive skills are learned and routinised (i.e. become

automatic) through the initial use of controlled processes. Controlled processing requires

attention and takes time, but through practice, subskills become automatic and controlled

processes are free to be allocated to higher levels of processing (McLaughlin, 1990).

However, when learners encounter new information, it involves more than the addition

of new structural elements. Learners need to direct their strategies at meaning-making away

from processes such as decoding. This requires a new internal organisation or restructuring

(McLaughlin, 1990). Restructuring from an information-processing perspective is "... a

process in which the components of a task are coordinated, integrated, or reorganised into new

units, thereby allowing the procedure involving old components to be replaced by a more

efficient procedure involving new components" (Cheng, 1985). In restructuring knowledge,

experts represent relations among concepts which are different from the relations that novices

represent among such concepts. Patterns among these new relations motivate the creation of

new abstract concepts and schemata that are either not represented by novices at all or are not

very accessible to them (Carey, 1986; Chi et al., 1982; Dunn & Taylor, 1990; Smith, 1991).

. In an investigation of advanced and beginning students' reading in a second language,

McLaughlin (1990) found that although both groups of readers might have mastered the
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mechanical aspects of reading, they continued to process text word by word, not using

contextual semantic relations and syntactic information to comprehend meaning. Although the

advance group made twice as many accurate predictions as the beginners on the cloze test (test

of readers' effectiveness with text based on the mind's ability to complete incomplete words,

visual images or thoughts) which shows their superior semantic and syntactic competence, they

did not apply this competence to their reading behaviour. They were still using old strategies

aimed at decoding, while they had the competencies to apply new strategies directed at

meaning. This suggests that a process of restructuring had not yet occurred.

Learners thus need to acquire mechanisms to replace procedures involving old

components with more efficient procedures involving new components (Cheng, 1985). To

study restructuring is to focus on the mechanisms of transition that are called into playas the

learner modifies internalised, cognitive representations (McLaughlin, 1990).

2.4 THE NATURE OF EXPOSITORY SCIENCE TEXT

2.4.1 The role of text in science education

As pointed out in Section 2.1 science text is an important medium for students to access

scientific knowledge and the ability to comprehend science text becomes crucial as we expect

students to increase their academic independence by learning from text. There are however

several characteristics of science text which have a direct bearing on any study which involves

learning from this type of text, and these will be reviewed here.

Numerous studies have indicated that science materials are difficult or frustrating to

read (cf Wandersee, 1988). It has also been suggested that science teachers rely too much on

the assigned textbooks which probably give students a false impression of the nature and

source of science (Norris & Phillips, 1994). Many textbooks stress facts and present science
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as a complete body of information that was arrived at in an errorless manner. Tertiary biology

textbooks, in particular, have been criticised for their surface level presentation of ideas and

large concept load (Blystone, 1987; Lloyd, 1990). The latter, together with a lack of

elaboration, and the emphasis on terminology and vocabulary (Yager, 1983), create a learning

situation which requires students to memorise information without in-depth understanding of

science concepts (Lloyd, 1990).

Science text, such as physiology text, is expository in nature (Wesso, 1992), and

represents a genre with distinctive characteristics (Britton & Black, 1985). The latter

contributes to a sophisticated level of complexity which increases the cognitive processing

demands in readers and has a powerful bearing on science reading comprehension (Alexander

& Kulikowich, 1994; Norris & Phillips, 1994).

2.4.2 Text types and organisation

Texts can be one (or a combination) offour rhetorical types: narration, description,

argumentation and exposition. Some of these are easier to recall than others, and most

extended texts are of more than a single type (Bock & Brewer, 1985; Englert & Hiebert, 1984;

Meyer, 1985; Spiro & Taylor, 1987).

Narration is an account of events or actions and includes characters, plot, theme and

style. Description appeals to the senses of the reader and is generally about the appearance of

an object, a person or an event. Argumentation appeals to reasons to support conclusions and

often attempts to persuade or convince. Exposition presents facts or explains why something

is important, how something works, or what a thing means.

According to Maestre and Izuierdo (1992), "... if one cannot interpret expository and

argumentative texts, then one cannot understand science, because explaining how things work
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and drawing conclusions upon the basis of reasons are fundamental to the epistemie nature of

science" (p.950). Ifreaders are to understand the author's intentions, they have to understand

the assumptions, norms and practices associated with the particular type of text (Norris &

Phillips, 1994). For science students, this means that they must be competent at interpreting

the text types found in sources such as textbooks and articles in scientific journals.

A brief consideration of the discourse found in scientific journals may serve here to

illustrate the particular demands associated with text type. In addition to being expository,

scientific journal discourse has the purpose to explain, to argue for a conclusion, and to

persuade readers of the validity and importance of the work being reported (Maestre &

Izuierdo, 1992; Norris & Phillips, 1994). This type of discourse is unified by an epistemie

basis (Tarantino, 1991) which is portrayed in the recurring acts of defining, classification,

generalising, explaining, hypothesising and concluding. Interpretation of this type of discourse

depends upon seeing it in the larger contexts of argumentation and the alliances within the

scientific community (Meyers, 1991). In addition to this overriding epistemie basis for

argumentation, science journal texts are characterised by a number of surface structures. It has

for instance a canonical experimental report order: description of problem, method, results,

discussion and conclusion (Davis et al., 1988; Norris & Phillips, 1994). Since these usually

appear as headings which relate to the content which will follow, the interpretation of different

headings as well as distinguishing between them is crucially important. Failure on the part of

the reader to recognise this distinction will cause difficulties in comprehending text (Norris &

Phillips, 1994).

In contrast to the text in science journals that has a canonical structure, science

textbooks have been charged with not displaying any logical development and with having

extreme variation in reading difficulty from chapter to chapter (Ajewole, 1991; Shymansky et
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Several authors have, however, stressed that science text does have recurring patterns

and a hierarchical arrangement (Brown et al., 1981; Cook & Mayer, 1988; Meyer, 1984;

Richgels et al., 1987) which readers must interpret in order to understand it. For instance,

information appearing in the high levels of a text structure hierarchy is better remembered than

the information at a lower level (Meyer, 1984; 1985; 01hausen & Roller, 1988).

Knowledge of text structure is essential in order to learn from expository text and has

been shown to enhance understanding in both novices and advanced readers. It was, for

instance, demonstrated that novices in physics of above average reading ability, use text

structure knowledge to determine what is important when they try to understand unfamiliar

text (Wade & Schraw, 1991). Smith (1982) posits that competent readers build a structure of

meaning within the text and then erect a structure of meaning around it. She found that "...

mature readers are quick to go beyond the text in order to extract meaning from difficult

material, building an external scaffold rather than relying on the internal framework alone to

span the gap between the reader and the textbook" (p.8). Knowing about and knowing what

to do with these patterns are important for the sound interpretation and comprehension of

expository science text (Gordon, 1990; Norris & Phillips, 1994; Spiegel & Barufaldi, 1994).
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piecemeal and incoherent fashion (Beck & McKeown, 1989; McKeown, et al., 1992). Kieras

(1985) points out that the relative independence of content facts, content schema (frameworks)

and grammar, in science text causes for a major difference between science text and narrative

prose. He points out, for example, that in biochemistry, there appears to be no textual rules

that state in what order one must describe the facts about an enzyme. When text displays such

apparent incohesiveness and lack of structure, the processing demands for readers increase

(Kintsch & Van Dijk, 1978).
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2.4.3 Vocabulary and other text complexities

Science text has been characterised as having long complex sentences, an abundance of

complex concepts, an overload of polysyllabic words, and great emphasis on terminology. For

instance, some 1 500-2000 technical terms have been reported to appear in introductory

science textbooks for high school (e.g. Barrass, 1979; Merzyn, 1987). The vocabulary alone,

associated with the differing disciplines of science, overwhelms readers, and is a major obstacle

to comprehension (Chiapetta et at, 1991; Kieras, 1985; Ogens, 1991). As a result, students

memorise large amounts of information and think that being able to reproduce facts is what

science is all about (Ruis, 1988; Wandersee, 1988).

Many common words have been appropriated into subjects such as biology and

chemistry. According to Ryan (1986), this resulted in a "secret language" in which a

"paradoxical jargon" of science prevails. The author explains that the term "paradoxical

jargon" is so called" ... because their very familiarit.y masks the fact that they have specialised

meaning" (p.91). Thus, for example, while students may understand the word "specific" to

mean "particular", they may fail to understand that in the context of physics (and physiology),

it also means "compared to water" (Ryan, 1986). A further problem with science terminology

is that many terms are superfluous, obsolete, unnecessary and even misleading. Barrass (1979)

provides extensive lists of such terms.

Expository prose also follows some important syntactic rules. According to Kieras

(1985), the most important have to do with noun phrase structure and the referential rules for

given and new information. Whereas in simple prose the determiners a and the mark new and

given referents, in expository prose the rules have to be expanded to include the distinction

between whether a referent is given or new with regard to not just the prior text, but the

reader's knowledge as well.
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Chiapetta et al. (1991) claim that chemistry textbooks have become thicker with more

quantitative and theoretical material but contain l.:::s descriptive chemistry. Modem textbooks

typically concentrate on presenting the conclusions of scientific research, in contrast to science

journals, which also focus on such topics as defining problems and describing and justifying

methods. The activity of explaining evidence, which is central to science, is usually missing in

textbooks (Strube & Lynch, 1984). Science textbooks are thus often just stores of facts that

portray scientific development as one success following another (Sutton, 1989). This together

with the emphasis on new vocabulary, encourages a superficial, rote learning attitude with no

facilitation of restructuring and thus no deep understanding.

Inaddition, science text, frequently includes an array of mathematical and scientific

symbols, equations and diagrams. The abundance of problem sets, formulae, and graphics

demand differential processing from the connected discourse in which they are embedded

(Alexander & Kulikowich, 1994). Students are thus called upon to shift from one symbol

(mathematical/scientific) system to another (linguistics) (Bassok & Holyoak, 1989). The

bilingual character of such text not only contributes to the inconsiderate appearance of text but

intensifies the cognitive demands placed on the reader (Beck &McKeown, 1989; McKeown et

aI., 1992; Merzyn, 1987). This problem may be reduced when both the linguistically presented

and the mathematically or scientifically presented data are well integrated. Unfortunately,

according to Ward and Sweller (1985), such integration is not a common characteristic of texts

that include mathematical examples.
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2.4.4 Text as source of errors and misunderstandings

Several features of expository text, such as the "paradoxical jargon" referred to in Section

2.4.3, do not only cause text to be difficult to understand but may be a source of

misconceptions or alternative understanding. For instance, scientific authors often use

segments of seductive detail to presumably motivate readers to process text more deeply.

(Seductive detail is a segment of text that is highly interesting but structurally unimportant; that

is, it is information tangential to the main ideas of the text). In reality it often has the opposite

effect and diverts readers' attention away from the scientific information (Alexander &

Kulikowich, 1994).

Analogies are often used in a similar fashion to improve readers' comprehension of

difficult or unfamiliar information, including science concepts (cf Stavy, 1991). They,

however, do not always have the intended effect on comprehension - they may actually

complicate rather than facilitate text processing. This may be due to a lack of sufficient subject

information or the analogy may be ill-constructed or ill-chosen (Holyoak, 1991). The outcome

is then usually that the reader tends to treat the analogy as an additional piece of content to be

read and understood. It is especially in students with low subject knowledge that these

embedded analogies complicate text processing the most.

According to Sutman (1992), there has been a consistent increase in the number of

content errors in materials used for science instruction. He posits that these are not errors of

the controversial type (e.g. the debate on creationism), but are, a) inaccurate statements or

statements that poorly represent known scientific information, b) scientific information that is

incompletely presented, c) materials that claim to be science-content based but instead

emphasize social science content and issues, and d) presentations of science investigations that

simply do not work.
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Sutman (1992) cites a particular secondary school biology textbook which averaged

109 new terms per chapter. This book included over 200 errors in the first 206 pages.

Physiology texts for the same level have also been reported to display errors. Malvin (1990)

found the following erroneous statements on one page of a physiology textbook: a) "When the

blood flows into the glomerulus, the pressure rises as the artery branches into capillaries."

(Wrong). b) Blood in the renal capillaries is " ... highly concentrated and viscous" (Not quite

right). c) "Urea ... is removed from the blood in the capsule solely by passive transport ... "

(Wrong). d) Egg albumin is stated to "... pass out of the blood into the urine quite easily" and

"The same is stated of other proteins with molecular weights lower than that of hemoglobin

(MW 68,000)." (Wrong). Both Sutman (1992) and Malvin (1990) blame professional writers

with poor science knowledge, an inability to simplify complex phenomena, and the

overcrowding of books with factual material as likely causes of these errors. According to

Sutman (1992), the occurrence of such errors in addition to the excessive amount offactual

information, terms and definitions, diminishes students' acquisition of science information, and

affords little opportunity to enable students to conceptualise at higher levels.

2.4.5 On improving science text

As researchers came to identify the linguistic complexity of science textbooks, the variables

impeding comprehension and their cognitive demand, there were concurrent efforts to

formulate various suggestions for designing better textbooks (e.g. Norris & Phillips, 1994;

Shymansky et al., 1991). These recommendations included various text enhancing features,

the most common of which are categories of organisation, discourse consistency, cohesiveness,

explication, conceptual density, meta discourse, instructional features and instructional

appropriateness (cf Wesso, 1992).
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Of considerable concern to researchers has been the issue of appropriate presentation

of scientific information. Chiapetta et al. (1991), have recommended that if science textbooks

are to assist in the development of a scientifically and technologically literate society, they must

provide curriculum balance which stresses knowledge, investigation, thinking, history of

science, technology and societal concerns. At the same time the textbooks should present the

content and methods of science in an authentic, accurate manner which makes science relevant,

interesting and understandable to students without diluting the subject matter to the point

where it lacks meaning (Chiapetta et al., 1991; Yager, 1983). However, many commercially

prepared textbooks present answers to problems and bodies of information as if science is a

complete body of information that was arrived at in an errorless manner (Chiapetta et al, 1991;

Farris et al., 1988). When these books do mention concepts, principles and ideas, they treat

them superficially and do not develop them adequately around models that scientists use to

form their own thinking (Ruis, 1988). This view is supported by Malvin (1990) in his

comments on secondary school physiology books. According to him none of the physiology

books he reviewed introduced, for instance, any aspect of the scientific method, or of

variability, or the statistical approach to hypothesis testing. Certainly the methods of testing

truth of information is as important as the facts themselves, and should be taught or presented

in a textbook.

Many recommendations for improving text were also forwarded as a result of

arguments that the primary innovations in textbooks since the last century have been in format

(mainly organisation), not content (Strube & Lynch, 1984). These changes are considered to

be cosmetic, and do not aid understanding (Shymansky et al., 1991). However, despite all the

recommendations, and numerous attempts at it, text modification could not be shown to

remediate comprehension deficiencies (Flood, 1986; Taylor & Beach, 1984).
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2.5.1 A "science of science education" view

Science education researchers acknowledge the importance of studying students' understanding

as they learn science (TIerney et al, 1987). As a result, the issue of student cognition has

come to dominate research on the psychology oflearning science (Gilbert & Swift, 1985), and

new insights have been gained into the complex cognitive processes involved in reading

(Denhieré & Rossi, 1991). This cognitive orientation emphasises the understanding of the

internal processes involved in reading; in other words, what the reader does while reading.

This contrasts with the earlier emphasis which was on the products of reading for learning -

what the reader remembers from reading.

Ofparticular relevance to this study are the recent advances in psychological research

on learning science which have led researchers to argue that there is now a "science of science

education" available which offers useful implications for science education (Cleminson, 1990;

Linn, 1986). These advances include concern and new insights into processing capacity,

problem-solving and readers' knowledge - especially notions of intuitive or alternative

conceptions. The role and characterisation of the student in scientific reading will be described

here within these parameters.

2.5 THE NATURE OF THE STUDENT

2.5.2 Processing capacity

Comprehension seems to rely on the ability to hold particular labels and concepts in memory

and to process incoming information so that information may be integrated over time (Engle et

al, 1991). Readers are, however, limited in the amount they can perceive in a single eye

fixation (Beck & Carpenter, 1986), how quickly the eyes can move (Carpenter & Just, 1986),
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the number of "chunks" of information they can retain in WM (White, 1988), and the rapidity

with which they can retrieve information from LTM (Hall, 1989). These are constraints on the

processing of textual information and it has been suggested that they are manifestations of the

limited processing capacity of the human information-processing system (Britton et al., 1982;

Hall, 1989).

It has been argued, mainly by developmentalists (e.g. Case, 1987; Pascual-Leone 1976,

1980), that since a fundamental characteristic of development is the increase in processing

capacity, the incapacity to employ logical reasoning stems from the processing capacity

limitations of the learner. The limited-capacity assumption suggests that a smaller WM

capacity would lead to poorer performance in tasks of higher cognitive functioning (Engle et

al., 1991; Linn, 1986). This assumption, when applied to skilled reading, also suggests that

lower level processes such as decoding should function automatically, in order to allow the

reader to attend to higher-order comprehension processes (Hall, 1989).

It may well be that present WM sets an upper limit to the complexity of structures of

processing which a learner can use. According to Shayer (1987), although knowledge of the

detail ofthis may be useful, the role of the WM as stressed by Case (1987) and Pascual-Leone

(1976, 1980), appears to be "... an aspect of maturation which the interventionist can do

nothing about" (p. 725). Novak (1990a) argues that the primary limitation for young children,

for instance, is not their "cognitive operational capacity", as indicated by the neo-Piagetian

researchers, but rather the quantity and quality of their relevant knowledge. This author cites

several studies which confirm that children have substantial cognitive abilities - far beyond

those suggested by the narrow interpretations of Piaget's work.

Another view suggests that abstract reasoning may vary as a function ofWM demands

rather than a function of intellectual development (Eylon et al., 1986). If a given problem
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overloads working memory, students cannot reason abstractly and revert to a more concrete

approach. Adherents to this view generally posit that problem-solving demands of curricula

should allow readers to solve problems using their available processing capacity (Eylon &

Linn, 1988; Linn, 1986; Roth &Milkent, 1991). They call for instruction that provides

appropriate task representations and increases domain-specific knowledge, such as algorithms

or procedures to combine information in order to reduce WM demands. Their approach is

based on, for example, evidence that experts in physics synthesise mechanics into a few

principles while novices manipulate many formulas when faced with a problem (Larkin & ReU:

1976). Reduction in WM demands may enable reasoners to use abstract principles (Eylon &

Linn, 1988).

2.5.3 Problem-solving and knowledge

Current research concern iswith the kind of information that is applied in problem-solving, the

organisation and symbolic representation of this information, and the whole range of behaviour

involved in problem-solving (Bransford et al., 1986; Eylon & Linn, 1988). The latter includes

defining the problem, designing a problem solution, and implementing the solution.

In particular, prior knowledge is a significant factor in problem-solving and the

comprehension of text (Dunn & Taylor, 1990; Kintsch, 1991). Research in these two areas has

acknowledged the role ofboth declarative knowledge (knowledge of the subject) and

procedural knowledge (knowledge of the skills and strategies involved) (cf Baumann &

Schmitt, 1986; Greeno & Simon, 1984). Further, thinking and problem-solving abilities are

not simply added on top of existing domain-specific competencies. Instead, competencies in a

domain and the ability to think in that domain seem to develop hand in hand (Bransford et al.,

1986).
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et al. (1994), involves students

2.5.3.1 Knowledge of the learner

Emergent views of knowledge are that it is constructed rather than being objective and

revealed; see theories on it as provisional, not absolute; and that knowledge is actively built up

by learners who bring existing conceptions to bear on interpreting new situations (Glynn &

Muth, 1994; Glynn et al., 1991; Millar & Driver, 1987). Learning science, according to Driver

entering into a different way of thinking about and explaining the natural world;
becoming socialized to a greater extent into the practices of the scientific community
with its particular purposes, ways of seeing, and ways of supporting its knowledge
claims. Before this can happen, however, individuals must engage in a process of
personal construction and meaning making (p.8).

This constructivist position is shared by a wide range of different research traditions

relating to science education (Cobb, 1994; Pfundt & Duit, 1994). There is also a research

trend that emphasises the socially and culturally situated nature of science activity (Roth,

1994). These researchers hold that learning, rather than being a transfer of knowledge, is a

"cognitive apprenticeship" during which students are introduced into the practices of a culture.

At times the two views appear to be in direct conflict, with adherents to each claiming

hegemony for their view, but Cobb (1994) suggests that these two views are actually

complementary.

The reading process too, is considered to be a social event that involves internal

regulation, is influenced by context, and utilizes higher-order thinking (Bloome, 1991; Resnick,

1987). This means that the cognitive processes associated with reading are no longer viewed

as residing in the individual; rather they are seen as "being moved out of the privacy of one's

head and into the interaction" (Hollidayet al., 1994) as "readers use print clues to 'construct' a

model of the text's meaning" (Valencia & Pearson, 1987).

Researchers (e.g. Gaskins et al., 1994; Holliday et al., 1994) see the parallel advances
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in reading and science learning as perhaps the most important advance in understanding science

reading. "Now both reading and science learning can be described as an interaction between

prior knowledge, concurrent experience, and information accessed from print and other

sources in a specific social context that is focussed on constructing meaning" (Holliday et al.,

1994:878).

In the reading comprehension literature, prior knowledge refers to all the knowledge

whether explicit or implicit, that an individual possesses. It is currently widely recognised that

the reader depends on several types of knowledge to comprehend meaningfully (Alexander &

Kulikowich, 1994). Types of knowledge include: a) knowledge associated with the subject

matter (e.g. physics) and most often acquired through schooling (e.g. domain and topic

knowledge). Domain knowledge is the knowledge of a specific field such as biology, and topic

knowledge is the knowledge of scientific concepts directly referenced in text; b) knowledge of

language conventions (ie. discourse knowledge) is often required for science subjects; and c)

knowledge of text structure, both at the passage (ie. narrative and exposition) and paragraph

level (e.g. compare/contrast or descriptive) (Alexander & Kulikowich, 1994). Research on

expository prose has, however, mainly focussed on knowledge of text structure (Alexander &

Kulikowich, 1994; Armbruster et al., 1991; Flood et al., 1989; Voss & Bisanz, 1985).

This focus on text structure is the result of the view that meaningful learning in science

occurs when conceptual relations are constructed between new and existing knowledge (e.g.

Glynn &Muth, 1994; Glynn et al., 1991). According to Glynn &Muth (1994), in biology and

chemistry where complex concepts are the rule rather than the exception, these concepts

should be learned as organised networks of related information, not as lists of facts.

Conceptual relations in science are of many kinds: hierarchical, enumerative, exemplifying,

sequential, comparative, contrasting, causal, temporal, additive, adversative and problem-
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solving (cf. Mayer, 1985; Spiegel & Barufaldi, 1994). Although science teachers realise that

networks must be built, they're not sure how to facilitate relational learning in their students -

particularly when the number of students in the class is large and the concepts are complex

(Glynn &Muth, 1994). An extensive body of research has recently been developed to

facilitate relational learning by means ot: for example, concept mapping (cf. Heinze-Fry &

Novak, 1990; Novak, 1990b).

Of import is that by bringing reading skills and science process skills concurrently to

bear on existing knowledge and new knowledge in a text, students construct a representation

of the meaning of text (Kintsch, 1991). Knowledge serves as a conceptual scaffold into which

new information can be assumed or accommodated (Alexander & Kulikowich, 1994; Anderson

et al, 1977). The constructed representation has the advantage of being meaningful to

students and therefore, more memorable and applicable. It must be borne in mind that at the

same time, this mental representation may include reasonable misconceptions about ideas

expressed in text.

A foundation of domain knowledge is requisite to the efficient use of cognitive and

metacognitive strategies fundamental to the comprehension of demanding text (Yore, 1991).

An investigation by Alexander and Judy (1988) of the effects of domain and topic knowledge

on the interest and recall of undergraduate and graduate students in physics, those who

performed best on the pre-test comprehension test (better at domain knowledge) did better in

recall of the text passage. According to these authors, "If students do not possess the 'whats'

of physics, it is highly unlikely that they can execute the procedures that are fundamental to the

domain" (p.898). (Here the "whats of' refers to subject-matter knowledge).

Currently there is, however, evidence that superior problem-solving performance of

experts is not only a function of how much more they know, but may rather be due to
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promising results were obtained in terms of recall and problem-solving in studies where physics

important differences in how their knowledge is organised and represented (explicit depictions

of how knowledge is linked). This allows experts to store more information, and organise and

utilize it differently. Comprehensive accounts of knowledge representation and organisation

appear in Bransford et al., 1986; Eylon & Linn, 1988; and Larkin & Reit: 1976. Although the

number of instructional studies of problem-solving is rather small and training often short,

students were explicitly instructed to effectively organise information (Dunn & Taylor, 1990;

Eylon & Linn, 1988).

2.5.3.2 Science reading and schema-theoretic notions

Most interactional theories of reading (wherein comprehension is seen as an interaction

between the processing of the text and the use of the readers' experiences and expectancies),

are based on the most prevalent interactive processing model, schema theory (Beers, 1987).

Schema theory is a prototype theory of meaning; that is, inasmuch as a schema

representing a concept instantiates our understanding of that concept, our understanding is in

terms of the typical or normal situations or events corresponding to that concept. According

to current views,

Schemata are used to classify information to allow you to know what to expect and
how to act; we are able to generalize schema knowledge and scripts from one
specification to another; we're able to predict specifics within a schema so that we
enter both known and new situations with a set of assumptions and expectations that
guide our behaviour (Ruddell, 1993:19/20).

And,
The process of comprehension is very much like the process of constructing a theory,
testing it against the data currently available, and as more data becomes [sic]
available, specifying the theory further - i.e. refining the default values ... If the
account becomes sufficiently strained, it is given up, and a new one is constructed, or
alternatively, if a new theory presents itselfwhich obviously gives a more cogent
account, the old one can be dropped and the new one accepted ... these theories are of
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The schema-theoretic view of learning is appealing to many cognitive scientists since it

course schemata (Rumelhart, 1984:7).

has empirical support and has several advantages as a model of conceptual knowledge, such as

its flexibility (Beers, 1987). However, it has been criticised for its generality and vagueness, its

lack of a consistent definition, its roots in idealist epistemology, mixed empirical support, and

especially for the (information-processing) metaphors implicit in these models (e.g. Beers,

1987; Iran-Nejad, 1987; Sadoski et al., 1991).

One particularly critical argument against schema theory, is that it is apparently plagued

by a theoretical paradox (Bereiter, 1985; Carey, 1986; Pascual-Leone, 1980; Shuell, 1986).

According to proponents of this view, the paradox applies to situations where learners must

grasp concepts or procedures more complex than those that they already have available for

application. Pascual-Leone (1980) thus states, "... the paradox is that if one tries to account

for learning by means of mental actions carried out by the learner, then it is necessary to

attribute to the learner a prior cognitive structure that is as advanced or as complex as the one

to be acquired." Bereiter (1985) argues that it does not seem possible for a simple self-

generating system to become more complex without some extemalladder or rope to climb on,

which presumably does not exist. The learning paradox he posits

descends with full force on those kinds of learning that extend the range and
complexity of relationships that people are able to take into account of in their
thoughts and action - the kind of learning that leads to understanding core concepts of
a discipline, mastering more powerful intellectual tools, and being able to use
knowledge critically and creatively (p.202).
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According to Kieras (1985), this suggests that comprehending technical and scientific

To understand text ... one must relate it to schemata for understanding the world But
the goal of science teaching is imparting new schemata for understanding, schemata
not yet in the student's repertoire. So how is the student to understand the texts and
lessons that impart the new information? (p.1123).

prose is not primarily a matter of matching the content to a previously known pattern, but

rather involves dealing with the passage content at the level of the individual propositions

conveying the content. He suggests that once the reader has these propositions internally

represented, he or she may go on to add inferred propositions to them, organise them into

some more meaningful form, and delete and modify them. Such processes are much more

"bottom-up" than the strongly "top-down" processing represented by the use of a schema. It

seems as if there is currently no adequate cognitive theory to explain how new and more

complex cognitive procedures are acquired.

2.5.3.3 Procedural skills

'Knowing how' in science learning and reading is as important as 'knowing what' (White,

1988). 'Knowing how' involves intellectual procedural skills that are central to understanding

text (Alexander & Kulikowich, 1994), and understanding in the science disciplines (Eylon &

Linn, 1988).

Researchers have often characterised the difference between expert problem-solvers

and novices in the hope that techniques can be developed to teach novices suitable procedural

skills that will help them to make the transition from novice to expert. Many researchers view

procedural skills to involve three types of skills: general skills, specific skills, as well as

metacognitive skills (ability to momtor understanding and taking appropriate strategic action).

Some view these skills as strongly interrelated with blurred borders between them (Eylon &
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Linn, 1988).

There is, however, an ongoing debate among researchers regarding whether problem-

solving skills are general or specific. In their review of the history of arguments for the strong

specialist position and the strong generalist position, Perkins and Salomon (1989) suggest that

each camp has oversimplified the interaction between general strategic and specialised domain

knowledge. They point out that advocacy of general cognitive skills overlooked the

importance of assimilating a rich knowledge base, took it for granted that general heuristics (a

suggestion or strategy that facilitates problem-solving) would make ready contact with a

person's knowledge base, and had little concern about transfer. Many researchers (e.g. Linn

1986; Roth, 1994; Schon, 1983) argue that logical reasoning is inextricably bound to subject

matter and context of the scientific problem

The view that cognitive skills are context bound, however, also has some weak spots in

neglecting how general heuristics help when experts face atypical problems in a domain, how

general heuristics function in contextualised ways to access and deploy domain-specific

knowledge, and how lack of conditions needed for transfer, rather than domain-specificity, is

to be blamed for many cases offailure of transfer (Perkins & Salomon, 1989). These results

point to a close partnership between general and specialised knowledge.

Procedural skills general to many problems include skills such as planning, testing and

reformulating. Planning is the ability to select and order the knowledge necessary for solving a

problem When larger domains of knowledge have to be accessed, effective planning

procedures are needed for selecting the appropriate information. Researchers such as Larkin

(1983) have modelled the problem-solving procedures used by experts and novices, and argued

that experts plan major features of a solution and evaluate its feasibility before implementing

the details. Good problem-solvers have effective planning skills and gains in planning involve
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gains in ability to select the proper approach for a problem solution. Novices often plunge

ahead rather than plan (Dalbey et al., 1986). Since novices lack knowledge of how to plan, it

is not sufficient to encourage them to plan. They need heuristics for solving problems and the

effective organisation of domain-specific knowledge (Eylon & Linn, 1988).

Research on medical problem-solving (cf Clancey, 1984) also stresses the centrality of

planning, and the necessity to engage in testing (determining whether the plan is effective), and .

data acquisition. Clancey (1984) posits that" ... weak postulates between observed data and

bottom line conclusions" drive problem-solving. He suggests that problem-solvers engage in

testing and data acquisition until they are satisfied with their plan for solving the problem He

also argues that, after a diagnosis has been hypothesised, a large body of subject-matter

knowledge is used to test whether the diagnosis is correct. This is similar to the way chess

experts are thought to have a repertoire ofpatterns which they use to determine a few

alternative chess moves. The chess experts then use their subject-matter knowledge to test

these moves more thoroughly. Good problem-solvers thus appear to have both the ability and

inclination to test initial problem-solutions. Testing allows them to discard poor ideas and to

pursue good ones (Eylon & Linn, 1988; Ryan, 1987).

Expert problem-solvers use information gained through testing to reformulate or

modify a plan. Clement (1983), examined the procedural skills of experts solving problems in

their area of scientific expertise and in an unfamiliar area. He too found that experts spend a

lot of time in testing the validity of their ideas. Experts are very likely to pursue an analogy for

a while, discover its weakness, and seek a new analogy using procedural skills of testing and

reformulation in light of available options. In this way experts progressively come closer to

problem solutions. In contrast novices often lack a plan and fail to generate alternatives

(probably because they cannot determine any ahernative). According to Eylon and Linn
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as they become better problem-solvers, individuals integrate their ideas appropriately,
eliminate irrelevant information, and develop groups of linked ideas that they expect
to use simultaneously. These groups of linked ideas ... become subject matter specific
procedures. This is one way that students develop deep knowledge of a topic (p.277).

(1988),

Although all skill types are crucial, meta cognition plays a particularly important role in

science text comprehension (Casanave, 1988; Glynn &Muth, 1994) and problem-solving

(Brown, 1983; Brown et al., 1984; Linn, 1986). Metacognition, according to Yore et al.

(1993), "... involves setting goals for what one wants to learn from the text, identifying

strategies to help one achieve those goals, and also involves checking one's goals during text

reading to ensure that they are being met and, if they are not, taking remedial action" (p.1).

According to Baker & Brown (1984), comprehension monitoring in the context of reading,

include the ability to a) clarify purposes of reading; b) identify the main idea of the text; c)

focus on major content ideas rather than trivia; d) monitor activities to determine whether

comprehension is occurring; e) check whether goals are being achieved; and f) take corrective

action when failure in comprehension is detected.

Skilled reading thus demands metareasoning skills (capacity to reason about one's own

reasoning) (Glynn & Muth, 1994; Shuell, 1986). Experts appear to develop skills in

metareasoning, or the ability to plan their problem-solving approach as the result of experience

(Linn et al., 1991). For this reason, the development of meta reasoning skills in planning

problem solutions and testing the effectiveness of possible solutions, have been suggested to

offer promise as an objective of science education (Eylon & Linn, 1988). However, much of

this knowledge is tacit - experts have difficulty descnbing their own planning processes

(Champagne & Bunce, 1991).

In summary, expert performance in problem-solving includes: a) the use of strategies
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which are more domain-dependent, forward-working and knowledge-producing; b) the initial

devotion to qualitative analysis, including the development of representations of the problem at

both empirical and theoretical levels; c) the application of discipline-dependent principles as

part of the problem-solving method; and d) the hierarchical knowledge structuring of

knowledge. Novices on the other hand, a) access principles sequentially in an unplanned

manner; b) take a formula approach to solving problems; and c) use general heuristics that are

applicable to a wide range of problems, particularly means-end analysis and working

backwards (Stewart & Van Kirk, 1990). The procedures for problem-solving that students

develop on their own from typical instruction are thus often inadequate and instructional effort

in laboratory and realistic settings is necessary to improve problem-solving skills.

Unfortunately, currently instructional studies in problem-solving are considered to be limited

and training is often too short to be effective (Eylon & Linn, 1988).

2.5.4 Competing forms of knowledge and conceptual change

For a long time teachers have assumed that students arrive at the classroom knowing nothing:

the "tabula rasa" assumption (Mintzes, 1984). Rather, students develop views about the

natural world, meaning for words used in science, and explanations for how and why things

behave as they do, long before they are formally taught science (Gariel & Idar, 1985). The

views of students have gone by many names, including "students' alternative frameworks",

"misconceptions", "naive understandings", and many other labels (Duit, 1991). The term

"alternative conceptions" has gained favour because it does not have the pejorative

connotations of the others (Stewart & Van Kirk, 1990). Regardless of the label, research

findings demonstrate that alternative conceptions have major implications for science teaching.

While it is generally agreed that existing knowledge has a significant influence on the
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construction of new knowledge in science and in reading, one feature that has been emphasised

about it is that meaning which is constructed by students from what they see or hear mayor

may not be that which is intended (Driver & Bell, 1986; Novak, 1988). As students are

presented with formal science they come across concepts that are in conflict with their intuitive

ideas of the world. According to Cleminson ( 1990) "... students are frequently unable to relate

the scientific statements they are given, either to their perception of the world or to their own

mental constructions of how and why things behave as they do" (p. 440/1). This author

suggests that it is not students' lack of prior knowledge that makes science learning so difficult,

but rather the conflict between their alternative conceptions and the formal ideas presented in

science classes.

One possible outcome of this conflict is that students store in their memory two

meanings for the same idea: one that is used for science and one they find plausible for

everyday living. Science thus remains "unreal". Another possibility is that their ideas become

less congruent with the way science is taught. Thus the direction of students' learning may be

entirely different from that anticipated by the teacher. One way in which students avoid

problems associated with alternative conceptions is to learn new materials by rote, and

according to Novak (1988) they are often rewarded in examinations for such learning with

high marks.

Empirical studies oflearning in many different domains indicate that students begin

their study of science with strongly held conceptions about some phenomena, conflicting ideas

about similar phenomena, and little knowledge of other phenomena (Eylon & Linn, 1988; Krist

et al., 1993). Inparticular, many studies suggest that students' conceptions of scientific

phenomena rarely correspond to those of expert scientists or those in the textbooks they

presumably studied (Alexander, 1992; Alexander & Kulikowich, 1994; Eylon & Linn, 1988).
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Often real world views and experiences appear to even prevent the acquisition offormal

knowledge.

Researchers agree that although conceptual change is desirable in science education it

is not an easily attainable goal (Novak, 1988; Pfundt & Duit, 1994). Knowledge of students'

conceptions is not enough to bring about conceptual change (Siegler, 1985). However, it

seems important that teachers should be aware that the task oflearning from science text, in

particular, seems to present an opportunity for competition among knowledge forms not

evidenced in most text-processing tasks (Alexander & Kulikowich, 1994).

2.5.4.1 Students' conceptions of scientific phenomena

Findings from research on alternative conceptions demonstrate the following general features

about students' conceptions. Students' conceptions occur in many subject areas, they are

consistent over a wide range of students, with regard to both age and geography, and they

differ from that of experts (Eylon & Linn, 1988; Pfundt & Duit, 1994; Stewart & Van Kirk,

1990). According to Eylon & Linn (1988), in general, students a) use scientific terms

imprecisely, b) develop a reasonably sound descriptive world view based on observed events,

c) acquire limited or incorrect views of causal relationships, d) view scientific phenomena in

isolation, and e) come to assume that science is memorised, not understood.

Perkins and Simmons (1988) posit that there are strong similarities in students'

misunderstandings across the domains of physics, maths, programming and perhaps some other

subjects as well. Patterns of misunderstanding often manifest themselves in the solving of

physics problems by rote equation cranking, and in mathematics problem-solving it is seen in

the attention given to surface similarities of problems. Schoenfeld (1985) noted how students

perform meaningless calculations on a problem, with no attention paid to whether ot not the
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particular approach is justified or to the progress being made. Resnick (1989) reports the

inclination of students in mathematics to attend to formal notations and rules for manipulating

them without relating the rules to the semantics of the notations. This results in the

formulation of "malrules" . In computer programming too, Perkins and Simmons (1988) report

that "'template-bound' coding with no apparent accompanying attention to the underlying

mechanisms of the primitives prevails." They also point out a further problem exhibited by

physics students - the phenomenon of anthropomorphism or animism.

Students also often hold inconsistent or even contradictory ideas because of keeping

their knowledge chunks isolated. The absence of appropriate links or incorrect links made

between concepts may be caused by failure of teachers to emphasise such relationship s, and

textbooks which feature dense descriptions of complex phenomena. Such contradictions can

be eliminated if students link their ideas. At the same time more powerful and robust ideas can

be created (Eylon & Linn, 1988).

A major problem with alternative conceptions that students have is that they "anchor"

new related learning and usually the alternative conceptions only become more convoluted and

elaborated, but not eliminated. Students' prior knowledge is thus both an asset (as argued in

Section 2.5.3.1) and a liability for subsequent learning (Novak, 1988).

Ofparticular relevance to interventionists is the phenomenon that there is a strong

tendency for students to maintain their alternative frameworks even after formal instruction

(Gariel & Idar, 1985; Novak, 1988). According to Resnick (1989), alternative conceptions are

found among college students even after instruction and are likely to persist into adulthood

unless successful interventions are employed. The resistance of students to change their

conceptions has motivated researchers to question how students can be encouraged to give up

these alternative ideas.
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Four conditions have been postulated for conceptual change to occur: a) the alternative

Much of the work on alternative conceptions, however, resulted in extensive

catalogues of commonly held misconceptions in areas such as genetics (Fisher, 1985); physics

(Gariel & Idar, 1985); ecology (Adeniyi, 1985); physiology, biology, and anatomy (Mintzes,

1984); and physics, maths, and computer programming (Driver & Bell, 1986; Eylon & Linn,

1988; Perkins & Simmons, 1988). Misconceptions regarding science terminology have been

especially well documented (Adeniyi, 1985; Fisher, 1985). Such catalogues unfortunately do

not inform much on possibilities for conceptual change.

conception must appear inadequate to solve an existing problem, and the new concept must

appear b) understandable, c) useful in solving the problem at hand, and d) useful in solving

future problems (Hynd et al, 1994). Attempts to change students' ideas include several

approaches. These include the encouragement of coherent understanding while anticipating

and counteracting likely alternative conceptions, the use of contradiction, and the use of

multiple conceptions (CL Eylon & Linn, 1988; Heinemann & Idar, 1985).

It has also been emphasised that formal knowledge usually suffers in cases where a

discrepancy between students and new material exists, unless there is careful monitoring by

themselves or others. Alexander and Kulikowich (1994) have stressed the importance of

students' metacognitive awareness in addressing alternative conceptions:

Before learners can take action to modify their mis-understandings, they must be
aware of the discrepancies or limitations of that knowledge. Yet, the power or general
utility of out-of school knowledge, combined with the failure of instruction to confront
it, makes it unlikely that students will become metacognitively aware and will execute
the strategies required to remedy the situation (p.899).
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Students' conceptions can develop before, during and after instruction (Eylon & Linn, 1988),

2.5.4.2 Origins of conceptions

and various researchers have offered suggestions to explain the origin of students' conceptions.

Fisher (1985), in an attempt to understand the underlying cognitive mechanism(s) in

understanding the amino acid translation process, identified four underlying causes which

contribute to error in students' understanding: strong word association, confusion generated by

familiar and unfamiliar levels of generality, role conflict, and lack ·of related knowledge.

According to Eylon & Linn (1988), conceptions may arise from the following: a)

students' observations of the natural world. The latter is uninformative about the underlying

mechanisms that govern natural events. Learners intuitively develop ideas, concepts and

theories to interpret the world. Science, however, according to Einstein and Infeld (1938),

is not just a collection of laws, catalogues offacts, it is the creation of the human
mind with its freely invented laws and concepts. Physical laws try to form a picture of
reality and to establish its connections with the wide world of the sense impressions
(In Cleminson, 1990:440);

b) The natural use of language may cause confusion and result inaltemative conceptions. The

problem of "paradoxical jargon" was alluded to earlier. It results in students overgeneralising

the meanings of scientific terms by drawing on colloquial connotations;

c) Modes and sequence of presenting information during instruction. For example, students

often fail to differentiate between the behaviour of single molecules and the interaction of many

molecules in trying to explain chemical structures or processes. The tendency of teachers and

textbooks that continually use and present models of single molecules reinforce students'

alternative conceptions.

Another explanation is that alternative conceptions may result, in part, because the
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that which people can understand through their perceptual, concrete experiences. Inphysics,

for instance, Anzai (1991) noted that certain physics concepts do not always have concrete

counterparts in the perceptual world that can facilitate students' understanding.

Perkins and Simmons (1988) presented an integrative model of misunderstandings in

which they posit four levels or frames of knowledge - content, problem-solving, epistemie and

inquiry. Many cognitive activities deploy knowledge from two or more frames. Real

understanding, according to these authors, consists of a web of relationships between the

frames. They thus argue that real understanding has causes at multiple levels, with highly

domain-specific causes predominantly at the "content" level and somewhat more general

causes at the other levels. Evading the typical misunderstandings of the content of a domain in

any real sense requires the kinds of higher-order sophistication represented by the non-content

frames. According to these authors, failure to recognise this web of interrelationships leads to

instruction that allows and even exacerbates the naive and ritual patterns of misunderstanding.

2.6 SUMMARY AND IMPLICATIONS FOR THIS STUDY

This review of the literature shows that the reading of science text poses special challenges to

students faced with this unfamiliar genre. The process of reading for science learning has,

however, as far as could be established from bibliographic searches in the United States of

America and South Africa, received little attention. What did come to light was that research

relevant to scientific reading comprehension has evolved in a parallel fashion in different areas

with little cross-fertilisation ofideas between these areas. Domain-specific science reading in

particular, is a greatly neglected area of research.

It is apparent from the literature that Ausube1's (1968) dictum ("The most important

factor influenciIig learning is what the learner already knows. Ascertain this and teach him
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accordingly." p.vi), underlies most research programmes in science education (Cleminson,

1990~Pfundt &Duit, 1994). It has been argued (Freyberg & Osborne, 1985) that this

statement is ambiguous in that it has been used to support theories oflearning in two distinct

and prominent research programmes in science education, viz. "The Piagetian School" and

"The Alternative Conceptions Movement". While there is currently debate with adherents of

each group claiming hegemony, many pedagogical approaches that describe themselves as

constructivist share a common heritage in Piaget's theory (Carey, 1986). Nowhere is it more

true than in science education where constructivism is being increasingly appropriated by

science educators as the basis for research and curricular recommendation (O'Loughlin, 1992).

An important basic tenet in science education currently is that the effect of education

crucially depends on the initial state of the novice. Ofparticular concern is the student's prior

knowledge, abilities and conceptions. This basic tenet of science education is shared by

theories on reading comprehension which acknowledge the powerful role of prior knowledge.

Both reading and science learning focus on the construction of meaning. Reading and

science learning activities involve the interaction between prior knowledge, concurrent

experience, and information accessed from text and other sources in a specific social context.

This information is then assimilated into knowledge structures retrieved from LTM and

semantic memories or by accommodating discrepant information by reorganising their

knowledge structures while monitoring, strategically planning, and regulating the global

meaning-making process. These sophisticated cognitive abilities are hallmarks of skilled

reading and scientific comprehension.

Review of the literature shows that text, the reader, and the environment contribute a

vast array of variables that impact on science reading comprehension. Most significant is that

text variables frequently impede comprehension, and that students are not equipped to cope
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with text, and more seriously, may not even be aware of their own inabilities. Regular

curricula do not address problems associated with science reading and students have to cope

with their texts in an incidental fashion. Given the heavy reliance of students on text, the

extensive cognitive demands of science text, and the difficulties students experience, it

becomes important to explicitly address the problem of students' access to science text.

Although text-based factors are important variables in the comprehension process,

there has been limited success with improving students' text (cf Wesso, 1992). It is also not

clear how improvement of textbooks, for instance, can prepare students to better cope with

more sophisticated writing, or with expository texts in other subject areas where texts have

remained unaltered. If students' textbooks represent a problem, it may be reasonable to

assume that the development of problem-solving abilities specifically directed at reading to

learn from science texts, may bring them closer to accessing science information.

Studies on conceptual change in physiology and learning from physiology texts are very

few. Considering that physiology can be viewed as a derived biological science, and the fact

that extensive problems associated with biology texts have been documented, it can be

anticipated that the discipline of physiology may have similar problems. Comments such as "In

general students do not come away from their texts with a grounding in the basic concepts in

physiology" (Malvin, 1990) indicate students' inability to process physiology texts. A recent

study by Wesso (1992) has provided evidence that students have major difficulties in learning

from physiology text.

One difficulty in learning physiology which has been reported, and which seems to be

generic, is that of understanding physiological interactions among organ systems of the body.

Unlike in anatomy where relationships may be described as hierarchical or "vertical" (body-

system-organ-tissue-cell), physiological relationships are considered to be more typically
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propositional or "horizontal" (Cliburn, 1987). Even though teachers and textbooks often use

themes such as homeostasis to provide some integrative continuity, the fact is that tradition

and logistics usually dictate a system-by-system approach to course sequencing that

encourages conceptual compartmentalisation by students. This is an example of how both

teachers and text may fail to assist students in appropriate concept acquisition and conceptual

change in the discipline of physiology. Without understanding the interactions of concepts in

physiology, no deep understanding of physiology can occur.

From a cognitive perspective, students' observable intellectual performance can be

attributed to their underlying thought processes and knowledge (ReU: 1987). Accordingly, the

mental processes involved in comprehending scientific concepts from text and the cognitive

processes which the student brings to the learning environment become highly relevant to

efforts to improve cognitive skills for science reading.

Further, there is currently extensive evidence that effective and efficient thinking is

domain-specific, and that reading can only be meaningful within a particular context. Current

descriptions of cognitive behaviour associated with problem-solving and models of problem-

solving often lack specificity to particular content domains and problem-solving skills. Thus, in

order to avoid the dichotomy between reading content and the teaching of reading and thinking

skills, this investigation will be executed within the content domain of physiology.

Recently, there has been an increased interest taken in analysing students' performance

and thinking abilities in terms of the cognitive processes involved in performing a task. This

led to an approach which emphasises the cognitive operations within the content that is to be

acquired. The approach centres on the acquisition of content by the learner by virtue of the

thinking skills intrinsic to the content itself Significant improvements have been observed in

the results of educationally disadvantaged physics students who received instruction based on
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an analysis of content for cognitive demand (Mehl, 1989), and in a study by Wesso (1992), an

intervention based on the same principles improved the reading and thinking strategies of

second year physiology students.

In this study, domain-specific science text as found in tertiary level physiology

textbooks, will serve as material for investigation. The focus will be on the interface between

the physiology text, the physiology reader and the task of reading to understand physiology. In

this endeavour, certain fimdamental questions need to be addressed in orderto produce a

systematic analysis of intervention possibilities.

2.7 KEY QUESTIONS AND RESEARCH APPROACH OF THE STUDY

The following represent the main questions of the study and how they will be approached in

the next sections.

(i) What are the demands of physiology text on the cognitive processing abilities of

students as they read to gain conceptual understanding of physiology?

This question demands an analysis of text as it appears in the most commonly used form - the

pre-graduate physiology textbook. Texts will be analysed in terms of the particular reading,

thinking and problem-solving processes needed to understand text. In this regard a suitable

taxonomy of cognitive abilities must be identified and an appropriate procedure of analysis be

developed.

(ii) What is the cognitive make-up of tertiary students regarding the processing of

physiology text before intervention?

In order to allow a meaningful comparison between the task and the student, students will have

to be analysed for the cognitive processes they have available and apply as they interact with
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(iii) How do the readers match the physiology text material in terms of reading-specific

cognitive abilities, and at which areas must intervention thus be aimed?

The data obtained from (i) and (ii) will allow suitable comparisons between task and reader,

and facilitate the identification of those specific cognitive abilities which students need and

perhaps may not possess to understand and learn from physiology text.

physiology text. Think-aloud protocols taken while students read and process written material

may provide the necessary insights into their underlying mental processes. A meaningful

.comparison between task and readers further demands that these readers' protocols be

subjected to analyses within the same framework as that devised for task analysis.

(iv) How should intervention be designed to optimally effect an appropriate cognitive

match between student and physiology text material?

The development of instructional procedures needs to be based on sound principles of

instructional design. Several approaches to the instruction in complex skills, cognitive

processes and operations are currently employed. These need to be evaluated and possibly

adapted to meet certain criteria of which one of the more important is that the interventions

must be executed in a subject-specific manner. This should allow for the simultaneous

acquisition of subject knowledge and of thinking abilities.

This study will utilise the information processing paradigm (see Section 3.1) as a common

denominator to represent task demands, learner aptitudes and models to depict the selection

and design of instructional materials aimed at improving cognition through reading

intervention.
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CHAPTER 3

INVESTIGATING THE COGNITIVE REQUIREMENTS FOR READING

TO LEARN PHYSIOLOGY: AN INSTRUMENT

3.1 INTRODUCTION

Science education has, until recently, been dominated by two research traditions which

have influenced research on learning and problem-solving. a) Piagetian researchers (e.g. Case,

1987; Lawson, 1985; Pascual-Leone, 1980) argue that the developmental stage of students can

be used to account for their success or failure with particular science content. b) Researchers

using the work of Ausubel (Driver & Bell, 1986; Novak, 1988) argue that prior knowledge is

the most important factor in learning science content as well as using that knowledge to solve

problems.

Although research in each of these traditions has produced interesting resuhs, and are

continually being used in instructional programmes in the sciences, it does not examine the

relationship between students' conceptual knowledge and problem-solving strategies (Stewart,

1982). Inparticular, it does not inform on how science educators can help students to acquire

the cognitive functions (thought processes) needed for scientific activities such as reading to

learn.

A third research tradition, cognitive science, treats the relationship between conceptual

knowledge and problem-solving, and emphasises that the learning of science arid problem-

solving involve a process of construction and reconstruction of personal theories and models
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(Glynn et a1., 1991). To do this the learner needs abilities to carry out cognitive processes

appropriate to the learning or problem-solving situation (Lidz, 1987; Nickerson, et a1., 1985;

Sternberg, 1987). Cognitive science especially offers new perspectives which allow

researchers to probe the underlying mental processes involved in conceptual understanding and

problem-solving. These new perspectives contribute profoundly to current views (cf. ReU:

1990) that effective instructional design should focus central attention on the student

interacting with subject matter. Consequently, it then becomes necessary to understand the

student, the subject matter or task, and the interaction between them.

Since the early 1970s, one strand of research into students' learning and problem-

solving difficulties in science concentrated on the notion that many key concepts in the science

curriculum make demands on learners' cognitive processing capabilities which they cannot

meet (Adey, 1988). Investigators argue that when students do not meet the processing

demands of the subject, instruction should take into account the cognitive profile oflearners

and be directed at increasing their level of thinking to approach the demands of the learning

task (Adey, 1988; Adey & Shayer, 1990). As a result, an approach which emphasises the

cognitive operations within the content that is to be acquired is currently advocated. The

approach centres on the acquisition of content by the learner by virtue of the thinking skills

intrinsic to the content itself(Mehl, 1989; 1994).

Until recently, little interventionist progress has been made to develop learners'

cognitive processing abilities to meet the demands of science learning tasks. However,

educationally disadvantaged physics students who received instruction based on an analysis of

content for cognitive demand showed significant improvements in their intellectual .

performance (Mehl, 1985, 1994). Reading and thinking improvement by intervention, based

on the same approach, has also been reported in tertiary students in botany and physiology
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(Bolofo, 1990; Wesso, 1992).

The aim of this chapter is to investigate to what extent students' cognitive abilities meet

the cognitive requirements of the task ofleaming physiological concepts from text. More

specifically, this chapter aims to answer the following questions:

a) What are the students' behaviour, capabilities, knowledge and underlying thought

processes that they bring to the reading to learn situation before they are exposed to

subject-specific reading to learn instructions?

b) What are the behaviour, capabilities, knowledge and underlying thought processes

that the students need, as demanded by the text, to achieve scientific understanding?

The results generated in this chapter will provide information regarding students'

cognitive strengths and weaknesses as they relate to the cognitive requirements ofleaming

from physiology text. This outcome will be used as basis for instructional design aimed at

teaching those thinking skills required in processing physiological text for conceptual

understanding.

In order to conduct an assessment of subjects, as in this study, it is necessary to observe and

analyse their performance and derive hypotheses about their cognitive abilities (Lidz, 1987;

ReU: 1990). In the same wayan assessment of text is required. It is therefore a prerequisite of

the assessment to have a coherent notion of the cognitive abilities expected to be involved in

the solution of the tasks selected, as well as a working list of possible cognitive abilities.

Feuerstein and his colleagues (1980, 1986) have provided the most explicit listing and

description of such cognitive abilities, based on an input-elaboration-output model of the

mental act derived from the information-processing paradigm (Shayer & Beasley, 1987;

Sternberg, 1986).
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Although several lists which can be used for cognitive task analysis are available (cf

Nickerson et al., 1985), Feuerstein's work is of particular relevance and of import to this study

for several reasons:

a) Although Feuerstein's theory is rather eclectic (he draws from social psychology,

psychometrics and Piaget) (Shayer & Beasley, 1987), his list of cognitive functions is described

and emphasised within the information-processing paradigm (Sternberg, 1986) which also

guides this study;

b) The list has been used in the evaluation of subjects who were subsequently subjected to the

Instrumental Enrichment intervention. The latter (a programme for improving thinking) has

been extensively tested, revised, evaluated and applied in different kinds of settings in

international programmes (cf Blagg, 1991; Bradley, 1983; Haywood et al., 1982; Sternberg,

1987);

c) The list provides for and accommodates a wide range of factors which affect cognitive

performance, such as metacognitive awareness, motivation, cognitive style, disposition, etc.

(Lidz, 1987; Sternberg, 1986); and

d) Feuerstein's model, centred on potentially deficient cognitive functions, has been widely

recognised and acclaimed as an exemplary model to improve cognition, and as such has been

subjected to empirical scrutiny (cf Savell et al., 1986; Shayer & Beasley, 1987).

Although Feuerstein and coworkers have analysed readers in terms of this model

(Feuerstein, 19951), his work, as far as could be established, has not been extensively applied

to reading comprehension. It is significant however, that in studies by Bolofo (1990) and

Wesso (1992), the inventory of cognitive functions was used successfully in evaluating

Feuerstein, 1995 (personal communication).
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students' reading and thinking skills.

Although some aspects of Feuerstein's model are considered incomplete and imprecise

(Blagg, 1991), and suffer the limitation of not teaching for transfer (unacceptable to the basic

premises of this study) it is extremely useful to understand individuals' learning problems and

identifying possible starting points for intervention In order to contextualise and validate the

use of Feuerstein's inventory of cognitive functions in this study, it is necessary to provide a

brief review of Feuerstein's theory. (Extensive accounts of Feuerstein's work can be found in

Feuerstein & Feuerstein, 1994; Feuerstein et al., 1979, 1980, 1986; and Nickerson et al.,

1985).

3.2 FEUERSTEIN'S MODEL OF COGNITIVE FUNCTIONS AS USEFUL

PARADIGM FOR ANALYSING LEARNERS AND TEXT

Feuerstein et al (1980, 1986) identified and descnbed several cognitive functions which they

consider as prerequisites for thinking. These form an integral part of the Instrumental

Enrichment programme which has been singled out by Sternberg (1983), and Bruner (In Hall,

1989) as an exemplary programme for improving intellectual functioning. The basis of this

programme is described as follows by Feuerstein et al. (1979):

The construction of the Instrumental Enrichment program was contingent upon the
development of a conceptual link between the theory of the absence of mediated
learning experience as a cause and retarded cognitive performance as an effect. This
necessitated, on the one hand, an analysis of the processes and structures constituting
"mental acts", and on the other, an appreciation of the deficient functions responsible
for impeding the execution of the acts (p.540).

For purposes of contextualising the cognitive functions as described by Feuerstein, a

brief review will be given of his sociological concept of "mediational deprivation", and

psychological aspects ofhis work based on a framework of cognition.
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3.2.1 Mediated learning experience (MLE): An interactionist theory of learning

Feuerstein et al. (1980, 1986) reject the notion of immutable inborn abilities as the primary

determinants of intellectual performance. They propose an "open-system" view of human

organisms and their receptivity to change and modification in particular. Feuerstein et al.

(1980) believe that IQ is of limited usefulness to educators who are interested in producing

cognitive change because it gives no clue to the processes that determine the level of an

individual's performance relative to that of other individuals within a normally distributed

population. What is needed, according to these authors, is an indication of the individual's

potential for learning.

In order to provide such an indication, Feuerstein and co-workers (1980) developed an

evaluation instrument - the Learning Potential Assessment Device (LPAD). A fundamental

idea underlying Feuerstein et al.'s approach to assessment is to measure not so much the

current level of the individual's intellectual developmental but herlhis susceptibility to change-

the degree to which the cognitive characteristics can change. An important objective of

assessment in Feuerstein et al.'s view is that of diagnosis. That is the assessment instrument

should do more than indicate the individual's level of performance - it should reveal why the

individual performs at a particular level. It should provide some specific information about the

cognitive processes involved and give some guidance regarding the kinds of instruction that

would be most likely to increase that level. This presupposes a theory that identifies the

processes involved in cognitive performance.

Feuerstein et al. use the "cognitive map" as a model of cognition that characterises

seven aspects ("dimensions") in terms of which a mental act may be described. This will be

discussed in Section 3.2.2.

A key concept in Feuerstein et al.'s programme, is that of "structural cognitive
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modifiability" (Feuerstein & Feuerstein, 1994; Feuerstein et al., 1986). These authors are

concerned with "not merely the remediation of specific behaviours and skills but at changes of

a structural nature that alter the course and direction of cognitive development" (Burden,

1987:4). Structural changes are contrasted with changes that occur as a result of maturation

or the learning of specific skills; they are viewed as changes in the individual's characteristic

ways of dealing with information (Nickerson et al., 1985).

Low achievers, in Feuerstein's view, are those whose degree of modifiability is low.

They do not readily learn as a result of direct exposure to stimuli. A key assumption of

Feuerstein's approach is that low modifiability is itself modifiable; it can be remediated by

appropriate training. Further, Feuerstein's notion of structural cognitive modifiability is also

based upon an interactionist theory oflearning referred to as mediated learning. Feuerstein's

theory is basically a theory of cognitive development (Savell et al., 1986), and the key

construct of this theory is what Feuerstein calls a "mediated learning experience" (MLE). The

basic assumption of the theory is that individuals' level of cognitive functioning is linked to the

quantity and quality of the MLE they have received.

According to Feuerstein the development of cognitive structure in an organism can be

viewed as a product of two kinds of interaction between the organism and its environment.

The first and most common kind is direct exposure to stimuli from the environment. This

exposure produces changes in the organism that affect its behavioural repertoire and its

cognitive orientation; these changes in turn affect its interaction with the environment. The

second kind, which is by far less common, is learning experience mediated by an agent.

Although both types of interactions are considered to be essential, differences among levels of

cognitive development are attributed largely to differences in MLE.
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a quality of interaction between organism and its environment. This quality is ensured
by the interposition of an initiated, intentional human being who mediates the stimuli
impinging on the organism. This mode of interacting is parallel to and qualitatively
different from the more generalized and more pervasive modality of interaction
between world and organism referred to as "direct exposure to stimuli" (p.7).

Feuerstein and Feuerstein (1994) define MLE as

Their detailed elaboration ofMLE forms the heart of their developmental view of the ontogeny

of human learning (Feuerstein et al., 1986). In Feuerstein's system, a mediator (usually the

mother) fosters the growth of intelligence in early childhood. The mediator's role is to filter,

frame, schedule, order, interpret and he1p to anticipate the various facets of experience as they

impinge on the growing child, and affects the cognitive structure of the child. As a result, "...

the child acquires behaviour patterns and learning sets, which in tum become important

ingredients ofhis capacity to become modified through direct exposure to stimuli" (Feuerstein

et al, 1980: 16). A great deal of Feuerstein's work has been geared towards an explication of

the necessary and sufficient conditions under which mediated learning occurs. At the same

time, a number of important determinants of a lack ofMLE has also been identified (Burden,

1987).

Mediated experiences are of two types:

a) Those that involve the transmission of information, values and attitudes (information that

could only be obtained from other human beings); and

b) experiences that are aimed at making the individual better able to learn from direct

exposure to stimuli.

Absence ot: or inadequate MLE, is alleged to give rise to anyone or a combination of a

number of deficient cognitive fimctions. These deficient fimctions are categorised within the

"phase" aspect ofa so-called "cognitive map".
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3.2.2 The cognitivemap

Feuerstein has a seven-parameter model of the intellectual act, called the cognitive map (from

which three appear to be testable) (Shayer & Beasley, 1987), by which a mental act can be

analysed, categorised and ordered. These parameters include: content (subject matter upon

which thinking is operating); operation (a set of mental processes/actions by which information

is elaborated upon); modality (the symbol system in which a given act of thinking takes place,

e.g. numerical, figurative, pictorial, verbal and a combination of these); phase (input,

elaboration, or output); level of complexity (quantity and quality of units of information

necessary to produce a given mental act); level of abstraction (the distance between a mental

act or operation and the object or event on which it operates); and level of efficiency (how

efficaciously a given mental act is performed) (Sternberg, 1985).

The cognitive functions are distinguished on the basis of their relation to the three

phases of input, elaboration and output. The difficulties experienced by a given individual may

however involve any constellation of the parameters of the cognitive map (Feuerstein et al.,

1980).

3.2.3 Cognitive functions as prerequisites for thinking

At the centre of Feuerstein's theory is his listing of an array of cognitive functions subject to

impairment (see Appendix B). The implication is that in low functioning individuals there is a

lack or failure to use a prerequisite function, skill or strategy that is necessary for successful

problem-solving. Feuerstein implies that there is primarily a lack of spontaneous use.

Important is that he does not assume the cause of any deficiency within the leamer, but simply

represents the learner as the locus of deficiencies that result from inadequacies ofMLE as

primary cause, and a variety of social-environmental-biological conditions as distal causes.
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Nevertheless, it is the learner who needs to adapt.

The cognitive functions are seen to be prerequisites or building blocks of efficient

thinking. Although the emphasis on deficiency may appear to be negativistic on the surface, it

must be kept in mind that what has been devised is a diagnostic-remedial approach. Each

negative statement of deficiency implies its converse, a positive function.

The components of Feuerstein's theory comprise a broad range of functions: cognitive

styles, knowledge base, motivations, processes, metaprocesses, and processing capacity or

space, among others (Lidz, 1987; Sternberg, 1985). Four basic kinds of cognitive deficiencies

are described, each comprising a number of specific deficits. Only a brief description of the

deficient cognitive functions is possible here.

The first group includes impaired cognitive functions that affect the input phase of

information processing. These impairments all concern the quality and quantity of data

gathered by individuals as they begin to solve, or even appreciate, the nature of the given

problem. Included at the input phase are deficiencies such as blurred and sweeping perception;

impulsive exploration; impaired verbal, spatial, temporal and conservation concepts; and lack

of need for precision and accuracy.

The second group of deficiencies in cognitive functions includes those affecting the

elaboration phase of information-processing. These curtail the individual's efficient gathering

and use of the data available to her or him. It also includes those deficiencies that obstruct the

proper elaboration of those cues that do exist. Deficiencies at the elaboration phase are

characterised by an episodic grasp of reality, a lack of spontaneous comparative behaviour,

impaired planning behaviour, limited interiorisation, and a general impaired need for logical

evidence.

The third group, impaired cognitive functions affecting the output phase of
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information-processing behaviour, includes factors that lead to inadequate communication of

the outcome of elaborative processes. At the output phase the major deficiencies involve an

impaired need for precise and accurate communication, impulsive acting-out behaviour, and

trial-and error responses.

The fourth group of deficiencies includes affective-motivational factors. This

emotional component is central to thinking and learning. It pertains to motivation for cognitive

functions and is manifested as the intrinsic need to perform a certain task. Feuerstein and

coworkers do not itemise these factors, but simply note that they do combine negatively to

influence the attitudes of the retarded performer. (For a comprehensive account of the deficient

functions, see Feuerstein et al, 1980 and 1986. A list of these appears in Appendix B).

The list of cognitive functions is helpful in identifying and understanding the reasons for

an individual's failure or poor performance on a task (Sternberg, 1985). Once the deficient

functions have been identified, the individual may be helped by correcting and redeveloping

these cognitive functions by appropriate and sufficient remediation. InFeuerstein's

programme, for instance, each of the described deficient cognitive functions is inverted for the

pupil's use and benefit (Shayer & Beasley, 1987). Such analyses have been successfully

conducted with tertiary-level students who had difficulty in coping with problem-solving

science tasks (Bolofo, 1990; Mehl, 1985). This approach has also been used to assess second

year university students and their physiology prescribed text (Wesso, 1992).

In this study, Feuerstein's list of cognitive functions will form the basis of an instrument

designed to diagnose the functions which are critical for reading to learn in physiology. Both

readers and reading task will be analysed to get a coherent notion of the cognitive functions

expected to be involved in reading tasks and determine how readers· comply with those

expectations. In order to prevent this approach to be considered as representing a deficit
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model, subjects will be described in terms of both strengths and weaknesses in the cognitive

functions as listed and described by Skuyet al., (1991) (see Appendix B).

3.3 METHODOWGICAL PRINCIPLES

3.3.1 The qualitative methodological approach: Rationale

The growing interest in the use of qualitative research techniques has been a product of

epistemological critiques of the positivist traditions of social science that have, until recently,

dominated educational research. A positivist approach to social and educational research is

generally taken to imply that the methodological procedures of natural science may be directly

adopted. According to Vulliamy (1990),

These procedures involve the testing of hypotheses in order to uncover social facts
and law-like generalizations about the social world Thus, it is assumed that, in
principle at least, the subjects of research can be treated as 'objects' similar to objects
in the natural world and that they can be studied in an objective 'value-free' way (p.8).

Although the so-called "scientific method" was initially lauded as "the only available

route to cumulative progress" (Vulliamy, 1990:8), it has been criticised as the pre-eminent

model in education. The hegemony of this approach has dissolved as researchers have come to

recognise that there are multiple routes and multiple destinations for their efforts. The causes

of this recognition include firstly, the argument that there is a fundamental difference between

the study of natural objects and human beings, in that the latter themselves interpret situations

and give meanings to them (Smith, 1993; Vulliamy, 1990). Secondly, it includes the inability

of the "scientific" approach to answer many of the most pressing questions in education,

respect fluidity and change, and address the processes of education (Rist, 1982).

The conceptual and epistemological vacuum created by the retreat of quantitative

methods has been filled by a vigorous and growing interest in qualitative methods. Many
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As explicated in Chapter 2, meaning does not exist in the reader's head or on the printed page

but in the interaction between the reader and the text. How then can reader-text interaction be

examined as it occurs in-process? Traditional diagnostic methods like standardised tests and

informal group inventories are product-oriented instruments which provide useful information

about general areas of students' strengths and weaknesses but fail to provide insights about the

thinking processes students use as they attempt to comprehend text (Randall et a1., 1986).

Even text-analysis and comparison with readers' recalls look at the end-products of

comprehension rather than at the multi-complex series of interactions between the reader and

text prior to recall collection.

One means frequently used to gain information about the course of cognitive processes

is to probe subjects' internal states by verbal methods (Ericsson & Simon, 1993; Van Someren

et a1., 1994). Methods such as interviews and think-aloud protocols can thus be designed to

examine students' models of declarative and procedural knowledge as primary sources of data.

Science education researchers now have research guidelines on how to gather informative

researchers are now looking for what it takes "to do" science. No longer is there

overwhelming agreement that experimentation is "the only way for settling disputes regarding

decisional practice, the only way of verifying educational improvement, and the only way of

establishing a cumulative tradition in which improvement can be introduced without the danger

of a faddish discard of old wisdom in favour of inferior motives" (Vulliamy, 1990: 10). Rather

than presuming that human environments and interactions can be held constant, manipulated,

treated, scheduled, modified, or extinguished, qualitative research posits that the most

powerful and parsimonious way to understand human beings is to watch, talk, listen, and

participate with them in their own natural settings (Rist, 1982; Van Someren et a1., 1994).
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In this study the aim is to inspect, trace and describe the thought processes of students

verbal data (cf. Ericsson & Simon, 1993; Konold & Well, 1981; Van Someren et a1., 1994),

what pitfalls exist in the collapse of the data from interviews (cf. Ericsson & Simon, 1993; Van

Someren et a1., 1994; White, 1980), and issues involved in appraising arguments in support of

claims (cf. Lythcott & Duschl, 1990; Van Someren et a1., 1994).

as they interact with the text and attempt to construct meaning. Reading is an interactive

problem-solving process, and investigations of the reading process need diagnostic tools to

inspect the in-process interactions between text and student. Think-aloud reading protocols

have been considered powerful diagnostic tools to collect information about the reading

process (cf. Randall et al., 1986 ; Van Someren et al., 1994), how people think, solve problems

and learn (cf. Bereiter & Bird, 1985; Ericsson, 1987; Van Someren et a1., 1994).

3.3.2 Think-aloud reading protocols as a diagnostic tool for the identification of

cognitive processes

When the think-aloud method is applied to the process of problem-solving, or as in this case

reading, subjects are asked to speak aloud whatever thoughts come to mind, while performing
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the task at hand. The human information-processing system, as discussed in Section 2.3, has

important implications for interpreting the meaning of verbal reports.

The most important points relevant to the discussion here are that a) the information

that can be verbalised is the content of working memory, b) the content oflong-term memory

(the general knowledge) can only be verbalised ifit can be retrieved, and c) the cognitive

architecture, the machinery that applies the knowledge, cannot be verbalised, This means that

only indirect knowledge is available about b) and c) (VanSomeren et a1., 1994).

As a result of the long-standing pervasive skepticisms as to the validity of qualitative
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methodologies as methods of scientific observation, the use of verbal protocols has been

viewed by some with trepidation (Gamer, 1982). Concern has been especially with the validity

(the report does not reflect the cognitive process) and completeness of the reports.

Some further concerns often raised about the method include the following:

a) Uncertainty about learners' access to their own thinking;

b) Concern for invalid and incomplete data due to memory errors. That is, that intermediate

or below-conscious level (i.e. "automatised") steps will be deleted and verbal reports will be

incomplete;

c) A suspicion that verbal reporting is suspect, in that it handicaps learners with limited

linguistic skills, regardless of the potency of their access to mental events;

d) Concern for invalid and incomplete data iflearners are required to interpret their own

cognitive processes; and

e) Some evidence that learners provide general information about what they think ought to be

done rather than about what they in fact have done (Gamer, 1982; Van Someren et al., 1994).

Although some researchers have negative views about the method and have stated, for

instance, that "unequivocal methodological solutions to these problems are highly unlikely"

(Cavanaugh & Perlmutter, 1982: 16), Ericsson and Simon (1980, 1993) assert that worthy

findings can come from well designed verbal-report studies. They do not only argue that data

collected from verbal reports can be an important source of information about cognitive

processes, but also address most of the vigorous criticisms ofverbal-report data. Inthis regard

several researchers have proposed suggestions for investigators who use this method in order

to potentially counter many of the criticisms of the verbal method (cf Ericsson & Simon, 1980,

1993; Gamer, 1982; Konold &Well, 1981; Van Someren et al., 1994; White, 1988). Their

suggestions include:
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a) Avoidance of interference with the course of cognitive processing that might occur if

verbalisations were concurrent with task performance. The format of the task should be such

that subjects can express their knowledge easily and accurately;

b) The task should not overtax the memory capacity of subjects, and memory confounds

should be reduced by minimising the interval between processing and retrospective reporting;

c) Probing for simple behaviour descriptions, ifused at all, should be restricted to encouraging

subjects to vocalise more. This should be done in a non-specific, non-cueing, "bland" fashion;

d) Primary cognitive resource allocation should be aimed at task completion, not verbalising

about task completion, and clear directives should be provided to subjects which emphasise

that verbalisation should not be a task in itself requiring concentration and effort;

e) Collection of other data (e. g. observable non-verbal behaviour records) and assessment of

consistency of these data with verbal-report information;

f) Selecting tasks at a level of difficulty that is appropriate to the subjects with respect to the

cognitive process. Subjects should not be able to solve the problem in an automated manner;

and

g) The task should be representative with respect to the cognitive processes involved.

It is significant that the possibility of access to mental events is not argued; access is assumed -

based on the verbalisation theory referred to above.

Think-aloud reading protocols are detailed descriptions of subjects' sequenced

behaviours while they read. Subjects are asked to think aloud as they process text, without

substantive cues from the interviewer. Transcripts of the concurrent verbal reporting provide

detailed records of observable behaviour from which the researcher can begin to analyse the

underlying cognitive processes. Investigators have emphasised that verbal protocols, like most

other methods, do not yield complete information (Van Someren et al., 1994). Thus regarding
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protocols of the reading process, Hayes (1981) states:

Analyzing a protocol is like following the tracks of a porpoise. Occasionally, the
porpoise reveals itself by breaking the surface of the sea. Its brief surfacings are like
the glimpses of the underlying mental processes which the protocol affords us.
Between surfacings, the mental process, like the porpoise, runs deep and silent. Our
task is to infer the course of the process from these brief traces (As quoted in Randall
et al., 1986:241).

Ericsson & Simon (1980) have pointed out that, in their model too, it is not assumed that

verbal protocols accurately reflect the internal structure of processes or of the heeded

information, or that it has any privileged status as a direct observation. They do, however,

posit that models that can regenerate the verbalisations (or encoded aspects of them) can be

constructed and evaluated without such assumptions.

The think-aloud protocols as verbal method has particular appeal to investigators since:

the subject speaks out loud as thoughts come to mind while performing the task; there are little

or few interruptions as subjects are encouraged to give concurrent accounts of their thoughts

which prevent interpretation or explanation of what they are doing; speaking aloud for most

people becomes routine in a few minutes; almost all of the subject's conscious effort is aimed at

solving the problem; and talking aloud does not interfere with the task performance (Van

Someren et al., 1994).

Investigators who have used the reading protocol method to study reading have been

able to make valuable inferences because they have found that as readers report in their

protocols they typically interact with the text. They restructure, make inferences, omissions,

substitutions, additions, generalisations and even distortions (Gamer, 1982; Olshavsky, 1977;

Randall et al., 1986). This applies to subjects of all educational levels and the protocol method

is currently viewed as having powerful diagnostic potential (Ericsson & Simon, 1993; Randall

et al., 1986; Van Someren et al., 1994).

85

https://etd.uwc.ac.za/



3.4 METHODOLOGY

3.4.1 Subjects

For the determination of the cognitive repertoire of readers prior to intervention, ten second-

year students were selected at random from a group of volunteers. All subjects had completed

one course in biology or zoology at the time of the study and were enrolled in the Physiology

211/221 course at the University of the Western Cape.

Seven of the subjects used English as a second language, but all have received their

high school and university instruction in English. The:first languages of the different students

included Afrikaans, Tswana, Xhosa and Zulu. None of the participants had received any form

of reading intervention or any explicit cognitive education prior to this investigation.

3.4.2 Data collection:Format

Data collection was conducted by the experimenter who did not teach the particular group of

subjects. Subjects were told that the purpose of the experiment was to investigate how they

think when they read to learn, and the format of the procedure was explained to them It was

also emphasised that since there was no particular correct or incorrect way of executing the

reading task, they would not be evaluated, and that they should try to execute the task as

closely to what they would when studying on their own.

Data was collected by means of unstructured read-aloud verbal reports (Van Someren

et al 1994). (An evaluation of this method appears in Section 3.3.2).

Each subject was supplied with a copy of the prescribed textbook and was instructed to

a) demonstrate and comment on how she!he would go about studying the selected chapter, and

b) read a selected passage aloud and concurrently think aloud as she!he reads to comprehend
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the passage. Data of subjects' mental processes was obtained from think-aloud reading

protocols which were audio-taped. Subjects were encouraged throughout the interview to

vocalise anything that came to mind, and the experimenter's probes were limited to asking for

elaboration or encouraging vocalisation.

Two types of information were obtained from subjects, namely, data of their mental

processes, and data of their conceptual understanding. The latter was determined by means of

direct questions on the content of the passages. (These questions appear in Appendix D).

There were no restrictions on the amount of rereading, or the wider use of the textbook

for consultation, as long as everything that the subjects did was thought out aloud. Students

were given no explicit instruction to complete the task within a preset time limit, but no

interview was allowed to extend beyond one hour.

3.4.3 Passage selection

This study focussed on text material dealing with the physiology of the cardio-vascular system

(CVS) for two main reasons:

a) Understanding physiological interactions among components at different levels of

organisation (body-system-organ-tissue-cell) in the human body is pivotal to achieving a

holistic understanding of the principles, concepts and ideas of physiology. The CVS represents

a good example of inter-system interaction, its function is central to body homeostasis, and

physiological events at each level of organisation form important components of the

pregraduate physiology curriculum. As such it is representative of other organ systems that

students will study in their physiology course;

b) Students have difficulty understanding the physiology of the CVS. This has been observed

by the experimenter who has taught this particular system for several years at university level,

87

https://etd.uwc.ac.za/



and this observation is supported in the literature (cf Samsel et al., 1994).

The chapter on the heart which forms one of two chapters dealing with the CVS from

the students' prescribed book, Physiology and Anatomy by Tortora and Grabowski (1993)

served as task material for this study. The chapter text includes several distinct sections: an

outline of the chapter, a list of students' objectives, the chapter content which deals with the

anatomical and physiological features of the heart, homeostatic imbalances, medical

terminology, and study outline.

Two passages from the same chapter were selected for think-aloud protocols. The

following considerations were involved in the selection of the passages.

1. Length of thepassage. Because of time constraints, it was important that the reading

protocols should not exceed one hour. Although the length of time will ultimately depend on

various factors (the purpose of reading, the difficulty and unfamiliarity of the text, readers'

attentiveness, motivation and so on), it was established in a previous study (Wesso, 1992) that

a passage of about 350 words, accompanied by a diagram, can be processed between 30 and

60 minutes.

2. Anatomical/physiological interrelationship. Conceptual understanding of a physiological

event depends greatly on the ability to relate the physiological event to the anatomical

structures involved. Passages which involve both anatomical and physiological features were

sought.

3. Supporting visual aids. Physiological textbooks offer a profusion of diagrams, graphs,

photographs, micrographs and flow charts. These serve to supplement text content, and it is

imperative that students cope with these representations. The text to be selected was required

to incorporate at least one such visual representation.

4. Physiological mechanisms (cellular level). Physiological concepts are often presented at
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the cellular leve1. It is important for students to relate the cellular events to the different (e.g.

higher) levels ofbodily organisation, and also understand the cause-effect relationship( s)

underlying these events. Passages were sought which depicted regulatory or cause-effect

relationships at cellular leve1.

5. Curricular importance. The sought-for passages had to be important components of

students' curriculum on CVS, and not peripheral in its relevancy to the understanding of the

broader functioning of CVS.

The two selected passages collectively complied with the above criteria.

Passage A. "Heart valves" (Tortora & Grabowski, 1993:597)

This passage describes the structure, operating mechanisms and the role of the valves in

cardiovascular function. The passage is about 360 words long, describes the anatomical-

physiological relationship at organ level, is supported by several diagrams and photographs,

and is an important component to understanding CVS function in general, and the heart

function in particular.

Passage B. "The heart conduction system" (Tortora & Grabowski, 1993:603)

The passage on the conduction system of the heart describes the role of the specialised

conduction system of the heart in regulating heart contraction. It focuses on the cellular and

sub-cellular events of electrolyte movement across the myocardial cell membrane and its

relationship with the transmembrane potentials responsible for cardiac contraction. The

passage is about 490 words long, is supported by a graph, and forms an important component

in the conceptual understanding of autorhythmicity of the heart, and cardiovascular regulation.
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3.4.4 Data analysis procedures

3.4.4.1 Learners' cognitivemake-up

Analyses of subjects' think-aloud reading protocols were done within a framework for

differentiating student-text interactions. This framework was developed and refined from

analyses of protocols produced in a study by Wesso (1992), and is depicted graphically in Fig.

Cl (Appendix C). The framework allows the categorisation of readers' responses in order to

differentiate between responses of different qualities and relevance to the study.

At the highest level, the framework focuses on the cognitive functions available and in

use by the students. It also allows the experimenter to obtain a global view of the subjects'

pervasive approach to a reading task, regarding their degree of reading independency, use of

reading strategies (multiple and/or appropriate), availability and retrieval of prior knowledge,

and comprehension monitoring.

A similar framework was used by Randall et al. (1986) to differentiate student-text

interactions and to identify the common problems less-abled readers experienced. This

framework, however, differs from that of Randall et al. in that,

a) it focuses on the cognitive functions with the goal of identifying and teaching the

components of thinking,

b) it is designed for content-area reading - the general subject content thus provides the

context,

c) it takes into account the nature of expository science reading, and

d) it allows the experimenter to gain a global view of the subjects' reading behaviour.

The first level of differentiation is between subjects' comments that are germane to the

protocol procedure but not relevant to the text (task-irrelevant comments), and meaning-

making comments which occur as the students read and try to construct meaning froin the text.
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According to Randall et al. (1986) the occurrence of many metacomments may indicate that

the reader is bored with the task, or it may be indicative of reading difficulties.

At the second level, two types of meaning-relevant comments may be distinguished.

One, the text-specific comments, refers to those comments which are specific to the text

material provided to the student. They include the precise or rephrased information that

appears in the text. The other type includes those comments and behaviour "beyond the text"

which reflect the students' cognitive processes which they employ as they construct meaning

from the text. A preponderance of text-specific comments may indicate that the subjects are

passive readers, or that they find the passage too difficult and that they are overdependent on

the given vocabulary and syntax (Randall et al, 1986).

At the third level are the reader's responses which reflect that the reader ismoving

beyond the literal rephrasing or isomorphic representation of the text. At this level, responses

from students may be classified as either affective, cognitive operational, or prior knowledge-

related. The boundaries between these may be discreet. Affective responses may show the

reader's interest, attitudes or emotions, and prior knowledge-related comments show the

availability and awareness to retrieve relevant knowledge not presented in the text. While both

affective and prior knowledge-related responses provide useful information in analysing for

students' cognitive profiles, for purposes of this study the focus will be on the cognitive

function responses. These encompass those cognitive functions which are operational and best

reveal the thinking processes readers have available and use to comprehend the text.

The absence and/or presence of cognitive functions will be identified from think-aloud

reading protocols in the context of Feuerstein's paradigm of deficient cognitive functions. As

explained in Section 3.2, the inventory of potential deficiencies captures a broad range of

components: cognitive styles, knowledge base, motivations, processes or metaprocesses,
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processing capacity or space, etc. (Lidz, 1987; Sternberg, 1985). These will be classified

within the input, elaboration, or output phases of the cognitive map of Feuerstein et al. (1986).

3.4.4.2 Text

Inher study Wesso (1992), showed that physiology text can be analysed by deconstructing the

text (Sinclair, 1989) in terms of what readers need in order to gain understanding from the

text. This entails a process similar to introspection by an experienced physiology educator (the

experimenter) whereby the reading demands made by the text are identified and described.

Text analysis in this study thus means:

a) The extraction of the cognitive components and abilities intrinsic to reading the text for

comprehension and conceptual understanding of physiological principles and concepts; this

results in:

b) The representation of those characteristics such that it:

(i) captures the full range of cognitive functions, knowledge and abilities of the text

passage, and

(ii) allows an examination of the similarities and differences between models of the text

and the cognitive abilities of the reader.

For these reasons, text analysis will be within the framework depicted in Fig. C2

(Appendix C). At the first level the text will be analysed for

a) organisational features (including format, arrangement and supplementary information),

b) the required prior knowledge, and

c) the cognitive functions implicit to understanding the passage.

At the second level of analysis, required prior knowledge was divided into subject

knowledge and knowledge of text structure. Analysis of cognitive functions implicit to
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This instrument thus explicates the methods used in this study to address two questions central

to this study and posed in Chapter 2 (Section 2.7). That is, what cognitive abilities do students

need to understand and conceptualise physiological principles presented textually, and what

abilities do they have in terms of the requirements of the text in order to engage optimally with

physiology text?

Results obtained with the instrument described in this chapter are presented, analysed

and elaborated upon in the following chapter. Also, the usefulness of the results obtained in

this fashion and the demonstration of how an instructional process can be designed to bring

about a process of transformation as proposed in Chapter 2 will be explicated in later chapters.

understanding the passage were according to the same classification of Feuerstein that was

used for protocol analysis.

Conceptual understanding of the test passages was assessed by a set of explicit

questions. These questions appear in Appendix D.
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CHAPTER 4

THE COGNITIVE MATCH BETWEEN LEARNERS AND READING

TASK: RESULTS AND DISCUSSION

4.1 INTRODUCTION

Arguments that a systematic analysis of intervention possibilities demands analysis and

explication of the underlying knowledge, behaviour, and cognitive abilities inherent to (and

required for the comprehension of) scientific prose, and the extent to which students' cognitive

repertoire match these demands were presented in Chapters 2 and 3. The results obtained by

systematic deconstruction of text and analysis of verbal protocols of students interacting with,

and constructing meaning from physiology text, are presented here. This data will allow the

construction of models or frameworks of the nature and cognitive demand of text and readers

and forms the basis for determining the cognitive match between the two.

4.2 RESULTS

4.2.1 Cognitive demands of the CVS text

4.2.1.1 The chapter

A Organisation and contents

1. The chapters consist of several main components: A list of contents, a list of objectives, the

contents of the chapter, examples of disorders of the heart, a study outline, and review

questions and answers.

2. The list of contents reflects the various headings according to which the content is
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presented.

3. The list of objectives aims predominantly at the lower levels of cognitive functioning like

the ability to describe, explain, list and define. These objectives encourage rote learning since

a) the response to each of the objectives can be found formulated almost verbatim in the text

under a specific heading related to the objective, and b) none of the objectives transcends the

boundaries of a particular heading or topic in the text. No active higher-level processing of the

text, such as integration, analysis or inference, is demanded by the objectives. Students guided

by the objectives in the textbook would not develop the need to infer relationships and look

beyond the information given.

4. The content of the chapter is presented strictly linearly and compartmentalised. There is no

textual continuity between successive headings, nor are there any cues of how the different

sections relate and interact with one another. How each thus contributes to the effective

function of the heart, or how the heart function relates to homeostasis in the human body must

to be inferred by the reader.

5. The study outline represents a summary of the contents, presented as statements of facts

which emphasise a product approach to learning. Again this type of study outline portrays the

text content in a superficial, unintegrated fashion which demands nothing more than a passive

approach and consequently rote learning of the content. For example, the outline on

"Physiology of cardiac muscle contraction" consists of two statements - one names the three

phases of the impulse, and the other states that the refractory period lasts longer than the

contraction period. The connection between the two statements, or how they relate to the

heading is not clear.

6. The review questions, like the text objectives, demand a superficial product oriented

response from the reader. For instance, one question (cardiac muscle passage) states:

95

https://etd.uwc.ac.za/



"Describe the phases of an impulse in ventricular contractile fibres." The reader is then

referred to the page where the answer can be found - all the student needs to do is to memorise

this answer. Also, the text explicitly indicates where to find the answers to questions which

may appear to demand higher-level processing like comparison and analysis (e.g. "How does

the duration of depolarisation and repolarisation in a cardiac muscle fibre compare with that in

a skeletal muscle fibre?").

B. Cognitive demands for higher order thinking and conceptual understanding

(i) AT THE INPUT PHASE

7. Determination of the scope, general content and organisation of the chapter (the external

organisation). This includes identifying the main segments of the chapter such as the "contents

at a glance", the list of objectives, review of the chapter, etc.

8. Determination of the purpose of the chapter, as well as the purpose of each of the segments

of the chapter.

9. Comparing the information available in the text with the formulated course objectives.

10. Surveying the chapter for textual aids such as graphic aids (photos, diagrams, graphs and

flow diagrams), arrangement and relationships between headings, glossary, summaries and

review questions.

11. Identifying prior knowledge that relates to or may be relevant to the topic - subject-

specific, anatomical or general knowledge.

12. Determination of available resources to cope with difficulties such as, for instance,

unfamiliar terms.
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(ii) AT THE ELABORATION PHASE

13. Establishment ofrelationships between the major components of the chapter.

14. Determination of main themes and identifying headings relevant to such themes.

15. Finding areas of overlap between prior knowledge and "new information".

16. Interpretation of graphic aids and use of relevant information represented in this format

and coordinating and integrating it with the written text.

(iii) AT THE OUTPUT PHASE

17. Effective summarisation of the information of the chapter.

18. Relating current information to previously encountered information and projecting its

relevance to the body function.

19. Applying the information to explain physiological disorders.

20. Communicating information represented by graphic aids and relating it to the written text.

4.2.1.2 The passages'

A. AT THE INPUT PHASE

1. Clarify the goal or purpose for reading. The reader's goal may differ from that of the

author. For instance, the author's goal here was to explicate how the structure of the heart

valves and their configurational changes during the cardiac cycle facilitate unidirectional blood

flow. The reader's goal may be to understand the structure of the valves or the differences
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to differentiate their own goals from that of the author's goals.

2. Plan a systematic approach to process information as reading progresses by:

a) Establishing the main ideas in the passage;

b) Relate the passage information to the context of the entire chapter;

c) Identify the organisation of the passage. In Passage A there are elements of cause and

effect (structural configurations of valves allow one way opening), as well as elements of

comparison (semilunar vs. AV valves);

d) Identify and clarify "textually new" and "knowledge new" terms. For example "tendon-

like", "fibrous chords", "papillary muscles", "chordae tendineae", "mitral", etc. are all technical

terms which may need to be clarified. Others terms like "semi-lunar", "slack", "crescent-

shaped", "undersurface", "convex", and "muscular columns" are not technical, but the

establishment of their precise meanings is crucial for the accurate interpretation of the passage;

and

e) Identify sources to aid visual representation (e.g. the heart valve passage explicitly refers to

Figs. 20.3a-e and 20.4a-d).

B. AT THE ELABORATION PHASE

3. Careful phrase analysis of the conceptually dense information. It is crucial to accurately

interpret the information contained in phrases such as "project into the ventricle" (8), "their

edges meet" (12), "located on the inner surfaces" (9) and "connect the pointed ends and

undersurfaces" (9). Readers must also guard against the literal interpretation of phrases such

as "project into the opening inside the blood vessel" (21), "through an artery" (1) and "lies in

the opening" (17).

4. Retrieve, activate and integrate subject-specific prior knowledge. Especially relevant here
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is knowledge pertaining to the general anatomy of the heart, the repetitive and wave-like

contraction action of the heart, and muscle contraction.

5. Visualise the structures (heart chambers and the different components of the valves) as they

change dimensions concurrently with the wave of contraction and resultant pressure changes in

the heart. Both spatial and temporal dimensions of these changes must be held in working

memory as reading proceeds. Each figure visually depicts specific anatomical structures and

the correct interpretation of each figure is essential to comprehend the spatial orientation of

these structures.

6. Identify relevant versus irrelevant information regarding the goal or theme of reading. Thus

for the goal of understanding the structure of the heart valves and how pressure changes

generated during contraction affects the mechanical movements of the valves, there are specific

bodies of information (relevant or irrelevant) that must be considered.

7. Integrate information from different sources (text, diagrams and prior knowledge) by

linking relevant information into a coherent holistic meaningful relationship. For example,

sentences 14-15 (Passage A): Muscle contraction (prior knowledge) will cause shortening of

the papillary muscles (see Figs. 20.4a & b in Appendix D), and according to the text (sentence

14) this pulls on the chordae tendineae (the figures show how), which because they are tendons

(text) cannot stretch (prior knowledge). The flaps of the cusps are thus limited from being

pushed by upward flowing blood (inference by also considering information in the previous

sentence) into the atrium. Without this type of integration, the reader who considers only the

diagram may have difficulty to understand how a pull action on the chordae tendinea actually

closes the valves when it seems apparent that it should be opening as a result of this action.

Consideration of the text alone will not be sufficient.

8. Since all the information is not explicitly stated in the text, the reader needs to infer
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C. AT TIlE OUTPUT PHASE

9. Establish a goal when confronted with a comprehension difficulty or a question, and devise

a problem-solving strategy.

10. The correct words must be selected to give clear and precise descriptions, and technical

terms and phrases must be used appropriately. For example, the phrase "valves open in

response to pressure changes" does not have the same meaning as "pressure changes because

the valves open". Understanding must be communicated in the reader's own words and

phrasing identical to that in the text must be avoided where possible. For example, sentence 10

(Passage B) is highly technical and reformulation of it encourages true understanding. At the

same time the syntactic and semantic conventions must be noted - e.g. "lies between", "lies in

the opening", and "is situated at" are precise descriptions oflocation. Such descriptive terms

should be internalised and incorporated into the individual's verbal repertoire.

11. Elaboration and responses to answers must be substantiated with reasons - there should

not be the assumption that others have the same point of view or have constructed the same

understanding from the passage.

12. The solving of problems which arise during reading, or responses to answers should be

systematic and planned. The reader should resolve inconsistencies - both internal and external,

and persevere to complete the task.

13. Information should be presented in a clear and relevant way. The information should be

transmitted efficiently, without omissions and distortions of the text. Thus information

regarding the mechanism of the valves, should include the arrangement of the structural

information in order to extend, link and construct meaning within the context of cardiovascular

physiology.
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components, the pressure changes as cause of their movement, and heart contraction as

initiator of the pressure changes.

14. Understanding both passages relies heavily on the visual information presented in the

diagrams. The reader must be able to mentally manipulate the visual details in order to

internally move, for instance, the image of the valves to different orientations in order to

effectively relay constructed information concerning the physiology of the valves.

15. All available information should be considered carefully and systematically in order to

arrive at an appropriate answer. For example, the question on how unidirectional movement is

ensured in the heart needs a response which takes into consideration the position of the valves,

their anatomical features, and how the valves respond during the successive contraction waves

of the heart.

16. Readers should check that their responses comply with the objective inherent to the

question they respond to, or that it resolves the problem that was posed.

17. The principal event( s) should be related to other systems and to the broader function of

the human body. Integrating information into a more meaningful whole prevents

compartmentation of information, and failure to perceive human body function as one

complete and integrated whole.

101

https://etd.uwc.ac.za/



4.2.2 The cognitive make-up of learners'

4.2.2.1 Cognitive weaknesses

A AT THE INPUT PHASE

1. Without exception, subjects failed to clarify the purpose of their reading. Their focus

shifted from sentence to sentence as reading progressed, and as they encountered difficulties,

individual sentences became the focus of attention. This lack of goal orientation affected the

entire reading process.

2. A lack of planning behaviour was observed in all the subjects. Figure 2 represents an

example of the type of notes subjects made as they read the text. Reading and processing was

unorganised and was as linear as presented in the text. No time was taken to gather and assess

all the information needed to define a problem.

Figure 2. An example of a science learners' notes made during text processing

/'

aQ~

3

Detailed clarification of this section can be obtained by consulting the individual protocols
and analysis thereof in Appendix E.
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The predominant unsystematic exploration of the text was evident in:

a) The identification of "key words" and "facts" (e.g. Al and A9) with resultant fragmentation

of the information. Effort was focussed on these as if they were the main points of the

passage.

b) Failure to distinguish relevant from irrelevant information in accordance with a main theme.

As a result of this, A3 was confused and considered all the information as equally important.

Likewise, A2 copied all the textual information verbatim as her "personal notes" .

c) Information from the figures were not always considered as part of the text (A3, A4, A5

and A7). Both A5 and A4 did not exhibit any need to consult the figures.

d) An impaired need to clarify the meaning of'unfamiliar words were displayed by most. A6,

who initially skimmed over terms such as "endocardium" and "slack", only later exhibited a

need to use a dictionary to clarify the terms. A5 struggled with "depolarisation", "plateau",

and "troponin" but failed to clarify their meanings.

3. A deficient need to activate relevant background knowledge was prevalent in all subjects.

The text was treated as a complete and separate piece of information. Subjects perceived it to

contain the full complement of information.

4. It was not clear whether all the subjects grasped the spatial and temporal orientation of

events. Physiological structures were apparently perceived as two-dimensional (as depicted in

the figures). For instance, in processing information on the mechanism of the valves, no need

was demonstrated to take their spatial dimensions into account (e.g. A6 and A9).

5. Temporal events were perceived as limited to the "here and now". For example, Al

focussed on the position of the ions at a particular point in time, unrelated to what went before,

or what followed. Similarly, A2, A3, A6 and A9 perceived the position of valves at specific

points in time instead as a continuum of events.
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B. AT THE ELABORATION PHASE

1. Subjects' elaboration of information ranged from complete failure to elaborate (e.g. A5 who

memorised every sentence), to those who attempted to elaborate - albeit ineffectively. All

attempts to elaborate were focussed on the sentence level which resulted in:

a) Failure to coordinate information and construct a broader representation. For example,

individual ionic movements were frequently considered independently from membrane

potential changes (e.g. Al and A4).

b) Failure to spontaneously compare objects or events. The latter were usually simply

identified without establishing relationships. Even when comparisons were made

spontaneously, the focus was on superficial aspects such as the comparative location of the

valves types.

c) Lack of critical evaluation of content for internal consistency. For example, Al did not

check for logical consistency to resolve problem areas. He displayed a passive attitude toward

the information in the text. Although A3 experienced disequilibrium (lines 20-24), he did not

instigate an active search for a solution. In the case of A2, throughout his effort to understand

the function of the valves, he failed to seek for logical consistency by using, for instance, his

available prior knowledge (the classroom experience).

d) An episodic grasp of the main features of structures and events were displayed by all

subjects. For example, A6 focussed mainly on the location of the valves, the papillary muscles,

and the chordae tendineae.

e) Limitations in subjects' mental fields. Subjects did not take the responsibility to store newly

encountered information and actively integrate it with information as their reading progressed.

One extreme case was A6 who memorised the text and failed to integrate it with other

available information. A2 activated and recalled an incident IDthe classroom involving the
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same topic, but failed to link it to his reading. There was thus a failure to connect newly

encountered information with existing prior knowledge.

2. All subjects exhibited impaired summarisation behaviour. This was especially pronounced

in the extensive verbatim memorisation by A5 and A6, and text copying of A2. In the case of

A4 and A5 their attempts at summarisation were limited to the inaccurate paraphrasing of one

or two sentences at a time.

3. Failure to draw and test inferences, including interpretations, predictions, and conclusions.

The subjects relied heavily on the information in the text as if it was absolute and they failed to

move "beyond the information given". The instances of text copying and verbatim

memorisation (A2, A5 and A6) are cases in point. Also, A5 treated the written text as so

complete that she ignored the figures. The subjects' inability to draw inferences was also

evident in the problems they encountered in answering questions 1 to 4 of Passage B, and

questions 2 to 5 of Passage A. These questions required the reader to move beyond the text

information by comparing, predicting and drawing conclusions. Failure to do this may also

reflect an inability to project virtual relationships in that the subjects failed to apply the

information to situations which may be "virtual" or "potentially exist". Al had apparently

encountered similar information under the topic "muscle physiology", but she failed to use that

information to supplement the text information and to assist in her understanding. The

pervasive passive approach to reading invariably led to an episodic grasp of physiological

events and thus failure to link the information in a comprehensible whole by actively linking

relationships between objects and events.

4. Inability to intemalise the objects and events encountered in the text was evidenced by

subjects. who focussed and "stayed" with the concrete representations such as the anatomy of

structures, or the quantity and location of electrolytes. Thus in the case of A6, the position of
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the valves and mechanism was considered as important, but little attention was given to how

pressure or volume changes affect the valves, or how the position of valves determines the

movement of blood. In a similar fashion, Al and A4 were concerned about "from where" and

"where to" the ions move, also which structures were involved, but failed to relate the ionic

movements to the membrane potential changes, and to relate the electrical events to the

mechanical events. Also, A3 remained with the concrete events concerning the structural

components of the valves, without attempting to abstract their action to either the pressure

changes in the heart or the resultant configurational changes of the valves.

5. Impaired ability to express themselves and "think through" the reading task. Thus, AI, A9

and A7, for instance, repeated phrases and sentences of the text verbatim instead of

paraphrasing. A5 expressed information inaccurately - "Na and Ca move into the membrane",

"they (ions) move to the sarcolemma", and "resting membrane potential is reduced from -90 to

+30." A3 verbalised a series of disconnected phrases e.g. "the ventricular pressure ... blood

moves ... chordae tendineae connect" etc. to summarise the movement of blood. A2 showed a

tendency to distort information: "when blood has passed they (valves) close" and "the papillary

muscles, chordae tendinea function after blood move through".

6. No evidence of comprehension monitoring of the subjects' ongoing reading was observed.

There was, for instance, no periodic review or self-interrogation.

C. AT THE OUTPUT PHASE

1. An impaired need to give a well worked-through response to a problem The responses

tended to be trial and error (A2, A5 and A9), incoherent and unsystematic (A6).

2. Lack of motivation to clarify or explain events. When confronted with comprehension

difficulties, A5 responded with "I'mjust going to pass that", and A7 put it o:ff"to ask friends"
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(to help).

3. Lack of expressive verbal tools to communicate their thinking, understanding or response

to questions. The poor verbal fluency and inadequate recall of words was evident in all

subjects.

4.2.2.2 Cognitive strengths

1. Some subjects (A2, A4, A5 and AIO) were aware of the need to activate prior knowledge,

but failed to link it to the information they encountered in the text.

2. A need to reflect on unfamiliar terms was exhibited by some (A2, A4 and A5 ), but there

was a general failure to establish the meanings of terms - except in one case (A6) where the

dictionary was used to find the meaning of "slack".

3. Itwas evident that some subjects were aware of comprehension breakdown, but lacked the

available cognitive strategies to solve problems (e.g. A5).

4. Attempts to generate explanations to difficult concepts were present in some (e.g. A5) but a

pervasive trial-and-error approach and lack of appropriate cognitive strategies led to

unsuccessful responses. Although A4 was persistent and motivated to resolve difficulties she

lacked the appropriate cognitive strategies to succeed.

5. A4 and A6 displayed the need to reason and infer when confronted with comprehension

difficulties. However, again these subjects did not have the knowledge of or ability to execute

appropriate problem-solving strategies.
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4.3 DISCUSSION

The results presented above, allow the construction of appropriate models of the cognitive task

demands whereby readers in physiology can achieve the desired intellectual performance, and a

model of the underlying cognitive functions and knowledge of readers who have not received

explicit reading to learn instruction.

In this discussion the quality of the match between the reading to learn demands of

physiology text and the cognitive repertoire of students will be presented within the

information-processing paradigm. As argued earlier, once such a match (or mismatch) has

been established, it can be used to devise appropriate intervention or instruction to help

students to develop the desired intellectual abilities and construct the modified knowledge

structure leading to the desired final performance. In order not to portray a deficient model of

cognitive functioning, the analysis also provides aspects of cognitive strengths which can be

harvested or built upon for improving effective comprehension and thinking.

4.3.1 Cognitive functions of comprehension fostering

4.3.1.1 Information gathering

A. Purpose of reading

Reading for learning, like any other cognitive task, demands a purposeful approach during

processing (Brown et al., 1984; Ryder & Graves, 1994). The formulation of a goal or purpose

signifies an important first step in problem-solving (Nickerson et al., 1985), and allows the

reader to embark on a plan of action to achieve the goal. According to Stauffer (1969), the

regulation of reading by purpose sets up a perplexity that demands a solution - "the nature of

the purposes to be achieved fixes the answers being sought and regulates the rate and scope of

the reading-thinking process" (p.12). Without a goal, reading is unsystematic and
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disorganised.

The reader must understand the purpose of each component of the text (chapter as well

as the passages). Within the CVS chapter, each of the segments (e.g. objectives and review

questions) differs in purpose and the reader must allocate attention to these in accordance with

personal, authors and curriculum objectives. Stauffer (1969) attaches special significance to

self-declared purposes:

They avoid the pitfalls of assigned purposes and the artificiality of ready-made
questions. They make the reader a student of what he is reading rather than a servant
to recitations. They develop traits of open-mindedness, whole heartedness, and
responsibility of alertness, flexibility, and curiosity. Possession of the ability to
declare purposes makes the difference between an able reader and an intellectual
bungler (p.13).

Subjects in this study failed to construct a purpose for their reading and as a resuh

assumed that all the textual information was equally important. Considering the conceptual

density of the selected passages, this could have caused a cognitive overload and encouraged

the observed tendency of subjects to commit everything to memory. Having displayed no need

to construct personal objectives the only available objectives were those formulated by the

author.

Most, ifnot all, of the objectives in the experimental text are at the literal level of

comprehension and do not require students to think at higher levels. Objectives for learning

should accommodate both the products oflearning, as well as the processes or procedures for

arriving at answers (Singer & Donlan, 1989). These should be available to guide readers

toward appropriate objectives. Objectives can, for instance, be communicated by central

questioning or by the more conventional manner based on Bloom et al.'s (1956) taxonomy for

higher cognitive objectives. Objectives presented in the form of central questions clearly

communicate what students wi11leam, arouse prior knowledge, and stimulate discussion
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B. Prior knowledge

Effective information gathering demands awareness, availability, and activation of any prior

knowledge which may be relevant to the topic at hand. During the elaboration stage this

knowledge must be retrieved and integrated with the new knowledge. According to the

schema theoretic view of reading comprehension this prior knowledge functions as schemata

for anchoring new concepts, guide inferences, and also guide the encoding of incoming

information by generating expectations for features that are normally present for a given

category (Adams & Collins, 1979; Beers, 1987; Sadoski et al, 1991).

This text demanded different categories of prior knowledge for the achievement of

conceptual understanding of the CVS. These were: subject-specific or topic related

knowledge, text knowledge, and knowledge of text processing strategies. The reader must be

aware of the need for and identify and activate relevant prior knowledge.

a) The text passages assume a substantial amount of subject-specific and topic-related

prior knowledge. For instance, the passage on cardiac muscle requires knowledge for example

of cellular dynamics, electrochemical properties of ionic species, principles of hom eostasis,

membrane structure and physiology, and histology of muscle tissue. Subjects in this study did

not refer or allude to related information which they encountered elsewhere and which cou1d

be added to or illuminate the information presented in the text. This tendency to treat the new

(Ryder & Graves, 1994). They also establish a purpose for reading - directing students'

attention to selected content as they read. It is thus imperative that readers shou1d be guided

by well formulated course objectives. Since the objectives for learning a particular passage

may differ according to current needs, readers must also actively establish their own learning

objectives according to personal needs (Ryder & Graves, 1994).
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information as separate and unique from anything encountered before indicates failure to

construct their own understanding.

b) Text knowledge pertains to knowledge about how text is organised, how it is

processed, how the language of text functions, what expectations are reasonable when

approaching print, what procedures are useful in interacting with text, and many other

conventions of text and print (Ruddel, 1993).

One type of text knowledge that readers need is knowledge or a model of the

physiology textbook. Most physiology textbooks have an identifiable structure based on

common conventions of publishers (Yussen et al., 1993). The reader must be familiar with text

features such as the organisation of the textbook and chapters which can be gleaned from the

sequence of topics in the table of contents and in the chapter headings and subheadings;

information in appendices such as the glossary of technical terms and the review questions; and

the value of the index for obtaining information located in diverse places in the text (Singer &

Donlan, 1989).

Itmay be expected that tertiary students should have considerable experience with

many different types of textbooks (Yussen et al, 1993), and that it is likely that they have

developed a mental model for these textbooks which includes not only representation of the

key features of such books but also beliefs of the utility of these features. In this study subjects

displayed a deficient need or awareness of what information is available in the textbook and

what features of the textbook can be used to accomplish different tasks. They adhered

narrowly to the textual information when reading individual passages.

Although different types of writing patterns may be found in larger units of writing

such as an entire chapter (Singer & Donlan, 1989), the dominant pattern in the CVS chapter is

a horizontal or linear presentation. This being the case, one can expect that readers will follow
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this pattern of "thinking". It is thus important for the reader to find or impose a pattern (other

than linear) on the chapter contents which will allow the construction of relationships between

the units within the chapter.

Another type of text knowledge that is required is that of the rhetorical pattern that

specifies the structural relations that make up the text. Five common expository text patterns

have been described for science text (Richgels et al., 1987) and have been identified in

physiology text (Wesso, 1992). Each of the sample passages represent particular

organisational patterns intimately related to the relationship the author wants to portray

between the elements in the passages. Thus in Passage A, a combination of sequence and

cause-effect patterns and in Passage B both a sequence and a comparison/contrast pattern can

be identified (depending on the goal of reading). Research (e.g. Richgels et al., 1987) indicates

that knowledge of text organisation enhances readers' ability to organise, store and retrieve

information gleaned from the text. No evidence of knowledge of organisational patterns, or a

need to order (other than list), was observed in any of the protocols. This concurs with

descriptions of text processing by poor comprehenders'{e.g. Just & Carpenter, 1987).

The selected passages are replete with graphic aids - typical of science text (Bassok &

Holyoak, 1989). As noted in poor comprehenders (Singer & Donlan, 1989), the subjects did

not pay effective attention to the graphic aids. This may be because they did not know how to

read and extract information from graphic representations, or they might have thought of

graphic aids as pictures rather than abstractions of complex concepts and their relationships in

the form of symbols, numbers and lines. Readers must identify the features of graphic aids,

interpret and infer relationships, and finally draw whatever general conclusions are appropriate

from the data in the graphic aids (Singer & Donlan, 1989). The ability to understand graphic

representations could develop students' ability to draw conclusions based on evidence, to
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evaluate interpretations and conclusions, and other reasoning abilities (Singer & Donlan,

1989).

c) A third type of knowledge that is required is procedural knowledge which specifies

the strategies that a reader must employ in order to learn from text.

C. Cognitive functions related to procedures

The information in the chapter and selected passages must be collected in a planned and

systematic manner. This involves formulating a general strategy, not a detailed proof

(Nickerson et al., 1985), to guide reading in a systematic and intellectually involved manner so

that the reader can identify or construct concepts, and construct meaningful relations of

components in the text. This would be consistent with widely recognised strategies for solving

problems (Nickerson, 1994). From analysis of the subjects' protocols, one of the most

prevalent and profound characteristics of their reading was their unplanned and unsystematic

reading behaviour.

This deficiency in subjects' procedural knowledge also surfaced when they encountered

definitions of concepts. Even when they could state the definition of a concept, they often did

not know how to interpret this definition. Reif (1987) documented a similar phenomenon for

students in physics who could state a definition for "acceleration", and could write down the

corresponding formulas, but were unable to apply the definition to a given problem involving a

pendulum

Reading to learn thus needs knowledge of procedures or strategies to process text at

both the broader and the detailed level.
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4.3.1.2 Elaboration of information

The elaboration phase of reading to learn occurs when different kinds of knowledge and

thought processes are employed to facilitate effective and efficient interpretation of the

concepts in the text. Unfortunately, as has been described for science text in other areas (cf

Hollidayet al, 1994), physiology text has several characteristics which encourages passive

reading (memorisation offacts) instead of the active construction of conceptual information.

Information in the chapter and individual passages are presented in a "horizontal

fashion". Passages start with one concept, proceed linearly through the material to the final

concept, and then end. In order to achieve conceptual understanding, readers need to impose

some pattern to this information by linking components in the passage and integrating all

available information.

Once readers have identified unfamiljar words, assigning meaning to them is an

important elaborative requirement (Singer & Donlan, 1989). The high incidence of technical

vocabulary makes cognitive demands on readers' processing abilities, which may impede

comprehension (Chiapetta et al., 1991; Ogens, 1991). Inorder to deal effectively with

terminology the following must be taken into consideration:

a) Readers must differentiate science vocabulary from general vocabulary. For example, one

common meaning for the term "trunk" is "the main stem of a tree", but the same term as used

in physiology may refer to a part of a blood vessel Inthe same way the terms" chamber" and

"potential" have different meanings in physiology than in everyday use.

b) Clarification of terms depends on the context which is necessary for signalling the semantic

and syntactical properties of functional words (Singer & Donlan, 1989). Thus, although a

dictionary and text glossary are valuable aids, they are not adequate to establish the

physiological context necessary for clarifythe meaning of terms.
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"during" "while" "at the same tim.e" "as" "as a result") or directional ("into" "through"" , , "

c) The exactness of phrases such as "project into the ventricle", "connect the pointed ends and

undersurfaces", and "located on the inner surfaces" must be noted.

e) Readers should guard against the literal interpretation of phrases such as "project into the

opening inside the blood vessel", "through an artery", and "lies in the opening".

f) There is also a high frequency of relational terms and phrases ("in response to", "when",

"between", "located on", "project into", "emerge", "pulling on") in the two passages. Readers

must analyse and interpret these terms and phrases accurately in order to get the appropriate

perception of the relationships between elements of the presented information. Subjects in this

study were not careful in applying this strategy and might have glossed over terms crucial to

conceptual understanding of the passage. Several of the subjects did not attend to clarifying

nnfamj]jar words - even when they struggled to pronounce them. At least one student (A7)

stated that he had difficulty to differentiate between "on" and "upon", and between "in" and

"within".

Much work in cognitive psychology demonstrates that readers understand text better

when it is made more concrete. Constructing visual representations is a way of concretising

and can make apparent certain relations among parts that might otherwise go unnoticed

(Nickerson et al., 1985). Once a graph or diagram is available, the reader can bring perceptual

processes to bear on it. Graphs, diagrams and pictures were used extensively in the selected

passages. Students must

a) know how to read them and extract information from them;

b) realise that graphic aids are not just pictures - they are abstractions of complex concepts

and represent relationships in the form of symbols, numbers, and lines;

c) interpret and infer relationships, and finally draw whatever conclusions are appropriate from
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the data in the graphic aids (Singer, 1988; Singer & Donlan, 1989);

d) the spatial dimensions of represented elements must be held in working memory as reading

proceeds; readers need to identify visual representations from the text appropriate to the

purposes of their reading - that is, establish whether a particular diagram contains the needed

information; and

e) construct their personal visual representations of events or situations.

Readers in this study displayed several types of cognitive difficulties regarding

visualisation and the use of graphic aids. They failed dismally to extract information from

figures and to integrate it with the text. Visual representations were also often ignored - even

where the text explicitly refers to them With the exception of one, the readers did not display

any need to construct their own visual representations. This may be due to deficient

knowledge of the purposes of graphic aids, or readers may not have had the necessary

strategies and skills to construct suitable diagrams.

The high conceptual density and long complex sentences demand that the text must be

read, as also suggested by Ryan (1989), not by paragraph, but sentence by sentence or even

phrase by phrase. In this study some subjects did not attend carefully enough to detail and

skimmed over crucially important details. Others again became so caught up in detailed

reading that at the end of their reading they were left with a series of "small pictures" and no

holistic conceptualisation.

Because of the conceptual density of the material, the students perceived all the

information as important - quite rightly so for physiology text. It is however important not to

ship off just anything from working memory to long-term memory, but to make sure the

product is a quality one. According to Black (1985), when reading new material in an

expository text, .readers frequently construct a memory representation that is so cluttered with
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details and ill-structured that they wou1d have been better off just reading a summary of the

text. Since the purpose of reading a particular passage may change from time to time, readers

must sort, select and analyse relevant information from irrelevant information according to the

objective of reading. This cognitive function includes the selection and integration of

information from all available sources of information - written text, diagrams and graphs, and

prior knowledge - into a holistic meaningful relationship.

Texts rarely state explicitly all of the information needed to construct accurate

representation of events. The text usually contains just enough information to cue the

appropriate pieces of (prior) knowledge needed to make requisite inferences (Black, 1985).

Inference is an important elaborational cognitive function in text processing (Beech & Colley,

1987; Singer, 1988; Singer & Donlan, 1989). According to Ruddel (1993), inference is

"something that is derived by reasoning; something that is not directly stated but suggested in

the statement; a logical conclusion that is drawn from statements; a deduction; an induction"

(p.64). From this definition it can be seen that inference is a broad reasoning skill involving

analysis and synthesis, and that there are many different kinds of inferences. It has also been

suggested that all of the reading skills in interpretation rely heavily on inference (Ruddel, 1993;

Singer, 1988).

Feuerstein et al. (1986) posit that it is specifically inferential-hypothetical thinking that

is required in elaboration. Readers must make valid generalisations and inferences based on a

number of experiences. In reading physiology text, inferential-hypothetical thinking is

especially essential in viewing the body as connected, to link events described in text to

generate solutions to homeostatic imbalances in the body, and to explore possibilities to

explain physiological disorders. Inferencing is also important since the text coherence is weak.

This weakness (lack of thematic and linguistic cohesion) results in break-down oflogical
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What is evident is that inferential thinking is especially imperative in meeting the

continuity between sections as well as between sentences.

objectives of the course, as reflected in the set questions. Readers in this study failed to draw

and test inferences, interpretations, predictions and conclusions. Thus the poor performance of

students to the set questions may have as an important cause their inability to "read between

the lines" or go beyond the information given and create insight crucial for the exploration of

the given information. The observed inability to intemalise the information by the prevalence

of focus on the concrete, inability to hold on to previously acquired information, and inability

to manipulate information in "the head" in order to generate answers, inevitably contributed to

the pervasiveness of subjects' task-bound concrete behaviour (cf. Feuerstein et al., 1986).

According to Feuerstein et al. (1980), a lack of verbal skills may severely affect an

individual's ability to elaborate certain cognitive operations - "the absence of a specific verbal

code to designate certain attributes of an object will ... keep the child bound to specific tasks

that he can handle on a concrete level" (p.82). Without entering into a discussion of the role

played by language in the generation of thought processes, which is an ongoing debate, it can

be safely stated that no-one denies the facilitative role that verbal labelling plays in the

processes of generalisation. In this particular case, verbal labels represent important tools for

designating the mental operation itself. According to Feuerstein et al, (1986),

the existence of verbal codes permits the use of more complex relationships and
facilitates both the understanding and communication of more abstract components.
Confronted with more abstract and logical operations, the lack of verbal tools makes
the mastery of such tasks very difficult, and, in many cases, uneconomical to the point
of being prohibitive (p. 83).

The subjects in this study displayed impaired ability to express themselves and "think-through"

the reading task effectively. There was a tendency to rely heavily on the choice of phrasing

found in the text and information from the text was thus verbalised inaccurately. This
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deficiency was most apparent in the "beyond the text" comments which frequently consisted of

a series of disconnected phrases, and distortion of information.

Physiological relationships have been described as being typically propositional or

"horizontal" (Cliburn, 1987). This concurs with the manner in which physiological concepts

are portrayed in the sample text and passages. This type of conceptual organisation of the

subject matter closely corresponds to what has been termed an integrative reconciliation

learning process (Ausubel et al., 1978). Integrative reconciliation occurs when concepts,

perhaps originally perceived as unrelated or even conflicting, become unified into a more

holistic meaning (Cliburn, 1987). Such integrative reconciliation was not evident in the readers

of this study. What was apparent was the extensiveness ofa trait which Feuerstein et al.

(1980) term an episodic grasp of reality: "In essence, grasping the world episodically means

that each object or event is experienced in isolation without any attempt to relate or link it to

previous or anticipated experiences in space or time" (p.l02). In Feuerstein et al.'s conception

of cognitive functions, it represents both a cognitive modality of interaction with reality and an

energetic principle that determines the nature of the interaction. This author posits that this

trait reflects a passive attitude toward an experience because "no attempt is made by the

individual to actively contribute to his experience by organising, ordering, summating or

comparing events and thereby placing them within a broader and more meaningful context"

(1980: 102).

An analysis of readers' behaviour in this study corresponds to such a description. The

students experienced the text as presumably being complete in the information given, and

displayed no need to go beyond what is given. This, according to Feuerstein, reflects a

deficiency in the individual's need system that renders the active organisation of information

unnecessary and uneconomical.
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As pointed out by Vander et al. (1985), body functions can be thought ofin terms of

either their teleologic purpose (why they happen) or their mechanism of action (how they

happen). While physiology as scientific discipline deals primarily with the latter, some

consideration of teleology can be beneficial in orienting students to the integrative, or

homeostatic role of a particular function carried out by a tissue, organ or organ system

(Richardson, 1990). It is important for students not to confuse teleologic purpose with

mechanism of action in considering body functions.

According to Bruner (1966) the perception that the teleologic purpose of a body

function is of itself to elicit that function could lead a student into the trap of "perceptual

seduction". This can be illustrated by the following example taken from the topic of heart

valves: The heart valves open a) when the body needs more blood; b) as the pressure on one

side of the valves exceeds that on the other side. Response a) represents a teleologic response

while b) represents a mechanism of action response. It is thought that ifbefore any formal

instruction students' "preconceptual notions" (Ausubel et aI., 1978) of body function were

heavily slanted toward teleology, this could form the basis of a "preconceptual block" (Ausubel

et aI., 1978) toward the learning of physical mechanisms.

In the passage of the heart valves, such a teleologic perception of the described events

was evident in the readers. Readers showed a strong tendency to focus on the reason for the

valves to prevent back flow instead of focussing 011 the mechanism by which pressure changes

within the heart chambers cause the unidirectional flow of blood through the valves. In the

case of the passage on cardiac contraction which was cognitively very demanding, a teleologic

vs. mechanistic tendency of the subjects could not be established. This does, however, not

detract from its importance. In a study by Richardson (1990), for instance, it was

demonstrated that students of a college-level course in physiology have a strong tendency to
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think of body functions in teleological terms and that this tendency can be modified.

Organising physiological information in higher-level cognitive units (Black, 1985), may

have advantages. According to Black (1985) it is important for readers who have to overcome

the problems inherent in learning and remember an enormous amount of information that is

necessary for intelligent behaviour, to integrate the information into higher-level cognitive units

in memory. These would correspond to Kintsch and Van Dijk's (1978) macropropositions. If

learners can use their world knowledge for this integration, then they can later evaluate the

plausibility offacts about a topic without going through the labourious and time-consuming

fact retrieval process.

4.3.1.3 Information output and concept interpretation

According to Feuerstein the output phase is the third step in the thinking process. This is

where the information that was gathered in the input phase and worked on or processed in the

elaboration phase is communicated as an answer, solution or product. It is also during this

phase (especially the responses to questions) that the concept interpretation processes can be

elucidated.

Responses by the reader are determined first and foremost by the objective or goal

implicit in the question, or comprehension problem encountered. In this study readers

demonstrated a tendency not to analyse questions in order to establish a goal and devise a

strategy to reach the problem solution. This inevitably resulted in either a trial-and-error

response or impulsive responses based on the identification of particular terms or phrases in the

question. Subjects tended to convey their information in a random and unplanned manner.

A question such as "Explain the effect that removal of the heart valves will have on

heart function", requires a detailed, precise and solid argument to support a typical student
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response such as "The heart won't be able to function". Subjects apparently did not realise that

other individuals do not intuitively know what they think or know. This ineffective

interpersonal communication may also be exacerbated by inadequate recall of words, phrases

and sentences from their long-term memory as well as an inflexibility in the use of terms and

phrases.

Both selected passages rely heavily on graphically presented information which readers

need to be able to manipulate information visually. For instance, the question "How would a

defective mitral valve affect heart function?" requires the reader to internally visualise the

"new" situation and extract the implications of this "new" situation. This facility was, however,

mainly used by the subjects to locate structures and not predict, analyse, synthesise or infer

information as the need arose.

In attempts to respond to questions, subjects rarely invoked any knowledge relevant to

the topic. Reifs (1987) finding with physics students supports this. He found that students

rely on various knowledge elements stored in memory, try to retrieve one of them, and apply it

without much subsequent reasoning. The importance of invoking prior knowledge has been

stated above for concept interpretation. In this study there was a general failure to invoke

appropriate knowledge of various types or even to invoke any prior knowledge at all.

Knowledge storage versus processing. According to Reif(1987) "there is a tradeoff

between the amount of knowledge stored in memory and the amount of processing needed to

apply this knowledge in a particular instance" (p.317). All subjects in this study tended to

focus on memorising information, and when knowledge was invoked, there was little

processing after retrieval of such knowledge.

Subjects could often verbalise a statement on a particular concept, but frequently could

not interpret the statement, e.g. such as a definition. This lack of procedural interpretation
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knowledge (Reif 1987) was evident in all the subjects. For example, subjects would state:

"heart valves prevent the back flow of blood" (e.g. A3:40), but when asked to explain how the

valves facilitate efficiency of the heart, they could not provide an appropriate explanation.

Their responses were usually trial-and-error - most did not even try to establish a relationship

between valvular action and heart efficiency.

Subjects encountered inconsistencies which they did not know how to resolve. Their

propensity to detect such inconsistencies were however very low (see below), and when they

did detect these, they generally did not know how to resolve it. For example, the "pulling

action" of papillary muscles on the chordae tendineae and the resultant closure of the valves

appear inconsistent to most subjects. They would read the sentence over and over, and failing

to resolve it would then just continue reading. Moreover, most subjects at one point or

another exhibited incorrect concept interpretation. For example, several subjects interpreted

the prevention of back flow of blood to be the same as the prevention of the mixing of

oxygenated and deoxygenated blood (A3, A8 and A2) and also that the back flow of blood

may result in disease (A6).

From readers' responses to the questions and verbalisation during elaboration it is

evident that they coped better with the "facts" which they could commit to memory. Effective

conceptual understanding as measured by the questions did not occur. A question such as

"How would high blood pressure affect the functioning of the heart valves?" requires

reasoning, analysis and prediction based on the information available in the passage. However,

subjects could not find any relation between the question and the text information and did not

have any knowledge of a strategy to employ to analyse the question or to embark on an

appropriate plan of action.

Awareness of personal cognitive difficulties. Subjects often recognised and stated that
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they were uncertain or confused about a particular concept. Realising their difficulty, some

subjects left the problem and proceeded with their reading - usually because of a lack of

strategies to resolve the problem There were also several subjects who were quite unaware of

their comprehension failure.

4.3.2 Cognitive functions of comprehension monitoring

An important aspect of problem-solving competence is metacogn:ition - the ability to know

when and why to use a procedure or cognitive function (Lochhead, 1990). Comprehension

monitoring is one kind of activity under the umbrella of metacognition that readers need in the

construction of their knowledge. It consists of behaviours that allow readers to judge whether

comprehension is taking place and he1p them decide whether and how to take compensatory

action when necessary (Casanave, 1988; Wagoner, 1983).

Suggestions of meta cognitive strategies are well documented. Woolfolk (1989) listed

the following strategies: checking to see ifyou're understanding, predicting outcomes,

evaluating the effectiveness of attempting a task, planning the next move, testing strategies,

deciding how to apportion time and effort, and revising or switching to other strategies to

overcome any difficulties encountered. Baker and Brown (1984) recommend that readers

must be made aware of a) basic strategies for reading and remembering, b) simple rules of text

construction, c) differing demands of a variety of texts to which this knowledge may be put,

and d) the importance of attempting to use any background knowledge available.

For critical reading, readers need to activate criteria or standards (schemata) to

evaluate their understanding. Baker (1985) developed a framework of different standards

which included the detection of lexical errors, development of grammatical constraints, and

standards for consistency within the text and with prior information. Readers should thus
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apply evaluation standards not only to their own cognitive processes but also to the text.

Of the three basic categories of standards described by Baker (1985), the readers in this

study demonstrated a general metacognitive unawareness. The lexical standard was the only

standard used, but then too, it was not always applied successfully by all the readers.

According to Baker, the lexical standard is a more primitive standard, and although it should

be included in any reader's repertoire, it should be used in concert with the higher-level

semantic standards which take into account larger segments of the text.

Failure to test for internal consistency (checking that ideas expressed in the text are

consistent with one another) reflects not only a lower level of comprehension, but also

inadequate critical reading (cf Just & Carpenter, 1987). Failure to test for external

consistency (checking that ideas expressed in a text are consistent with what is already known)

suggests that subjects accepted the facts presented in the text at face value. Whether or not

this apparent failure to use the external consistency standard is a real phenomenon remains an

important empirical question. Baker (1985) suggests that it may be an unfortunate by-product

of instructional approaches stressing that the answer is in the book.

The exclusive use of the lexical standard and the concurrent unawareness or neglect to

employ the external and internal consistency standards by the subjects of this study, correspond

to the findings of Baker (1985). This latter author also demonstrated that students oflower

verbal ability are less likely to evaluate for consistency with prior knowledge, and that they also

have a less extensive knowledge base. A further outcome of Baker's study was that instruction

in the use of standards by tertiary-level students did not affect the total number of standard

applications, but did affect which standards would be used.
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4.3.3 Cognitive strengths of learners

As can be seen from the above discussion, the cognitive functions of subjects in this study in

relation to what conceptual understanding of the text demands, is severely compromised. In

order to complete the model of the cognitive repertoire of students who read to learn, an

exposition of their cognitive functions that are in place can inform one further on the nature of

intervention needed.

All subjects were comfortable with English as medium - both to verbalise their thoughts

and to read the text. The impaired verbal skills which they displayed may rather be ascribed to

the scientific writing style than subjects' lack of English proficiency. This has been earlier

observed in a study by Wesso (1992) which included English speakers.

Unfamiliar terminology induced some subjects to clarify some of these terms. Those

who did this were however not consistent, and frequently subjects would gloss over terms

which they were clearly unfamiliar with. The high incidence of scientific terminology

apparently caused them to assume these to be part of the text and they apparently did not

conceive of these new terms as impeding their reading to learn.

Those subjects who did consult the available graphic aids, treated them in a very

superficial manner. That is, they focussed mainly on the annotations of the diagrams, with no

attempt to supplement, or integrate the visually presented information with the written text.

This may be due to an inability to analyse and process diagrams, or it may be due to an

unawareness that diagrammatic representations hold information beyond that presented by

labels.

Few subjects recognised aspects in the text that related to their prior knowledge.

Considering the fact that they all had completed at least one and a half years of tertiary-level

science, it was especially noteworthy that so few drew on related general scientific information.
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There was no attempt to integrate newly encountered information with existing knowledge.

When comprehension breakdown occurred, those subject who were aware of their

difficulties often displayed a trail-and-error approach to resolve a problem Often, subjects

who were acutely aware of their failure to comprehend, did not have the appropriate problem-

solving abilities or knowledge to bring to bear to resolve comprehension problems.

Given the constructive nature oflearning, it is clear that competent knowledge construction or

appropriate conceptualisation did not take place in these subjects. It is, however, not clear

how students so lacking in problem-solving abilities managed to progress to their second year

of tertiary education. It may be possible that such students have strategies, such as rote

learning, by which they circumvent understanding and survive academically, or it may be, as

has been suggested by Lawson (1985), that teachers and textbooks, for instance, encourage

rote learning and do not make appropriate demands on students to develop and employ higher

order thinking skills.

4.4 SUMMARY AND IMPLICATIONS FOR INTERVENTION TO IMPROVE

READING TO LEARN

Analysis in this chapter demonstrated the complexity of the text material and the cognitive

demands it places on physiology readers when they learn from text. Physiology presupposes

an intellectual process rather than a body offacts (Samsel et al, 1994), and one of the more

difficult aspects of teaching physiology is helping students understand physiological

interactions among the different levels of organisation in the body (Cliburn, 1987).

Unfortunately, as observed for other types of science text (Holliday et al., 1994; Norris &

Phillips, 1994) and revealed here, physiology text has all the characteristics which encourage
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the memorisation of facts.

Some of the main cognitive demands that physiology text imposes on students who

engage in reading to learn from it are:

a) Planful, systematic and active processing during reading. This includes the setting of

objectives; identifying, accessing and coordinating relevant information from all available

sources - including prior knowledge of different types; determination of both the external and

internal organisation of the text; careful word, phrase and sentence analysis; bringing inferential

processes to bear on reading in order to construct a coherent representation of the information;

and clear and effective communication of students' understanding of the constructed

information;

b) Constant and continuous monitoring and evaluation of comprehension as reading

progresses. Students should not only be aware of their own thinking processes during the

reading process, but employ the necessary strategies when they recognise that comprehension

breakdown occurs;

c) Awareness and understanding of the special demands that physiology text makes on its

learners. Firstly, a fundamental requirement of physiology is that students develop and learn to

use an appropriate framework, or schemata to make sense of the information in the text by

fitting the new information into an already established framework. This is especially important

in view of the vast amount of prior knowledge required to understand physiological concepts.

Secondly, it is not only physiological concepts that impose special demands on the cognitive

capacities oflearners, but also the associated specialised terminology. Students must especially

be aware of vocabulary that is used in new and specialised ways, the meaning of which may not

necessarily be immediately evident. Thirdly, the linear arrangement of physiology text

encourages rote learning, and students need to reorganise the information - both externally and
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internally. Fourthly, conceptual understanding in physiology demands relational understanding.

Students need to establish appropriate links between main elements in the text and construct

holistic meaning from seemingly disconnected elements. Fifthly, learners in physiology need to

embrace the principles ofhomeostasis and the interdependence of systems. This demands the

ability to establish the usefulness or application of the information in order to understand how

homeostasis is achieved and maintained.

It was further demonstrated in this study that there is a very poor match between the

text and the students who read physiology. The extent of cognitive dysfunctions in the

subjects of this study was profound. Although the deficit model for characterising learning

problems has been criticised (cf Ruddel, 1993) for not taking into account students' alternative

conceptions, it is evident in this study that readers lack appropriate and relevant prior

knowledge (see Section 4.2.1) or means to activate and access it. (Since the misconceptions

research emanates from a different research paradigm, this investigation did not elaborate on

how students' existing conceptions affected their thinking). Students further do not exhibit the

required active approach to their reading; and they lack in particular the cognitive strategies

that are demanded by the text for comprehension fostering and comprehension monitoring.

After at least four years of high school and one and a half years of tertiary level science

instruction and learning, students have not acquired the cognitive skills appropriate for reading

to learn and reason in physiology. Clearly, for the subjects in this study, the appropriate

cognitive functions were not in place at a time when they were half-way through their under-

graduate course, and some important questions arise: a) At what stage will they develop these

abilities? and b) Will these students acquire scientific literacy before they graduate?

Scientific literacy in physiology demands the cognitive abilities described above, and

these clearly do not develop adequately when left to be acquired in an incidental fashion.
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Students apparently do not navigate and "succeed" in their academic courses on the strength of

the cognitive abilities appropriate to the academic task demands, but on the strength of other

strategies such as rote learning.

The explicit teaching of cognitive abilities has been researched and practised

extensively (Nickerson, 1994; Nickerson et at, 1985; Sternberg, 1994). In this regard, the

notion of teaching thinking, as part of subject matter instruction, which centres on the

acquisition of content by virtue of an understanding of the thinking skills intrinsic to the

content itself (Herber, 1985; Mehl, 1989, 1994; Wesso, 1992) is particularly attractive.

The discussion above constitutes a prescriptive theoretical model that specifies the underlying

thought processes and knowledge whereby readers can effectively achieve the desired

intellectual performance required for reading to learn in physiology. The following have

specifically been explicated:

a) Students' underlying knowledge and thought processes, and their behaviour and capabilities

which they bring to the reading to learn situation; and

b) the desired behaviour, capabilities, associated underlying knowledge and thought processes

needed for effective reading comprehension and monitoring in physiology.

These models can now be used to inform on how intervention can be designed to

address the following:

a) The instructional transformation process Si"'-+Sfwhereby the student's underlying

knowledge and thought processes can be changed appropriately (where Si= student in the

initial state; Sf= student in the final state); and

b) The implementation methods whereby this instructional process can be achieved in actual

practice.
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CHAPTER 5

AN INSTRUCTIONAL TRANSFORMATION PROCESS TO IMPROVE

INTELLECTUAL PERFORMANCE: IMPLEMENTATION TO ACHIEVE

TRANSFORMATION

5.1 INTRODUCTION

Consideration of the preceding issues (Chapters 3 and 4), which deal with the

description of the underlying knowledge and thought processes that facilitate good intellectual

performance when learning from physiology text, provides a basis for systematically designing

instruction whereby such intellectual performance may be attained.

Such instruction or intervention is based on an educational approach advocated by

prominent educational psychologists and science educators (cf Glaser, 1984; Resnick, 1987)

which, in addition to the acquisition of information (or content), focuses on the learning of

higher-order thinking strategies. The rationale for such an approach has been explicated in

previous chapters.

However, from an interventional or instructional view, two major assumptions persist

in achieving goals for content acquisition and the development of intellectual competence. The

first is the continuing assumption that appropriate instructional methods are not available.

According to Lowery (1980), "In attempting to determine the important elements that

compose instruction, researchers are continually confronted with the problem that not enough

of the good instructional techniques have been identified, described, or organised in a way that
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will allow the researcher to reproduce them on a consistent basis" (p.279). The general view

is that, even though many systems for observing instructional interaction are now available,

researchers are not sure what the necessary elements for good teaching are or if some still need

to be created (Lowery, 1980).

Secondly, is the assumption that improvement in cognition occurs through some

independent system external to the mainstream curricular programmes. For example, the

assumption that thinking skills can be acquired through practice of generic strategies and then

later transferred across any domain of information (e.g. Feuerstein et al, 1980; Feuerstein &

Feuerstein, 1994; Perkins, 1986). It is the contention here that both assumptions are invalid.

Firstly, educational research in the past two decades has investigated instructional

variables and conditions that show dramatic improvements in knowledge acquisition (Resnick,

1987). Thus, it is possible to define in concrete terms instructional strategies that can improve

directly the acquisition of knowledge.

Secondly, contemporary educational research findings strongly indicate that

improvements in higher-order thinking are best achieved within domains of conventional

subject matter (Perkins & Salomon, 1989; Resnick, 1989).

Thirdly, research testing instructional variables and conditions for the improvement of

cognitive abilities in the employment of knowledge, although sparse in number, offer some well

developed methods for classroom application (cf Tennyson, 1988). The area of teaching

thinking skills has however received more extensive attention by researchers concerned with

improving general thinking skills (cf Nickerson et al, 1985; Resnick, 1987; Sternberg, 1994).

Ofparticular significance is the current attention that cognitive process-based

instruction has received. Cognitive process-based instruction rests on the premise that

cognitive processes can be studied and that knowledge from such studies can profit students
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(Lochhead & Clement, 1979). According to Wong (1992), the epistemological question is,

"What are the component processes that underlie skilled reading, skilled mathematics

performance, and skilled writing?" (p.152). Once these have been isolated, instruction can be

designed to teach them to students and presumably help them achieve better results than

groping and guessing and relying on trial-and-error on what to teach in order to produce

students who are competent at reading to learn from text.

This approach has been emphasised by reading psychologists and educators (Gamer et

al., 1991; ReU: 1990; Tierney & Pearson, 1983) and underlies a successful study of Langer

(1985) on the cognitive and metacognitive processes of children's reading. It also underlies the

intervention presented in this chapter.

This chapter presents an instructional design framework that integrates cognitive learning

theories and instructional prescriptions to achieve an effective learning environment that

improves students' cognitive abilities to employ and extend their knowledge. That is, a model

of instructional design will be proposed that links various forms of cognitive learning to

appropriate methods of instruction. Furthermore, the objective is that the instructional model

and resultant instructional method( s) will ensure that students learn not only the desired kinds

of knowledge by conceptual change, but also those thought processes required to undergo

appropriate conceptual change when they read to learn from physiology text.
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5.2 INSTRUCTIONAL PLANNING

5.2.1 Principles of intervention design

Prominent in the social constructivist work on learning is the attention given to expert

modelling of performance and various forms of assistance and feedback to learners in the

context of task performance. Thus, according to the principles of instructional design

articulated by Engelman and Carnine (1982), for purposes of initial instruction in complex

skills, cognitive processes and operations must be made overt and explicit, so that all the steps

in the process can be demonstrated. As soon as students master the operations, guidance is

gradually withdrawn so that the process becomes covert.

Collins et al. (1989) use the term "cognitive apprenticeship" to describe a set of

elements that is common to successful programmes in mathematics, writing and reading

comprehension. The core of their approach consists of modelling and coaching, which are

gradually "faded" as responsibility for performance is transferred more completely to students.

Modelling involves showing an expert carrying out a task so that students can observe and

build a conceptual model of the processes that are required to accomplish the task. In

cognitive domains, this requires the externalisation of usually internal (cognitive) processes and

activities. Coaching consists of observing students while they carry out a task and offering

hints, scaffolding, feedback, modelling, reminders and new tasks aimed at bringing their

performance closer to expert performance.

Another component of their approach, namely scaffolding, refers to the support the

instructor provides to help the students carry out a task. These can be in the form of

suggestions, assistance or of physical support, as with the cue cards in Scardamalia et al.'s

(1984) procedural facilitation of writing.

In an adaptation of cognitive apprenticeship Anderson and Roth (1989) describe a
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design to promote conceptual change and meaningful understanding of science. They

characterise three kinds of activities occurring in classrooms that function most successfully as

"scientific learning communities". They are "establishing problems that engage students in

scientific reasoning, modelling and coaching through scaffolded dialogue, and student work

that leads to the independent use of scientific knowledge and integration with other scientific

knowledge. "

An important elaboration of Anderson and Roth's on Collins et al's ideas is the explicit

inclusion of a first stage of establishing a problem The inclusion of this stage is a response to

specific problems in the teaching and learning of science for understanding, most notably the

problem of conceptual change. This stage is critical for bridging the gap between the teacher's

scientific perspectives and those of the learners.

Other elaborations on Collins et al.'s (1989) ideas in Anderson and Roth's formulation

lie in the tactics suggested for conducting the modelling and coaching. These are designed to

promote the process of conceptual change necessary for students to integrate the new scientific

knowledge with their own prior knowledge. Such tactics include, for example, modelling that

explicitly connects or contrasts scientific ideas with the ideas that students have expressed and

coaching students to compare their answers to key questions at different points in time and

write about how their ideas have changed.

This study will make use of components of the cognitive apprenticeship model to

design and execute intervention through which the thinking processes involved in conceptual

learning of physiology from text will be explicitly taught.
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5.2.2 A framework for instruction

The consideration of the above issues of cognitive apprenticeship (Collins et al., 1989), the

parameters ofMLE as formulated by Feuerstein and Feuerstein (1994), and the

recommendations for reading in content areas, as articulated by Herber (1985), form a basis for

a framework for instruction designed on the following principles:

a) Focus on subject-matter

b) Show students what is required of them to do:

• Construction and utilisation of relevant background knowledge

• Construction of meaning from text

• Acquisition of problem-solving skills

• Metacognitive awareness and action

• Construction of meaning through social interaction

c) Provide structure which assists students before, during and after reading.

The intervention is to be applied in two main ways. Firstly, the intervention aims to

facilitate the construction of schemata or prior knowledge. The assumption that prior

knowledge (what the reader or learner knows before reading new information) affects

understanding from reading is one of the most powerful and important assumptions

undergirding recent theory, research and instructional methodology in the field of reading

generally and content reading specifically. Facilitative schemata for general characteristics of

learning physiology from text need to be put in place. Facilitative schemata for expository text

organisation will receive special attention because of its powerful heuristic properties (cf

Armbruster et al., 1989; Samuel et al., 1988; Wesso, 1992).

Secondly, guided reading for comprehension proficiency through cultivation of

requisite cognitive processes will be provided by a set of heuristics developed for physiology
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content. These heuristic steps were designed on the basis ot: and incorporate, those

behaviours, underlying knowledge, and cognitive processes identified and described in this

study as requisite for conceptual understanding of physiology content from text.

An outline of the intervention programme THRIFT (Thinking and Reading

Improvement From Text) is represented in the graphic organiser below (Figure 3).

Figure 3: Graphic organlser of the THRIFT programme

Reading
I

PostreadingI
Science

I
learning & Science Text

I

THRIFT

I
I

Prereading

I
Text Processing

I
Text Organisation

I
Demand

I
I

Chapter
I

Passages

5.2.2.1 Facilitative schemata for understanding expository text (phase I)

Reading comprehension consists of the construction of meaning that results from an interaction

between the characteristics of the text and the resources (concepts or schemata) of the reader

(Singer & Donlan, 1989). Readers do not extract meaning from the text, but tend to construct

meanings that are consistent with their activated schemata (Singer & Donlan, 1989).

Appropriate schemata must thus be in place before effective reading to learn can occur.

The aim of the first phase of intervention is for readers to acquire the necessary
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knowledge/schemata of the nature of expository text, the cognitive demands of effective

reading to learn, and the demands oflearning physiology from text. This can be considered as

a bridge to comprehension and new learning or a scaffold onto which the construction of

conceptual understanding from text can take place.

Particular attention will be given to three conditions of idea-related background

knowledge that affect learning and which have implications for teaching content area reading:

background knowledge must be (1) sufficient (2) appropriate and accurate, and (3) activated

(Anders & Lloyd, 1989). Failure to attend to these may result, for instance, in background

knowledge and alternative conceptions that interfere with new learning.

Nature of the learning process (Metaleaming): According to Duit (1991), it is to be expected

that a change in students' conceptions oflearning will improve learning. Most students hold a

very "traditional" view of what learning is. It is a passive one - the idea offilling prepacked

"nuggets of truth" (Kelly's 1955, term - in Duit, 1991) into waiting stores. Since this view

determines learning behaviour considerably, students must be made aware that conceptual

learning occurs when meanings about content area knowledge are (1) gradually constructed,

(2) by the learners, (3) through a series of interactions with content, (4) with new information

integrated with old information (5) so that the result is conscious awareness of what

information is being learned, when it will be useful, and how to use it effectively (Anders &

Lloyd, 1989). Moreover, learners need an awareness, and the cultivation and control of

appropriate cognitive and metacognitive processes for conceptual learning from text.

Students also need to be aware of an important development in recent thinking about

the learning of science regarding the recognition that people form views of the world from

experiences outside the classroom, and that this learning may be more permanent and
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influential in their lives than anything they are told in classrooms (White, 1988) or encounter in

texts.

Nature of expository text: Comprehension of scientific/physiological concepts from expository

text is often less than optimal because of readers' unfamiliarity with the text genre. Knowledge

of the potentially comprehension-impeding features characteristic of this type of text cou1d

serve to modify readers' expectations and approach to their reading and learning from

physiology text.

Some of the main features of expository text which must be emphasised are: conceptual

density and length of sentences; high level of abstraction and presence ofunfami1iar concepts

(Taylor & Beach, 1984); preponderance of "paradoxical jargon" (Ryan, 1989); linear

representation of information (Cliburn, 1987); purposes, use and translation of symbol systems,

formulas, graphic aids and tabu1ar data (Singer & Donlan, 1989); organisational patterns of

text (chapter and passage levels); emphasis on particu1ar types ofparagraph structures;

assumptions of prior knowledge; the purpose and use of this text type; and the special

cognitive demands of physiology text.

Learning objectives: Learning objectives define the type oflearning desired within the scope

of the appropriate goals associated with knowledge acquisition and employment. "In contrast

with behavioural objectives which define end-of-instruction learning outcomes, learning

objectives define the type of knowledge and cognitive abilities to be acquired" (Tennyson &

Rasch, 1988:372). Learning objectives are important in the planning of integrated learning and

imply given cognitive processes oflearning or thinking (Tennyson & Rasch, 1988).

A particularly useful way in which Students can be guided to understand the level of
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thinking required is to introduce them to (emphasise) the types of questions aimed at different

levels of thinking: memory (recognising or recalling information), translation (expressing ideas

in different forms), interpretation (constructing a generalisation that can be used for inferring

the meaning ofan event), application (using a given generalisation or concept to solve a

problem), analysis (dividing a problem into its several parts or following a procedure to

separate a problem into its constituents), synthesis (combining elements to make a whole which

has its own properties), and evaluation (making judgements by applying criteria) (Singer &

Donlan, 1989).

Levels of comprehension: The academic role of reading, viz. the construction of meaning that

in some way corresponds to the author's intended meaning, must be conveyed to students.

Moreover, it is important that students understand that the purpose of reading is not only to

understand the text, but to extend their knowledge in the subject area, and apply knowledge

constructed from reading (Ruddell, 1993). To facilitate this students should be aware of the

different levels of comprehension.

Different taxonomies have been adopted by different authors to identify three or four

levels of comprehension. They are all, however, essentially modifications of Bloom et al.IS

(1956) taxonomy of objectives, modified for reading comprehension and refer to the same

thing (cf Rubin, 1992; Ruddell, 1993; Singer & Donlan, 1989).

Examples of questions aimed at different levels of comprehension (applied to

cardiovascular physiology) appear in Figure 4.

a) Reading for literal comprehension ("reading the lines") involves the reader constructing

meaning that accurately reflects the author's intended message. It is text explicit; i.e. answers

to literal questions require the reader's understanding of ideas directly stated in text.
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• Memory: Recognising or recalling information,
What does the EKGrepresent?
Where is the mitral valve located?

• Translation: Express ideas in different forms (words to pictures, pictures to words, numbers to
graphs, etc.) or language (paraphrase).
In your own words, explain Starling's law of the heart.
Use the data in this blood pressure table to draw a graph to depict changes in systolic and
diastolic pressure before, during and after exercise.

• Interpretation: Constructing a generalisation that can be used for inferring the meaning of an
event.
After standing for a prolonged period, the person fainted. Why?
(Construction of generalisation: Continuous blood flow to the brain is necessary for maintaining
consciousness ).
(Observation: Prolonged standing caused blood to pool in lower extremities).
(Inference: Therefore, the blood supply to the brain was reduced, resulting in reduced
consciousness or fainting).

• Application: Use a given generalisation or concept to solve a problem.
Ofwhat use is information about the heart sounds?

• Analysis: Dividing a problem into its several parts or following a procedure to separate a
problem into its constituent parts or following a procedure for arriving at an answer.
What homeostatic disorder(s) does cardiac arrhythmia represent? (Identify the different possible
causes of arrhythmias. Then discuss the resultant deviation in cardiac rhythm as a result of each
of the causes.

• Synthesis: Combining elements to make a whole which has its own properties.
How do the different components of the cardiac conduction system contribute to synchronous
heart contraction?

• Evaluation: Makingjudgements by applying criteria.
Which mechanism is more efficient at correcting blood pressure fluctuations caused by postural
changes - the baroreceptor reflex or chemical control? (Formulate criteria for efficiency:
sensitivity to change in blood pressure and rapidity of mechanism).

Figure 4: Examples of questions aimed at different levels of thinking (modified from

Singer and Donlan, 1989)
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b) Interpretive comprehension involves meaning derived by reading "between the lines". The

reader perceives the author's intent or understands relationships between text elements that are

not directly stated. This comprehension is text implicit; it requires the reader to draw

conclusions in response to unstated cause-effect relationships or comparisons, perception of

nuance, and symbolic use oflanguage and ideas.
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c) Inapplied comprehension meaning is derived by reading "beyond the lines". Readers

understand unstated relationships between information in text and information in their prior

knowledge base. This type of comprehension is schema implicit (experienced based); answers

to questions at this level require integration of new information into the reader's previous (fund

of) knowledge, from which new information emerges (Ruddell, 1993).

These three levels of comprehension constitute a hierarchical arrangement of the

quality of meaning a reader constructs during and after encounters with text. At the lowest

level, the reader understands the author's intended meaning; at the second, the reader draws

conclusions and sees implied relationships; and at the highest, the reader perceives new

relationships. The goal of comprehension instruction is to teach students to achieve all three.

Cognitive demand of reading to learn physiology: Students should be mindful that all levels of

comprehension involve interaction between prior knowledge and previous experience,

information available in the text, and the readers' stance in relationship to the text. Moreover,

students must be aware that specific behaviour and abilities, as described by course objectives

and explicated in Chapter 4, require particular knowledge and cognitive processes (ReU: 1990)

which they mayor may not have.

A directed reading approach to teaching content may be useful here. It includes

strategies and the organisation of information; it helps students develop the kind of thinking

skills that they need to be effective learners of content material (Rubin, 1992).
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5.2.2.2 Facilitative schemata for expository text organisation (phase IT)

Texts usually have a plan for organising and presenting information within chapters (Singer &

Donlan, 1989). However, information in physiology textbooks is arranged linearly with no

textual indicators for relationships between headings for example. Moreover, physiological

relationships as presented in physiological passages are viewed as propositional or "horizontal"

(Cliburn, 1987).

In order for comprehension to occur, such apparently disorganised information must be

transformed into conceptually integrated knowledge (cf. Taylor & Beach, 1984). Students

need to construct a coherent schema from pieces of text information in working memory

(Spiegel & Barufaldi, 1994) in order to comprehend. This involves selecting, organising, and

integrating information (Mayer, 1985, 1989). Competence in analysing text for its intrinsic

organisation is especially important in expository text comprehension (Armbruster et al.,

1991).

Text organisation or text structure refers to the organisation of the text material that

reflects "the system of arrangement of ideas in text and the nature of the relationships

connecting the ideas" (Anderson & Armbruster, 1984: 195). Text structure can be effectively

taught with graphic organisers (cf. Flood et al., 1989) and Wesso (1992) successfully taught

the structure of physiology passages to university students using content-specific graphic

organisers.

The importance of teaching the schemata for text structure can be motivated further as

follows: Research has shown that (1) the recognition of text organisation is an aid to the

comprehension of text; (2) graphic organisers aid in recall of text, and students can be

provided with prereading graphic organisers or can be taught to construct post-reading graphic

organisers; and (3) combining text organisation knowledge and graphic organisers benefits
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both retention and comprehension (cf. Gordon, 1990; Moore & Readance, 1984; Samuel et

al., 1988; Spiegel & Barufaldi, 1994).

By way of examples, the structure of the chapter on the heart can be represented by a

graphic organiser as in Figure 5, and at the passage level the expository patterns ofproblem-

solving and compare/contrast are presented by graphic organisers in Figure 6. (Figs. 5 and 6

appear on p.145).

5.2.2.3 Guided reading to cultivate requisite cognitive processes (phase Ill)

This phase aims at providing instruction in the acquisition of performance and knowledge

acquisition processes. Particular attention should also be given for the necessary conceptual

change to occur during reading. To facilitate reading to learn proficiency, it is recommended

(Herber, 1978; Ruddell, 1993) that structured guidance be provided before, during, and after

reading.

A heuristic approach has been successfully used by various researchers to teach

thinking skills (cf. Nickerson, 1994), and Wesso (1992) demonstrated the usefulness of

heuristic strategies in teaching thinking and reading skills. A heuristic strategy is, like

algorithms, a procedure for accomplishing a goal, but unlike an algorithm, it does not

necessarily produce the desired result. It is a "rule of thumb" that often works, but not always.

lts value is that it gives one a better chance of realising one's goal than a trial-and-error

approach, in some cases by a considerable amount (Nickerson, 1994).

Heuristics are particularly suitable as "structures for guidance" for two reasons. Firstly,

for many problems, e.g. reading comprehension, there is no proven algorithm that will solve it.

It is however possible to specify heuristic procedures that will yield acceptable solutions with

sufficiently high probability to make them well worthwhile.
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Figure 5: Graphic organiser for the text book chapter "The heart"
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Figure 6: Graphic organisers depicting two structure types of expository passages
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Secondly, a given heuristic can be applied to a wider assortment of problem types (Nickerson,

1994). The heuristics for a problem-solving approach to reading physiology are presented in

Figure 7.

Figure 7: Problem-solving heuristics for processing physiology text

POST-READING
• Establish how this information connects or relates to what is already known (e.g. question

whether the information is supplemental, contradictory, or supportive to what was known
before).

• Establish an application for the information (e.g. question in what way normal body function
depends on this aspect).

• Reflect and evaluate the effect of your activities (e.g. question whether objectives have been
met, what new knowledge has been generated, what level of understanding has been achieved,
and of what usefulness is the information which has been constructed).

PRE-READING
• Skim the passage.
• Establish the objectives for reading (e.g. to get background information to another section, or to

achieve a particular course objective).
• Assess the organisation of the chapter.
• Identify relevant prior knowledge (e.g. heart muscle histology, relevant anatomy).
• Determine what related information is available (e.g. diagrams, graphs, glossary, etc).

READING
• Organise information other than linearly (e.g. use graphic organisers to find an appropriate

representation of conceptual organisation and integration).
• Analyse terminology, phrases, and sentences (e.g. note and clarify unfamiliar terms, ensure

that each phrase and sentence contributes to understanding).
• Visualise the situation/event (e.g. consult graphic aids or construct your own).
• Coordinate information from all sources (e.g. ensure that all iriformation - prior knowledge,

graphic aids - are cohesive, consistent and supplemental and supportive).
• Monitor, Control, and Evaluate comprehension (e.g. question whether comprehension is

taking place, and ifnot, why not).

According to these problem-solving prescriptions (Fig. 7), before reading for meaning-

making, readers must orientate and prepare themselves for a strategic approach. This demands

the following pre-reading activities:
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1. Skimming thepassage. This activity is essential for general familiarisation and orientation

toward the reading task.

2. Objectives. Learning objectives must be considered or formulated in order to understand

the problem, set a goal, devise a plan, and to reflect. It is vital to focus on course objectives

which may differ from objectives formulated in the textbook, and to note, in particular, those

objectives aimed at higher levels of thinking.

3. Text pattern. The organisation of information must be established in order to find a

representation which will facilitate the determination of relations between elements in the text,

the integration of information, and monitoring of text coherence.

4. Prior knowledge. Relevant existing knowledge must be identified, accessed and activated.

These include: text knowledge, related physiological knowledge, general knowledge, basic

scientific principles, and experiential knowledge. It is especially important to understand the

assumptions that the author has of the readers knowledge.

5. Related information. Determination of what related information is available - including

aspects of prior knowledge. Related information also includes the determination of the

availability of graphic aids, a glossary, related text located elsewhere, and information gained

from lectures, praeticals or tutorials.

Once the pre-reading activities have been executed, readers should construct

conceptual understanding by engaging in the following heuristic for reading. During this

reading stage the graphic organiser, initiated during the pre-reading stage, should be completed

and serve as a framework or scaffolding for constructing understanding.

1. Establish or confirm thepurpose for reading. Reasons for reading varies, with an

unspecific number of possible cognitive, social, practical, and affective overlays. Readers must

thus, for example, establish whether the purpose for reading is intrinsic or extrinsic - internally
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or externally imposed (Ruddell, 1993). This will enable the reader to enter the text with

certain expectations and predications.

2. Organise information. Detect and identify major concepts and ideas, perceive relationships

between concepts and ideas in order to find a representation which will facilitate inferencing,

generalising and evaluation.

3. Analyse terminology, vocabulary, phrases and sentences. Clarifying and becoming familiar

with vocabulary that labels important concepts, elements and relationships is a critical

component of comprehension and learning (Chiapetta et al, 1991; Ogens, 1991). It comprises

learning the language of the subject area and should be executed within the context of the text

(Ruddell, 1993). The weakness associated with mastering vocabulary by means of "definition-

by-synonym" should be emphasised since the difficulty of words more often lie not in the word

itself: but rather in the relationship to the context within which it is used (Nagy, 1988).

Identification of both textually-new and knowledge-new terminology should be noted

and special attention given to "paradoxical jargon" which has different meanings for physiology

and for non-science use.

Analyses of phrases and sentences are crucial for establishing relationships between

elements and the main topic, and are thus essential for the construction of meaning. Attention

should be given especially to relational words which occur frequently in physiology (science)

text. Among these are words that imply cause and effect (therefore, because), time (during,

after, before), comparisons (like, different, than), degree of importance (essential, least), and

evaluation (best, poorest) (cf Singer & Donlan, 1989).

Focus must be placed on important information rather than peripheral information.

4. Visualisation. Visualisation represents visual thinking and allows the reader to bring

perceptual processes to bear on the problem-solving situation (Nickerson et al., 1985). A
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visual representation can also make apparent certain relations among parts of a passage which

otherwise may go unnoticed and allow interpretation of otherwise unstated information.

Since physiology encompasses the mechanisms by which body structures function, visualisation

of the structures and processes is a powerful means to concretise these at different levels of

body organisation. Visualisation is facilitated by textual aids (diagrams, graphs, photos, etc.)

and when these are not available the readers have to construct their own.

5. Connect or coordinate all sources of information. Since not all information in the text is

explicit, readers should be intent on ensuring that information from the text, diagrams and prior

information is coherent and coordinated so that it optimally supplements text and facilitate

interpretive and applied comprehension.

Physiology text is replete with graphic aids. Understanding these will enable students

to draw conclusions based on evidence, and to evaluate interpretations and conclusions (Singer

& Donlan, 1989). Information presented by diagrams must be compatible, consistent and

supplemental to the written text.

Synthesising new learning by integrating all sources of information not only ensures

active construction of meaning, but the generation of new relationships and thus new

knowledge.

6. Monitor, control and evaluate comprehension. Metacognitive functioning is a critical part

of the reading process. It contributes to the meaning the reader constructs by monitoring the

quality of that meaning. Metacomprehension demands that the reader activate standards or

schemata for detecting lexical errors, logically inconsistent text-based inferences, and

inferences inconsistent with prior knowledge (Baker, 1985; Baker & Brown, 1984). In other

words, readers have to apply standards not only to their own cognitive processes, but also to

the text.
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Once reading has been executed, it is crucial for the reader to reflect on the meaning that has

been constructed during the reading stage. Several strategies are important to ensure applied

comprehension and continued evaluation of comprehension. The post-reading strategies

include the following:

1. Application. Establish how this knowledge can be used. This facilitates the active use of

knowledge and underscores the significance of having this knowledge.

2. Connectedness. Establish how this knowledge relates to or is connected to prior

knowledge. Connections must be made between the new concept and the students' own prior

knowledge, objects and phenomena in the real world, and other scientific ideas (Glynn et al,

1991).

3. Looking back, reflecting and evaluating the effect of one's activities. The following

questions encompass this heuristic: Have the objective(s) been met?; What level of

understanding has been achieved"; What new knowledge has been or can be generated"; How

does it relate to what I've known previously? ; and, How useful is the information constructed?

5.3 THE INSTRUCTIONALPROCESS

5.3.1 Subjects

Fifty second year students participated as volunteers in the intervention to improve reading and

thinking in physiology. They were exposed to one week of an introductory course in Cardio-

vascular physiology, and have never received previous training in thinking or reading skills.

These subjects thus matched those involved in the investigation of the cognitive repertoire of

physiology learners (Section 3.4.1) in terms of their exposure to science subjects in general and

physiology in particular. Some students used English as second language, but they had little

problem in communicating in English.
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5.3.2 Materials

The materials used in the interventions consisted of the students' prescribed text book viz.

Principles of Anatomy and Physiology, by Tortora and Grabowski (1993) and training

materials designed for intervention purposes. The training materials which appear in

Appendices F and G include the following:

1. Information relating to building a knowledge base (facilitative schemata) for the nature of

science text, reading to learn, and the learning of scientific concepts (Appendix F). The

cognitive demands of science text were a particular focus in building these facilitative

schemata;

2. Training sheets designed to introduce students to the concept of text structure by means of

graphic organisers. These graphic organisers are refined versions of those developed by Wesso

(1992) (Appendix F). For each structure type the training sheets contained: the name,

definition and description, the graphic organiser depicting the structure graphically, an example

passage (taken mainly from the prescribed text), various signal words which served as cues to

identify specific text patterns, and questions to illuminate the organisation.

3. A computer-based programme designed for teaching the characteristic features of

expository text patterns. The computer-based programme encouraged students to explore

(rather than merely being presented with), via a graphical interface, a range of different text

structures and to familiarise themselves with the concept of graphic organisers. The

programme simulates the hypertext approach that encourages the learner to browse or navigate

through the presented material. However, it also encourages the learner to browse in an
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interactive manner. Unlike the more traditional computer tutorial, it eschews the strictly linear

approach by encouraging browsing while at the same time it aims to promote goal oriented

navigation rather than random retrieval of information.

The programme provided an important activity for students to become completely

acquainted with and internalise science text patterns. Important links between the surface

structures and the deeper structures of science text are emphasised. The aim was to enable

students to ultimately extract these patterns from text and to construct their own when reading.

As an example of the computer-based exercises designed to teach expository text

structure, some of the computer displays (screens) which form part of the exercise to teach the

causation organisational pattern are represented in Figures 8(a)-( d) (pp.153-154). (Examples

for other text patterns appear in Appendix G).

Figure 8(a) shows the display of the different options the student has to explore

(definition, signal words, graphic organiser, exercise and review). This figure also shows the

definition as it appears when the student selects it from the menu. Figure 8(b) presents display

of the graphic organiser which depicts the relationships of the main components graphically.

Figure 8(c) shows the display of the exercise to identify the main components of the structure

(topic, antecedent(s), consequences and the related details). The student has to identify these

in the given text passage, enter it into appropriate boxes and as this is done feedback is

provided by the programme for each of the responses. Figure 8(d) is the display for revision of

a particular exercise. Feedback is provided for each response that the student gives.

4. A set of heuristics for guiding students' reading during phases of pre-reading, reading and

post-reading (Appendix F). These heuristics were formulated as problem-solving prescriptions

and are rooted in the cognitive demand of physiology text.
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Figures 8(a)-(d): Examples of the computer screen displays of the programmefor

acquiring schemata for expository text patterns
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5.3.3 Procedures

All subjects participated in 10 intervention sessions, each approximately one hour in duration.

Session 1. This session consisted of a general introduction to the rationale and objectives of

the programme.

Session 2. The second session consisted ofa presentation of the nature oflearning science

from text. During this session it was made explicit that science learning and learning from text

present problems which can only be resolved with a problem-solving approach. The specific

comprehension impeding characteristics of expository text were emphasised and explicated.

This session also introduced subjects to what encompasses higher-order learning and

understanding. The importance oflearning objectives, and levels of questioning and

understanding were emphasised.

Session 3. During this session, students were introduced to the concept of text organisation

and its importance in achieving relational understanding in physiology. This session progressed

in the following manner:

(a) Each of the expository patterns were defined, described, and the graphic organisers

depicting the respective patterns were introduced. Emphasis was on the graphic organisers as

representations of the relationship between the main elements in the text.

(b) For each of the text structures, a given well-structured sample passage was analysed for its

organisation. This procedure involved overt modelling by the instructor and involved selecting

relevant conceptual information which conforms to the suggested graphic organisational

pattern. All sample passages were taken from the prescribed text book.
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Session 4. During the fourth session, students were further familiarised with the expository

patterns through interaction with computer-based exercises in hypertext (Appendix G). This

involved defining different organisational structures, listing terminology which functions as

significant cues in the decision making process on pattern recognition, well structured passages

which represent respective textual patterns, and relevant graphic organisers. The programme

allowed the interaction of students, with the help of the computer, to actively engage in

exploring the text patterns looking for relationships and making comparisons.

Session 5. The fifth session involved the presentation to pairs of students (to encourage

cooperative problem solving) new sample passages from which text patterns had to be

extracted and described in terms of relevant graphic organisers. During this session continuous

feedback was given on the students' performance. Progressively more complex passages were

presented and feedback lessened gradually to allow for increased independence in text

structure identification.

Session 6. During the sixth session more complex passages, namely those representing

multiple text patterns, were introduced in the same way as during the third session. Students

were then required to process at least two other passages of this type on their own.
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Sessions 7 - 10. During these three sessions the concept of guided reading was introduced.

Students were presented with the heuristics to be followed during prereading, reading and

postreading (Appendix F) and the instructor modelled the use of these problem-solving
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5.4 EVALUATION

5.4.1 Materials

The passage on the valves of the heart (Tortora & Grabowski, 1993:597) which was used for

the determination of the sources of cognitive difficulties in Chapter 3 (Appendix D) served as

reading material to evaluate the intervention programme.

instruction was reduced until students mastered the independent processing of text.

5.4.2 Method

Six subjects were selected at random from the group that attended the programme. They were

requested to read to comprehend the passage in a think-aloud fashion and their protocols were

tape-recorded. Since the students were not explicitly instructed during the programme to

memorise the problem-solving prescriptions, they were free to consult the training materials

and problem-solving prescriptions throughout their reading activity.

The think-aloud protocols and the subsequent analyses were executed within the same

framework described in Chapter 3. Particular attention was paid to the level of mastery and

intemalisation of strategies - such as the use of graphic organisers and the effectiveness of

using the prescribed heuristics in achieving comprehension and constructing meaning and

conceptual understanding from the text.

Analyses were not as detailed and exhaustive as those done in Chapter 3. The reason

being that this evaluation was aimed at establishing, in a provisional manner, the feasibility of

intervention with design based on principles of teaching disembedded thinking skills in content

areas such as physiology.
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mental act, as well as information which was collected over and beyond that which can be

5.4.3 Results"

The think-aloud protocols and their respective analyses are presented in Appendix H. These

results are presented as cognitive functions at the input, elaboration, and output phases of the

classified as cognitive functions.

5.4.3.1 Cognitive functions at the input phase

Subjects' displayed a clear perception that the reading task posed a problem to understanding

and that it required the investment of appropriate attention to perceive relevant details clearly.

Reading was goal oriented and executed as a systematic and planned exploration of a

problem Goal formulation was not passive acceptance that the heading dictates the goal, but

was rather arrived at extracting relevant information after an initial skimming of the passage

(e.g. B2, B6 and Bl). This, in conjunction with locating the content of the passage within the

broader context of the chapter after an initial skimming ofit (B2, B6, Bl and B3) and the use

of pre-reading prescriptions (e.g. B5), indicated the need ofleamers to approach the problem

in an organised and systematic manner.

Relevant information was gathered carefully and accurately. Effective investigational

strategies were employed to:

a) Clarify unfamiliar terms, phrases, and sentences (Bl, B2, B6 and B5). Especially evident

was regular rereading (B3, B6 and Bl) and confirmation of evidence by consulting available

figures;

b) Activation, retrieval and appropriate use of relevant prior information (B5 and B3).

4

Detai/ed clarification of this section can be obtained by consulting the individual
protocols and analysis thereof in Appendix H.
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Although the amount of prior knowledge used was rather limited, all subjects reflected on

relevant existing knowledge; and

c) The identification and interpretation of relevant figures. These were used to supplement,

illuminate, and support textual information (B2, Bl, B3 and B5). Subjects relied heavily on

the diagrams to locate structures, establish spatial relationships between different components,

and to visualise the movements of the cusps. Visualisation and familiarisation with the

anatomical labels facilitated the ability ofB3 and B6 to use appropriate labels to describe the

spatial arrangements of structures, the sequence and order of events, and the relationship

between pressure changes and valvular action.

A need to organise, what was generally identified as linearly arranged information, was

displayed during the very early stages of reading by all subjects. Graphic organisers served as

instruments to gather and assess all information relevant to the reading task. Careful

consideration of all available information (figures and text especially) was consistently evident

as subjects identified and extracted main points, and as they reasoned through their activities in

an attempt to impose particular patterns on the available information. These activities which

manifested at the input phase resulted in a systematic thinking through of the problem during

the elaboration phase.

The systematic and strategic approach to processing text is displayed by the graphic

organiser of subject B3 in Fig. 9 below. Compared to the notes made by one of the novice

learners in the study (A7) (Fig. 2, p.102), this graphic organiser demonstrates the organised

learning approach of a student subjected to this intervention. The same type of strategic

approach is in evidence in the graphic organisers constructed by all the subjects. (The graphic

organisers that each subject constructed as an ongoing activity during text processing can be

found after the analysis of the respective interview protocols. See Appendix H).
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Figure 9: An example of a graphic organlser constructed during text processing (after

intervention)
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5.4.3.2 Cognitive functions at the elaboration phase

All subjects competently used graphic organisers to impose different structural patterns on the

reading material as they progressed with their reading. After identification of "heart valves" as

the topic of the first paragraph, Bl, B3, B5 and B2 identified a descriptive structure inherent to

the paragraph, and accurately extracted and constructed four major descriptive features of

heart valves - ie. function, composition, control (pressure changes cause movement), and

types of valves.

Inparagraph two subjects further demonstrated the need and ability to extract main

points and establish appropriate relations between them by organising units of information into

meaningful systems which were interrelated. All subjects thus recognised the enumeration of

two AV valve types and moved beyond this enumeration and embarked upon establishing

relationships between the two. The need expressed by Bl to distinguish between the two valve

types, and the reasoning by B4 ("I will break it down," and "it will relate to") demonstrated

clearly a need to construct relationships. Such types of activities and reasoning caused all

subjects to successfully compare and contrast the two types of valves. In all cases, the graphic

organisers facilitated the establishment of the appropriate types of relationships.

Several subjects (B3, B6 and B4) progressed beyond comparing the two AV valves

and described correctly and effectively one aspect of comparison - the mechanism of valvular

contro1. The latter was further described in terms of cause-effect relationships between the

ventricular pressure changes and the movements of the cusps.

Throughout, subjects interacted closely with the text and displayed an active approach

to establish meaningful relationships between textual elements. This was evident in the

frequent backtracking ofB3 and B5, the regular rereading and reconsideration of text
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segments when in doubt (e.g. Bl and B6), the evaluation of information in the process of

deciding on suitable structural organisations (B6, B2, B3, B5 and B4), and the regular

consideration of the available diagrams as additional sources of information to confirm and

clarify understanding (Bl, B2, B3, B6 and B5).

Metacognitive awareness, although manifested in different ways, was evident in all

subjects. Comprehension was evaluated by "talking through" the graphic organisers and

summarising (all subjects), regular backtracking (B3), reflecting on ongoing activities, (B2, B3

and Bl), and the explicit checking whether comprehension was taking place (B 1, B2, B3 and

B4). Some subjects clearly verbalised an awareness of their level of understanding. For

instance, B4 stated that "I think it is beyond information... that is given," Bl considered her

understanding to be at a high level - "I did not just take things out of the text ... I tried to make

something ... " while B5 realised that her facts, as a result of the strategy, were "not

everywhere" (unorganised).

Subjects Bland B2 displayed a broadening of their mental fields by projecting virtual

relationships between information in the passage and that which cou1d potentially exist by

relating the information given to the situation where a person has defective heart valves for

instance.

5.4.3.3 Cognitive functions at the output phase

Clear communication of all subjects' understanding was evident in the ease with which they

"talked-through" their graphic organisers to demonstrate the understanding they had

constructed. Generally, goals were established and subjects devised and employed effective

strategies to accomplish their goals.

Without exception subjects produced responses that showed careful consideration and
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selective use of material presented in the text. They showed little, if any, difficulty in

elaborating or giving reasons for their responses. Responses were communicated in an ordered

and well planned manner.

5.4.3.4 Other

With the exception of one subject (B4) all the subjects were skilled at identifying and

extracting information relevant to constructing organisational patterns from the text. The one

exception was notably a subject (B7) who failed to attend all sessions of the computer-based

instruction on expository text structure.

It was apparent from subjects' frequent consultation of the problem-solving

prescriptions, that not all the prescriptions were internalised and automatised. Nevertheless

subjects displayed little difficulty in executing the problem-solving prescriptions.

All subjects displayed effective and efficient use of the graphic organisers to construct

relational understanding from the passage. Their ability to combine different organisers to

represent the content of a passage that displayed multiple patterns of organisation was

especially significant in demonstrating their mastery of the structure strategy. Although B2

expressed concern that her organiser did not look like the one in the training materials (hers

had two entities as topic instead of one), and B4 produced a decidedly untidy organiser, both

subjects successfully achieved relational understanding through their engagement with the

organisers.
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5.4.3.5 Anecdotal evidence

a) B2 related that she previously used a learning strategy involving reading and

rereading, without relating the information to a broader context. She asserted that the use of

graphic organisers helped her to "see" how information fitted into the broader context, and

explicated relationships. She also found the graphic organisers helpful in other subject areas

such as biochemistry and microbiology.

b) B6 related that she successfully used graphic organisers to construct notes in

preparation for a pharmaceutics test. The extraction ofinherent structural organisation

allowed her to apply a comparative approach to finding relationships between "lots of things"

in pharmaceutics. She also found that the programme enabled her to "remember things as a

pattern," and her recall was better compared to her previous "parrot-fashion" style of learning.

c) Bl related that the programme facilitated contextual understanding of subject

content; allowed her to anticipate examination questions; improved her understanding of the

expectations of examination questions and helped her to present well structured responses.

According to Bl, visualisation of the material facilitated memorisation and recall and made

studying more interesting and easier. She anticipated that she might be able to use the

structure strategy in other academic subjects as well.

d) B4 related how the programme allowed him to construct information over and

above that given in the text; enabled him to use relevant prior information and incorporate and

integrate it with textual information when presenting responses; helped him to focus on

information central to a main theme; and encouraged him to use his personal resources

(talents) and develop and apply it to the learning situation.
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5.5 DISCUSSION

The results of this investigation into possibilities to transform students' performance by the

explicit teaching of the cognitive demands of expository text will be discussed in terms of

(a) the cognitive strategies which students have employed after intervention, and

(b) the conceptual understanding achieved in the process of employing these cognitive

strategies.

5.5.1 Cognitive strategies employed

Cognitive strategies can be conceived as a set of identifiable and learnable skills - each of

which can be applied to a range of tasks. They determine the quality of performance in

learning and problem solving.

Results with this intervention programme indicate that cognitive problem-solving

strategies concerned with science reading involve assessing the situation, planning,

processing, organisation, elaboration, monitoring and reflective responses. This grouping is

not entirely satisfactory because it implies that there are seven distinct and sequential stages at

which quite different strategies are applied. Learning and problem solving, such as reading, are

much more complicated than that, and there is currently extensive support for the view that

reading is a unitary, cyclical process in which mental processes or strategies interact

simultaneously (cf. Langhan, 1993). The grouping is thus only a convenience for description

and the strategies listed in each group should be viewed as being applied in rapid and mixed

succession.

The first strategy to be executed in making the reading task meaningful is to assess it.

According to White (1988) the most important step in coming to terms with any situation,

especially problem-solving is to clarify the goal- what you want to do or what someone
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expects you to do. Iflearners are to take on responsibility for their own learning, they have to

be able to decide what to learn and how to learn it. Without this strategy learning often fails.

In learning from text the strategy involves students knowing what the topic is and being clear

about the task.

In this study subjects assessed their task in several ways. After an initial skimming of

the passage and bearing possibilities for learning objectives in mind, subjects clarified goals

which guided their reading. Assessment of the situation was further supported by the

establishment of the availability of supplementary sources of information such as illustrations

and prior knowledge. In the experimental passage, prior knowledge such as the general

anatomy and associated vascular structures were eminently important. In cases of a lack of

appropriate prior knowledge, illustrations served to compensate and provided the necessary

background information. Although this programme emphasised the contextualisation of a

passage into a broader context, and all subjects located the position of the heading of the

passage on the chapter overview, few students convincingly managed to contextualise the

passage content. This might be due to the focus of the interview which was at the local

(passage) and not the chapter level.

Effective planning requires the ability to formulate action in advance, as well as the

ability to monitor and modify plans according to the circumstances and goals required (cf

Nickerson, 1994). The prereading, reading and postreading problem-solving prescriptions

served as heuristics and guided students to approach the reading task in a methodological

manner. Although the prescriptions were not automatised (most probably due to insufficient

practice and internalisation) subjects had little difficulty in executing them The heuristics

successfully served to restrain impulsivity and prevented haphazard, disorganised reading

without appropriate attention to what was required.
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Once the reader has assessed the situation and decided what to do, new strategies come

into play. In learning from text they encompass the construction of meaning by appropriate

processing strategies. This processing of information involves analysing terms, phrases and

sentences, visualisation, organisation and elaboration.

Comprehension can be seriously disrupted if text contains even a small percentage of

unfamiliar words (Baker, 1985). This can become a major problem with physiology text with

its great concept density which requires readers to master several concepts in one paragraph in

order to understand the text (Ryan, 1989). The clarification of terms, as well as of phrases and

sentences by subjects of this study thus facilitated meaningful processing. Most of the

unfamiliar terms were technical labels which subjects considered to be "knowledge new", and

these were consequently simply assimilated. Most subjects were also able to clarify the

meaning of non-technical terms (e.g. "everting") within the context of the meaning of the

sentence.

The care with which subjects analysed phrases and sentences was apparent as they

deconstructed the long complex sentences into more manageable chunks. This was especially

evident as subjects endeavoured to construct relationships between discrete units of

information by imposing organisational patterns on the available information. In this manner

the conceptually dense sentences were systematically analysed in order to construct and

reconstruct meaning.

All subjects realised that graphic aids supplemented the expository description of

information and demonstrated the need to optimise their cognitive gain by scrutinising and

interpreting the available graphic aids. There was evidently also a need to concretise the

textual information - this was necessary since the structure-functional relationship is an

important one implicit to the passage content. Visualisation allowed readers to bring
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perceptual processes to bear on their reading. As a result of visual thinking, subjects were able

to construct a continuum of events (such as the sequence of valvular movements) which was

not stated explicitly in the text. In this manner, information was constructed which went

beyond that stated in the text.

In addition to facilitating temporal orientation, visualisation with the aid of the available

diagrams also facilitated subjects' understanding of the spatial dimensions involved. This

proved important in conceptualising the relationship between pressure changes in the heart

chambers and the configurational changes of the valves. These relations could only be

constructed by the subjects through visual thinking which facilitated the interpretation of

unstated information.

Visualisation further facilitated comprehension monitoring and evaluation in providing

a concrete model to test understanding. Subjects could thus use their visual models as

templates to monitor, for instance, the feasibilities of their understanding of pressure changes

and associated changes in valvular configurations. Since recoding of information (such as

visualisation) may establish a more enduring trace than does rehearsal (Bruning, 1983), it may

also be speculated that visualisation might have facilitated the storage of information in order

for meaningful processing to take place.

Establishing organisation, or the identification of various structural patterns in the text

proved to be central to meaningful processing and was one of the most productive cognitive

processing strategies employed by the subjects. Since science text represents an unfamiliar

genre, the concept of text organisation was completely new to the subjects but, once they had

internalised the concept through practice, they became effective and efficient at identifying and

extracting the various structures in text. The computer-based programme facilitated the

exploration (and not only presentation) of the different types of science text structures and
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increased students' awareness and familiarity with these structures. Students were able to

explore, analyse and test their comprehension of text structure types independently, at their

own pace, until they were satisfied with their understanding. Interacting with the computer

also served a significant motivational purpose in that it increased the "interestingness" of the

programme. It further served to display a sense of productiveness and concretised, or served

as "proof', of subjects' understanding of text organisation.

The results demonstrate that science text structures can be taught, and that students

can successfully apply the heuristics to unfamiliar material. It is especially in employing the

cognitive strategy of determining text organisation that the subjects displayed close and active

interaction with the text, in an endeavour to construct meaning. In particular, the mastery and

employment of the structure strategy had the following facilitative effects:

a) Subjects did not perceive the text as just a store of facts, but as having recurring patterns

that had to be interpreted. Awareness and interpretation of these patterns are considered to be

important for the sound processing and comprehension of expository science text (Gordon,

1990; Norris & Phillips, 1994).

b) Graphic organisers were used to explore and process the information systematically and in

accordance with a predetermined goal. The structure of the graphic organisers provided

frameworks within which exploration and processing could be conducted. This was evident in

the manner in which subjects systematically progressed from enumerating the types of heart

valves to engaging in comparative behaviour and searched for similarities and differences

among the types of valves.

c) The focus was on the main ideas, and on connecting the information into a coherent

structure. In this process subjects transformed apparently disorganised information into

conceptually integrated knowledge. According to Cook and Mayer (1988), when a reader
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builds internal connections among ideas in the text, one can expect better recall of high

conceptual rather than low conceptual material and relatively better problem-solving

application than verbatim retention. Active reasoning and decision making processes

underlying subjects' comparative behaviour was very visible in the interview protocols.

d) The graphic organisers served as a valuable framework for summarising and

metacomprehension to occur. Thus, like the subjects in the study by Armbruster et al. (1989),

these students returned to the graphic organisers when there was a need to summarise or

evaluate their reading comprehension.

e) The identification of text structure did not only guide subjects' understanding, as was also

found by Dewitz et al. (1987), but it also aided students' recall and interpretation of ideas -

especially that of main ideas as found by Richgels et al. (1987). Jerome Bruner in Process of

Education wrote "Perhaps the most basic thing that can be said about human memory, after a

century of research, is that unless detail is placed in a structured pattern, it is rapidly forgotten"

(In Hanf 1971:230). Graphic organisers are structured patterns and all details are neatly

connected to larger units. When the readers design the basic structure - they have

apprehended all the information they need to remember. All the details that support the

categories "ride free" by attaching themselves to a larger unit. This minimises cognitive load

and provides a technique for maximising retention.

The facilitative effect of text structure on comprehension and recall can be linked to

conceptual schemata (Meyer, 1985; Samuels et al., 1988). For the skilled reader who has

developed a finite number of conceptual schemata related to the organisation of science text

there are slots or attribute names for all of the components of scientific text. For a particular

text readers select the formal schema in their repertoire that best accounts for that text. The

schema employed to comprehend a text acts as an outline that guides a reader during the
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These results concur with those from other studies (cf. Norris & Phillips, 1994; Spiegel

& Barufaldi, 1994; Wade & Schraw, 1991) which showed that the application of structure

strategies results in more extensive processing of text than at the normal level, in which many

students read sentences without thinking about the overall structure. Without consideration of

text structure, the ideas in the text become an arbitrary list of things that make no sense and are

easily forgotten (Ruddell, 1993).

It is however the cautious contention here that graphic organisers, in contrast to related

spatial strategies (e.g. concept mapping, semantic mapping, networking and knowledge maps),

because of their relatively fixed patterns, are better suited to help novice science readers form

more coherent internal structures. This is especially so since the fixed pattern of the graphic

organiser serves as an effective metacognitive tool to evaluate comprehension - something that

other spatial strategies with their open-ended approach may not effectively provide. At the

same time, it is evident from this study that the graphic organisers can also accommodate a

certain degree of flexibility to a) allow minor modifications in the design Without major conflict

with the basic internalised pattern, and b) allow various patterns to be combined in different

configurations in order to match the demands of a passage.

Effective elaboration allows individuals to make efficient use of the data available to

them and to impose meaning on material to make it more comprehensible (Brown et al., 1981).

Subjects elaborated by paraphrasing, constructing their own notes and summaries, and

responded to questions that involved reflection and construction of answers rather than simple

recall. The ability to elaborate was especially evident in the extent to which subjects managed

to extend the given information and apply it to hypothetical situations (such as cases of

process of encoding. By reversing this, the formal schema serve as a recall cue for information

stored.
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defective heart valves). Due to effective use of the heuristics, subjects were thus often able to

go beyond the facts given in the text and constructed new information.

Comprehension monitoring or meta comprehension formed an important component of

this programme. It refers to the process of evaluating and taking the action needed to improve

one's comprehension when reading (Brown et al., 1981). Comprehension monitoring is

thought to be a way of breaking students' passivity and involving them in their own learning

(Baker, 1985). In this study metacomprehension was reflected in the clarification of unfamiliar

words, regular backtracking, rereading, visualisation and self-interrogation. Subjects

demonstrated an especially effective means of metacomprehension by spontaneously "talking-

through" their graphic organisers. This facilitated the monitoring of the structural cohesiveness

of the text, and allowed subjects to indicate a concern with the thematic relationships between

ideas in the text and awareness of rhetorical conventions of expository writing.

The ability to respond reflectively, appropriately and effectively is especially important

in academic settings. Reflective activities include elaborating and formulating strategies for

achieving goals, critically examining past decisions, anticipating difficulties, reconciling

competing ideas, etc. (Scardamalia et al, 1984). Examples of such activities and articulation

of the resuhant new learning were amply present in the protocols. Subjects were effectively

guided by the heuristics as they demonstrated effective summarisation of their understanding,

established applications for their information, and communicated the information in an orderly

fashion. It is especially in the establishment of applications for their constructed information

that subjects demonstrated an ability to reflect on the constructed knowledge and go beyond

what was presented in the text.

The execution of the prescribed heuristics by subjects did not necessarily take place in a

specified sequence. The tasks were executed spontaneously as the need arose, or as directed
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by the problem-solving prescriptions. It is not clear whether the random application of the

tasks detracted from the effectiveness of the programme. However, it appears to be

heuristically important to execute the three phases of the thinking strategy in the specified

sequence (i.e. prereading _,. reading _,. postreading). Failing to do this, readers may render the

heuristics less effective and increase their cognitive load with resultant impediment to their

comprehension.

5.5.2 Conceptual understanding

The above cognitive strategies operate in conjunction with specific knowledge - there must be

a task, some information to process, a problem to solve, to which they can be applied (White,

1988). In this sense they can be considered effective only to the extent that they facilitate

conceptual understanding of subject matter.

Since the cognitive strategies cannot be considered separate from understanding

content, much of the conceptual understanding that took place surfaced in the discussion on

cognitive strategies (Section 5.5.1). However, in order to fruitfully discuss conceptual

understanding as achieved in this study one can, as suggested by Smith (1991), approach it

from a perspective which involves two criteria: connectedness and usefulness in social

contexts.

According to Smitht 1991) the :first criterion has to do with the structure of a person's

knowledge. "An idea is understood to the extent that the learner has appropriately represented

it and connected it with other ideas, particularly with the leamer's own prior knowledge and

beliefs" (p.46). Learning with understanding is thus contrasted with learning of bits of

information. When learning is considered and treated by teachers and students as lists of

definition and facts, for instance, such learning doe s not meet the criterion of connectedness.
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In order to achieve connectedness and thus meaningful learning, students need to

engage in the active processes of selection, organisation and integration (Mayer, 1992).

Selection entails the learner actively focussing on task-relevant information in the text and

transforming the information into working memory. The alertness of subjects to the main ideas

of the experimental passage (such as composition, location, control and types) and the use of

adjunct information (such as graphic aids) facilitated subsequent and effective organisation of

the relevant information.

Organisation entails the reader actively constructing a coherent schema from the

selected pieces of text information in working memory. As discussed in Section 5.5.1, subjects

managed to reorganise the linearly presented textual information into interrelated and more

meaningful systems. For instance, instead of treating the section on the AV valves as a list of
I

descriptive details, the subjects processed the information from a comparative perspective.

This kind of comparative behaviour, according to Feuerstein et al. (1980), is "... one of the

most fundamental building blocks of higher cognitive processes" (p.92), and enables an

individual "... to transcend his immediate perceptual experience and ... draw logical inferences

which lead to abstract, propositional, and hypothetical thinking" (p.93). By moving from

simply recognising objects and events to establishing comparative relationships between items,

the subjects thus displayed a higher level of understanding.

Integration entails the learner actively connecting the organised information to other

familiar knowledge structures already in working memory. The view of conceptual

organisation of physiology corresponds closely with a learning process termed integrative
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knowledge, and also with information presented by illustrations. Their elaborations

demonstrated this clearly in their concern with, and focus on, the effectiveness of heart

function in providing in the needs of the human body.

The second criterion of understanding viz. usefulness in social contexts deals with the

function of a person's knowledge. "An idea is understood to the extent that the learner can use

that idea in successfully performing significant tasks appropriate to the social context in which

they occur" (Smith, 1991:46). From such a social constructivist perspective, understanding

can be considered as competent performance of tasks valued by subcultures or "knowledge

communities", not simply as cognitive patterns within individuals. The learner should be able

to participate successfully in a community of people who share, use and value scientific

knowledge. Anderson (1989) identified description, explanation, prediction and control as

important activities for which scientifically literate people use scientific knowledge. Following

an analogy with structure-function reasoning in biology, he described these activities as

functions of scientific knowledge.

Subjects in this study successfully executed most of the activities identified by

Anderson (1989). They thus successfully described (e. g. the general structure of an AV

valve), explained (e.g. the relationship between intraventricular pressure and position of cusps),

predicted (e.g. the functional impairment that defective valves may cause), and controlled their

understanding (by planning, rereading, backtracking, and seeking confirmation from

illustrations). The effectiveness with which they executed these activities, and their ability to

communicate their understanding methodologically demonstrate a functional understanding of

their knowledge. Evidently students did not only achieve a higher level of understanding of

subject content than was possible with their previous rote learning techniques (see anecdotal

evidence), but became metacognitively aware of the need to understand the conventions of
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science text.

In addition, the intervention can also be seen as an attempt to socialise students into a

community of scientifically literate persons. This socialisation process involved not only the

development of conceptual understanding, but also the introduction of students to linguistic

conventions (such as the use of adjunct figures and text patterns), to understanding of the

important purposes ofleaming science from text (such construction and communication of

understanding of natural phenomena), and to values shared by members of scientific

communities (such as the language, purpose, and the preference for internal consistency and

parsimony). While such values can be thought of as being held by individuals, it is in the social

context that they operate (Smith, 1991).

5.6 CONCLUSION

Reiterating the Vygotskian notion (Ruddell, 1993) that knowledge is constructed through

social negotiation and interaction, and that individuals can do more with peer interaction and

teacher guidance than they are able to do alone, the instructional setting used in this study can

be considered to have guided and directed the learning process. Furthermore, learning in this

setting may be viewed as occurring in a "culture of expert practice", which according to

Collins et al. (1989) refers to "the creation of a learning environment in which the participants

actively communicate about and engage in the skills involved in expertise, where expertise is

understood as the practice of solving problems and carrying out tasks in a domain" (In Smith,

1991:55).

Within the given instructional setting, this study shows that the notion of explicitly

teaching cognitive processes disembedded through task analysis is possible. By translating the

cognitive processes into cognitive strategies, the heuristic approach effectively served to guide
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students through the various phases oflearning from text. Systematic and deliberate methods

of thought that would enhance students' problem-solving and thinking abilities were taught.

Since the intervention was executed over a relatively short period, very little

automisation was observed - neither could it be expected. It does however not detract from

the feasibility of explicitly teaching the cognitive strategies necessary for the meaningful

execution of an intellectual task such as reading to learn.

In addition to teaching students appropriate cognitive strategies, as demanded by

expository text, this programme also encouraged an awareness of the nature of expository text,

the nature of scientific understanding in terms of the levels of comprehension expected, the

value of effective strategies in solving problems, the need to substitute passive (rote) learning

with active construction of knowledge and the value of metacognitive functioning in

monitoring the quality of meaning constructed.

Moreover, since cognitive strategies can only be effectively applied within the context

of content or subject matter, the presentation of this intervention within the context of

physiological subject matter served as secondary but equally important function: the acquisition

of subject content. As students practised mastery of the cognitive strategies, they acquired

subject-specific concepts at the same time.

The intervention thus intervened at the level of mental processes and made the text and

thus the subject matter more accessible to the readers .
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CHAPTER 6

SUMMARY, CONCLUSIONS AND NEW PERSPECTIVES FOR SCIENCE

EDUCATION

6.1 INTRODUCTION

One major assumption underlying this study is that there is a need for the explicit teaching of

thinking abilities - in particular those involved in reading for learning science concepts in

subjects such as physiology. Is there really a need for such teaching? Is there evidence that

such an assumption is correct?

Support for the above assumption (the need for explicit intellectual development in the

area oflearning from science text) can be presented as follows:

a) Grave concern for the low levels of functional scientific literacy and for the high

attrition rates among science students has been expressed consistently over the last two

decades (cf Seymour, 1992; Tobias, 1992). Science education is generally seen as failing in its

goals to produce scientifically literate individuals (Lipson & Tobias, 1991).

b) Too many students emerge with apparent "success" from science courses with large

quantities of detailed knowledge without the abilities to interpret it correctly or to apply it

suitably or to use it flexibly. In other words, they have not acquired understanding or the

ability to think scientifically (Ramsden, 1988; ReU: 1990).

c) Little evidence exists that students acquire good thinking skills simply as a

consequence of studying conventional course materials. Although domain-specific knowledge

is essential to good thinking within a domain, it is not sufficient to assure that good thinking

178

https://etd.uwc.ac.za/



will occur. Ifstudents are to acquire good thinking skills in the classroom, explicit attention

needs to be given to this objective - it is not likely to be realised spontaneously or as an

incidental consequence to accomplish other educational goalsfêaron & Sternberg, 1987;

Glaser, 1984; Nickerson, 1994; Sternberg, 1994).

d) The notion that reading is analogous to thinking has been recognised for several

decades (cf. Bloome, 1991; Stauffer, 1969; Thorndike, 1917). Evidence from research

findings shows that reading to learn is a cognitively demanding task and requires a command of

sophisticated reading and thinking abilities. Reading to learn science, in particular, demands

specific problem-solving abilities. Current views further posit reading for learning as an

interactive social event that involves internal regulation and is influenced by context (Bloome,

1991; Holliday et al, 1994; Just & Carpenter, 1987; Resnick, 1983, 1987).

e) Reading of prescribed text in particular presents a primary means to access science.

The necessity to acquire effective skills and strategies for reading to learn science is

underscored by research evidence which indicates that as much as 95% of classroom

instruction is based on text, that textbooks often dictate the curriculum, that the attainment of

independence in learning and reasoning depends heavily on the ability to access scientific

information from text, and that students do not necessarily have a repertoire of intellectual

abilities appropriate to the learning task (cf Alexander & Kulikowich, 1994; Lloyd, 1990;

Scardamalia & Bereiter, 1984; Wood, 1988).

In South Africa, the Reconstruction and Development Programme explicitly

recommends that particular attention should be given to improving access to higher education

(ANC, 1994), and tertiary institutions are currently extensively occupied with the development

of resources to address this issue - especially access to the sciences.

Many tertiary-level students come from under-resoureed educational backgrounds and
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have great difficulty in coping with the academic demands of science subjects. While science

text presents the main means to access scientific information, it also poses a major handicap to

students who are novices at reading to learn science. Students thus need to be empowered to

gain independence as learners and thinkers to access scientific information which is textually

represented. While science education research until now has focused predominantly on the

facilitation of formal or physical access to tertiary science, this study investigated possibilities

for facilitating epistemological access to those students who do gain formal access. .

Further, in contrast with earlier approaches which focussed on the development of

materials and instructional procedures (cf Tobias, 1992) as a means to decrease the distance

between learning expectations and the learner, this research is located within a cognition-based

paradigm which focuses on the development of subject-related intellectual competencies or

cognitive abilities of science learners. That is, instead of improving the learning materials, this

study focuses on the intellectual improvement of the student.

6.2 TEXT-BASEDSCIENCE LEARNING: THE CURRENT STATE OF THE

ART

A review of the literature shows that reading to learn from science text poses special

challenges to students who face this unfamiliar genre. However, despite a) the need for

students to interact effectively with science text in order to acquire scientific knowledge,

understanding and scientific thinking abilities, and b) the awareness that students do not cope

with their texts, a review of the literature (e.g. Alexander & Kulikowich, 1994; White &

Tisher, 1986, Yore, 1991) indicates that little is known about reading (and thinking) for

science learning. Although research in several areas relates to text-based science learning, the

research foci have been compartmentalised, with little communication between researchers in
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the different areas. There is thus currently a need to address the interface of science learning,

science reading and thinking. The serious neglect of domain-specific science reading, in

particular, demands special attention.

Current views hold that both reading and science learning involve the interaction

between prior knowledge, concurrent experience, and information accessed from text and

other sources in a specific social context that is focussed on the construction of meaning

(Anderson, 1992; Beers, 1987; McLoughlin, 1992). This information is then assimilated into

knowledge structures retrieved from long-term and working memories or by accommodating

discrepant information by the reorganisation of knowledge structures while monitoring,

strategically planning, and regulating the global meaning making process. These sophisticated

cognitive abilities are hallmarks of skilled reading and of scientific comprehension.

From the literature it is apparent that the text, the reader and the environment

contribute a vast array of variables that impact on reading to learn science. It is significant that

while text variables frequently impede comprehension, students are usually not equipped to

cope with text. More seriously students may not even be aware of the limitations of their

abilities.

Although text-based factors are important variables in the comprehension process,

there has been limited success with efforts to improve students' text. It is especially not clear

how improvement of textbooks, for instance, can prepare students to cope better with more

sophisticated writing or with unaltered (standard) expository texts. It seems more reasonable

to assume that the development of appropriate problem-solving abilities specifically directed at

reading to learn from science texts, may be a more effective means of facilitating access to

scientific information.

Within the subject area of physiology, studies on conceptual change and leaniing from
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physiology text are very few. Studies such as that of Malvin (1990) and Wesso (1992) have

shown that students have major difficulties in learning from physiology text. It can also be

anticipated that given the extensive problems associated with biology text, as reported in the

literature, that students may have similar problems with physiology.

Information generated from many strands ofapparently disparate research areas and

relevant to text-based science learning have been integrated in a comprehensive literature

review in Chapter 2 and provides not only a comprehensive account of the reading-to-leam-

science situation, but illuminates possibilities for improving reading comprehension and

thinking in science.

From a cognitive perspective, students' observable intellectual performance can be

attributed to their underlying .knowledge, behaviour, and thought processes (ReU: 1987, 1990).

Accordingly, the mental processes involved in comprehending scientific concepts from text and

the cognitive processes which the student brings to the learning situation become highly

relevant to efforts to improve cognitive skills for science reading. Also, the pervasive evidence

in the literature that skilled thinking is domain-specific and that reading can only be meaningful

within a particular context cannot be ignored (cf Perkins & Salomon, 1989; Sternberg, 1994).

Current descriptions of cognitive behaviours associated with problem-solving and

models of problem-solving often lack specificity of particular content-domains. In order to

avoid the dichotomy between reading and learning content and the teaching of reading and

thinking skills, it is imperative for appropriate and effective intervention to be domain-specific.
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6.3 THE COGNITIVE MATCH BETWEEN SCIENCE (pHYSIOWGY)

READING DEMANDS AND STUDENTS' ABILITIES

Recently the analysis of students' intellectual performance in terms of the cognitive processes

involved in performing academic tasks has attracted widespread research interest. A specific

approach which emphasises the cognitive operations within the content to be acquired has

evolved as a result of this interest taken. As a consequence there is currently evidence that

students who receive instruction based on this premise can markedly improve their

performance on subject-specific intellectual tasks (cf Mehl, 1989, 1994; Wesso, 1992).

Key questions which were identified for this study centred on a) the identification of the

knowledge, behaviour and underlying thought processes necessary for competent physiology

reading comprehension as demanded by a text. This allowed a) the prediction of those abilities

that students need to effectively engage in their reading comprehension; b) the identification of

the knowledge, behaviour and thought processes which students have available to learn from

physiology texts; and c) possibilities for intervention to optimise the cognitive match between

learner and learning task.

An important issue which this study had to address was that of investigating and

describing an appropriate instrument to effectively and efficiently compare the cognitive

operations needed to comprehend physiology text with the cognitive repertoire of students.

Although several inventories exist which can be used for cognitive task analysis (cf Nickerson

et al., 1985), that of the cognitive functions as described by Feuerstein et al. (1980) proved to

be optimally suited for the purposes of this study. Thus, although Feuerstein's theory is rather

eclectic (cf Shayer & Beasley, 1987) it presents several significant advantages: a) it is framed

within the information-processing paradigm which also guides this study; b) it accommodates a

wide range of factors which affect cognitive performance, such as metacognitive awareness,
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cognitive style, motivation, disposition, etc. (cf. Lidz, 1987; Sternberg, 1986); c) Feuerstein's

Instrumental Enrichment (IE) programme for improving intellectual performance centres on

the described cognitive functions and has been widely acclaimed as an exemplary model to

improve cognition (cf. Savell et al., 1986; Shayer & Beasley, 1987); d) the IE programme has

been widely evaluated and applied in international programmes (cf. Haywood et al, 1982);

and e) the cognitive functions have been successfully applied in reading task analysis

(Feuerstein, 1995; Wesso, 1992).

In this study the inventory of cognitive functions as formulated by Feuerstein et al.

(1980) proved to be a workable mode1, and amply suited for capturing and describing the

cognitive demands of text and for analysing students abilities from interview protocols. Also,

the wide range of described functions allowed the accurate and complete description of the

cognitive characteristics of both readers and text. The overlap between descriptions of

cognitive functions within phases and between phases can make it potentially confusing for the

uninitiated. However, although the list of cognitive functions is not exhaustive, it does allow

for detailed analysis of students' cognitive abilities from interview protocols as well as for the

analysis of the cognitive requirements inherent to understanding physiology text.

Results of this study show that physiology text comprehension demands cognitive

functions at the input, elaboration and output levels. At the input or data gathering leve1,

physiology reading for learning, like many other cognitive tasks, demands a purposeful

approach, appropriate prior knowledge and knowledge of problem-solving procedures for

strategic processing.

The formulation of a goal allows the reader to embark on a plan of action to achieve

that goal. Goal formulation is a widely acknowledged important first step in problem-solving

tasks (cf. Nickerson et al., 1985) and goals, according to Stauffer (1969), "make the reader a
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student of what he is reading rather than a servant to recitations" (p.13). In reading physiology

text readers need both an awareness of the author's purposes (such as reasons for particular

formats) as well as herlhis personal reading purposes, Guidance may be provided by learning

objectives formulated by the teacher or students may have to establish their own objectives in

accordance with particular needs. None of the subjects engaged in or displayed a need to

formulate or consider possible goals. As a result all textual information was assumed to be

equally important and consequently committed to memory. Objectives formulated by the text

book were never considered - these however were all formulated at the literal level of

comprehension and would not have guided students to higher levels of understanding.

Effective information gathering also demands an awareness of the need for, the

availability, and the activation of relevant prior knowledge. This information must be retrieved

and integrated with textually presented information during the elaboration stage of reading.

According to the schema-theoretic view of reading comprehension prior knowledge functions

as schemata for anchoring new concepts, for guiding inferences and for the encoding of

incoming information by generating expectations for features that are normally present for a

given category (Beers, 1987; Sadoski et al., 1991). Three types of prior knowledge were

identified as essential for appropriate text processing viz. subject-specific or topic-related

knowledge, text knowledge and procedural knowledge. Although these categories are not

unique to learning from physiology text (it is common to most problem-solving situations), it is

the specifics of these categories that illuminates the particularities oflearning from this type of

text.

A subject such as physiology builds on extensive amounts of topic-related prior

knowledge. Comprehension of the mechanism of cardiac muscle contraction (Passage B)

requires, for instance, knowledge of cellular dynamics, general principles of homeostasis,

185

https://etd.uwc.ac.za/



membrane potentials, and muscle histology. Further, general scientific knowledge of chemical

equilibria and cytology is equally essential to provide anchors for the new knowledge and to

achieve conceptual understanding of the interrelatedness of biological phenomena involved. In

this study, subjects treated the new information thtoughout as separate and unique from

anything else that theyve encountered before. This indicates failure to actively construct

understanding by integrating knowledge from various sources.

Text knowledge refers to knowledge about the organisation of a text (external as well

as internal organisation) and text conventions. Externally physiology text is arranged linearly

and requires students to have a mental model of the format of a chapter and impose a

hierarchical or other more meaningful organisation on the text. Internally passages exhibit

rhetorical patterns that specify the structural relations that make up the text. These

organisational patterns are intimately related to the relationships between the main elements in

a passage. Research (e.g. Richgels et al., 1987) indicates that knowledge of text organisation

enhances readers' ability to organise, store and retrieve information gleaned from text. It is

especially important that students rearrange the linearly presented information in physiology

passages into organisational patterns that facilitate the construction of meaningful relationships

between conceptual elements. This is crucial for the type of relational understanding expected

of them

No evidence of knowledge of organisational patterns, or a need to order (other than

list), was observed in any of the students' protocols. Only a limited degree of understanding of

time-order relationships was in evidence.

An important convention of physiology texts is the pervasiveness of graphic aids.

Readers have to interpret and use these to supplement and verify textual information. As

noted for poor comprehenders (Singer & Donlan, 1989) the subjects in this study did not pay
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effective attention to the available graphic aids. The latter was frequently ignored during the

course of reading, despite the explicit reference made to it in the text.

A third type of prior knowledge required for effective science reading pertains to

knowledge of problem-solving procedures. Reading to learn is a problem-solving process and

needs strategic action and higher-order thinking abilities. All subjects displayed a pervasive

unplanned and unsystematic approach to text processing. Their reading was characterised by a

passive, rote learning approach with an apparent unawareness of the need for metacognitive

action. Especially disconcerting was the uncritical stance of students regarding the information

presented in the text. The latter was throughout accepted as presenting the complete and only

information relevant to the topic concerned.

At the elaborationallevel, the long, complex and conceptually dense sentences of

physiology text demand systematic and planned processing. Unfamiliar terms need to be

identified and their meanings, as well as that of phrases, need to be interpreted and clarified.

Learners must especially guard against allocating literal meanings to terms and phrases. They

must interpret relational terms appropriately, locate the events within the different

organisational levels of the body, and visualise physiological events - both at local level and

within a holistic framework of body function. With regard to visualisation, optimal use must

be made of the available diagrams. Further, readers must make appropriate inferences as the

need arises - that is, create information that is not explicitly stated in the text.

An important aim during the elaboration phase should be to construct conceptual

understanding. In order to comprehend physiological concepts, students need to unify

elements which may be perceived as unrelated into a meaningful holistic concept (Cliburn,

1987). This requires specific strategies to unify all related elements (even those elements

which students may perceive as unrelated) into a coherent and meaningful construction. The
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students' approach, however, reflected an "episodic grasp of reality". The latter, according to

Feuerstein et al.(1980), prevails when "... no attempt is made by the individual to actively

contribute to his experience by organizing, ordering, summating, .or comparing events and .

thereby placing them within a broader and more meaningful context" (1980: 102). Ofparticular

significance in physiology is, for instance, to identify and select those elements which will

facilitate connections to be made between structure and function, between all levels of

organisation (molecular to system level), and the extrapolation of the given information to

pathological situations.

At the output phase readers similarly demonstrated a lack of the prerequisite cognitive

functions to effectively and efficiently communicate their understanding of concepts.

Prerequisite cognitive functions such as methodological responses, visual manipulation of

information, invoking relevant knowledge, processing and interpretation of information were

not displayed. From the readers' protocols it was apparent that they preferred to deal with

"facts" which they "processed" by committing it to memory. Also, readers' responses too often

did not relate to the set questions nor did they display any need or ability to analyse the

questions and embark on an appropriate plan of action.

An important aspect of competent reading is metacomprehension. The latter consists

of those behaviours that allow readers to judge whether comprehension is taking place and that

help them decide whether and how to take compensatory action when comprehension fails

(Casanave, 1988). The general failure of the subjects in this study to demonstrate an

awareness or a need to execute metacognitive strategies points not only to a passive attitude to

reading but also failure to accept responsibility for ensuring that comprehension took place.

Since comprehension cannot be achieved without appropriate metacognitive action, the

students appeared to lack control over their learning process. Ifstudents thus do not evaluate

188

https://etd.uwc.ac.za/



their understanding, when and how do they decide whether they understand?

Reading proficiency requires readers to reconstruct meaning from text by the active

processing of information (Flood, 1986; Jenkins et al., 1981). The predominantly passive

approach that the readers in this study exhibited undoubtedly resuhed in failure to build

meaning and poor comprehension resulted. This study reveals specifically a pertinent

mismatch between the cognitive demands of the text and the readers' abilities. Although some

readers displayed potential "cognitive strengths", these were inadequate in the reading to learn

situation. It is evident that physiology readers need specific cognitive strategies - strategies

dictated by the cognitive demands of subject-specific text.

Although the role of schemata in science learning has been questioned (cf. Carey,

1986), its role in reading comprehension currently enjoys strong support from reading

psychologists and cognitive scientists. According to Kieras (1985), one of the main

comprehension impeding features of expository text is the absence in the reader of relevant

schemata. Rumelhart (in Beers, 1987), explained the failure to understand text in the explicit

context of schema theory. He suggested that: a) readers may lack the appropriate schemata; b)

the cues in the text are insufficient to suggest the appropriate schemata; or c) readers may

discover a consistent interpretation of the text, but not the one intended by the author. In this

case, readers will "understand" the text, but will misunderstand the author.

Intact and appropriate schemata are essential for science text comprehension. The

development of facilitative schemata was thus considered a potentially worthwhile approach to

facilitate access to physiology text. The aim was to allow students to develop appropriate

facilitative schemata through the explicit teaching of the cognitive strategies necessary to learn

scientific concepts from text.
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6.4 PROVIDING FACILITATIVE SCHEMATA FOR LEARNING FROM

SCIENCE TEXT

Physiology presupposes an intellectual process rather than a body offacts (Samsel et al,

1994), and one of the more difficult aspects of teaching physiology is helping students

understand physiological interactions among the different levels of organisation in the body

(Cliburn, 1987). Unfortunately, as observed for other types of science text (Holliday et al.,

1994; Norris & Phillips, 1994) this study reveals that physiology text has all the characteristics

which encourages the memorisation of facts.

The first part of this study shows that there is a poor cognitive match between text and

students. The extent of cognitive dysfunctions was marked - students lacked the knowledge,

attitude and thinking processes required for successful text comprehension. The explication of

the cognitive requirements demanded by physiology text served as basis for systematically

designing instruction whereby such intellectual performance may be attained.

This instruction or intervention was based on the explicit teaching of higher-order

thinking strategies and skills within the context of domain-specific (physiology) knowledge.

An instructional framework was developed by integrating cognitive learning theories and

instructional prescriptions. The aim was to provide an effective learning environment where

students' cognitive abilities cou1d be improved in order to extend and apply their knowledge.

A central aim of the iaterveation was that the resultant instructional methods shou1d ensure

that students did not only learn the desired kinds of knowledge by conceptual change, but also

explicitly learn the thinking processes dictated by the text to facilitate conceptual change.

Principles for effective cognitive instruction were derived from models of cognitive

apprenticeship (cf Collins et al., 1989), the theory of Mediated Learning Experience

(Feuerstein & Feuerstein, 1994) and recommendations for reading in content areas as
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articulated by Herber (1985). The intervention was subsequently applied in two ways. Firstly,

intervention was aimed at facilitating the construction of appropriate schemata for the demands

of physiology text. The assumption that prior knowledge affects understanding from reading is

one of the most powerful and important assumptions undergirding recent theory, research and

instructional methodology in the field of reading comprehension. Facilitative schemata for

learning from physiology text were to be put in place. Because of it powerful heuristic

properties special attention was given to facilitative schemata for text organisation.

Secondly, guided reading for comprehension efficiency through the cultivation of

requisite cognitive processes was to be provided by a set of heuristics developed for

physiology content. These heuristics were designed on the basis of those behaviours,

underlying knowledge, and cognitive processes identified and described in this study as

required for conceptual understanding of physiology content from text.

Intervention was based on the principle that for purposes of initial instruction in

complex skills, cognitive processes and operations were made overt and explicit, so that all the

steps in the problem-solving process (reading comprehension) could be demonstrated. As

soon as students mastered the operations, guidance were gradually lessened so that the

problem-solving process became covert.

Within this instructional setting, the study shows that the notion of explicitly teaching

cognitive processes, described by deconstructing reading tasks, is possible. By translating the

cognitive processes into cognitive strategies, within a heuristic presentation, students were

guided through the various phases oflearning from physiology text. In other words,

systematic and deliberate methods of thought were taught that would enhance students'

problem-solving and thinking abilities.

In addition to teaching appropriate and effective cognitive strategies as demanded by
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expository text, this programme also facilitated an awareness of expository text conventions,

the nature of scientific understanding, the value of active strategic involvement in constructing

knowledge, and the necessity of metacognition.

Further, since intervention was executed within the context of physiology content, the

acquisition of content-specific information took place quite readily. This overcame the

problem of transfer, so often experienced with "content-free" programmes.

6.5 CONTRIBUTIONS TO THE SCIENCE EDUCATIONAL ENTERPRISE:

ISSUES GENERATED BY TEXT-BASED LEARNING RESEARCH

RELEVANT TO IMPROVING ACCESS TO SCIENCE

Currently there is the opinion among science education researchers that prevailing approaches

to instruction are excessively simplistic in their primary emphasis on science subject matter.

They try to teach the scientific facts, principles, and methods of the discipline; they aim to

present relevant topics logically; and they attempt to reflect recent scientific advances and

points of view (Ren: 1990). They, however, commonly neglect important issues and several

criticisms can be levelled against prevailing instructional approaches.

Firstly, attempts at reforming science education have focused on enhancing methods of

instruction (lecture, discussion, computers) and improving instructional materials (cf Chipman

& Segal, 1985; Tobias, 1990). Although carefully developed and researched instructional

materials may enhance achievement of particular educational goals, such materials will never

be able to meet all the needs of individuals (Dansereau, 1978) - especially not the need to

think effectively and independently:

Secondly, in many of these efforts the student is essentially viewed as a "black box", i.e.

as a system whose inner workings are not subject to closer scrutiny. The input of teaching is
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somehow presumed to produce desirable learning outcomes in the student, but the underlying

mechanisms whereby this is supposed to happen remain largely unexamined.

Thirdly, students are generally expected to cultivate or acquire scientific ways of

thinking, problem-solving or conceptual understanding in an incidental manner while they

acquire subject-specific knowledge - rarely are these taught. Current approaches do not, as a

rule, provide instruction or explain how scientific understanding is achieved or emphasises that

students have to actively cultivate the abilities that constitute scientific reasoning. When

problem-solving is taught instruction focuses on problem solutions (i.e. the products of

problem-solving), rather than on the processes whereby such solutions can be generated.

Fourthly, despite the domination of text, and in particular the textbook, in instructional

settings, the prevailing attitude of science educators is that of assuming that if students can

read, they should be able to learn from science text. Little attention is given to text as an

impediment to access scientific information.

This study presents a sophisticated approach to achieve the instructional goals of

science and addresses the above shortcomings of current educational approaches. Inpursuit of

these goals the study explicates (within a cognitive framework) the nature of subject

(physiology)-specific learning, the student, and the interaction between them The area of text-

based science learning was identified as posing a major obstacle in accessing scientific

information and was the focus of the investigation to gain a detailed understanding of the

intellectual abilities involved in acquiring scientific literacy.

In the context of above mentioned shortcoming of science education as it currently

stands, this study makes specific contributions to the current body of knowledge in science

education. These can be summed up as follows:

a) Given the importance of accessing scientific information from text this study explicates the
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special challenges that reading poses to students who learn from physiology text. In a

synthesis of literature from many disparate areas of research relevant to text-based learning a

comprehensive account, framed within a cognitive interactionist framework, is given of what

may be involved in effective thinking when learning from text. Text-based physiology learning

is presented as involving the interaction between prior knowledge, concurrent experience,

textual information and cognitive processes - all within the limitations of the available cognitive·

capacity of the individual and within specific social settings. The study identified the need to

(i) broaden the scope of research which needs to be consulted for research in this area of text-

based physiology learning. Inparticular, collaborative research studies that address the

reading-science issues in the regular classroom need increased attention,

(ii) identify and describe in a detailed manner those cognitive abilities necessary for

comprehending scientific concepts and principles when reading physiology text, and

(iii) design instruments for the cognitive analyses of students' learning tasks in a manner which

will allow a comprehensive and appropriate comparison between the reader and the text. This

cou1d serve as basis for intervention for improving access to text.

b) An important outcome of the study is the demonstration of how an inventory of cognitive

functions, such as that of Feuerstein, can be applied successfully to the analysis of the cognitive

reading repertoire of students and the demands intrinsic to understanding physiology text.

Frameworks for analysis of text and readers' protocols are presented which may have a broad

application for tasks involving learners and physiology text.

Application of the above instrument revealed several categories of cognitive demands

which students need to learn from text. In addition to several categories which appear to be

generic in that they are essential to most problem-solving situations, several important
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categories have been identified for learning from physiology text. These include:

reorganisation of textual elements to display relationships inherent to the concepts; clarification

of physiological meanings of terms and phrases; visualisation of events in order to facilitate

relational understanding; identification of sources of information relevant to the topic and the

consequent coordination thereof; and the continuous application of metacomprehension

strategies.

Inaddition the study reveals that students do not have the cognitive abilities that text-

based physiology learning demands of them Students rely heavily on passive rote

memorisation to acquire and store information. As is known, this precludes appropriate

processing or the personal construction of information. The absence of schemata appropriate

to anchor the new learning appeared to be a major debilitating factor in accessing physiologic

information from prose. This motivated the interventionist strategy adopted in this study to

provide students with the necessary and relevant facilitative schemata. The latter allowed them

to strategically anchor their new learning from text to existing schemata, and to thereby

construct appropriate understanding.

The provision of such facilitative schemata, as demonstrated by this study, can be

provided by heuristics which serve as scaffolding to guide the learning-from-text process. The

heuristics designed and tested here explicitly prescribe problem-solving strategies to ensure

conceptual understanding from text. These heuristics facilitated, in addition to the more

generic problem-solving strategies, cognitive processing to encourage relational understanding,

application of concepts, the holistic view of mechanisms and their interrelatedness at all levels

of bodily organisation, the clarification of non-homeostatic (disease) conditions, and relating

structure to function - not in a teleologic fashion but rather in a mechanistic manner.
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c) Universities should view education as a more encompassing intellectual discipline rather

than simply teaching, that is a service function. In this regard teachers can playa significant

role in science education reform by reviewing their perception of their role as educators.

(i) Science teachers may find that a more productive role is achieved if they reorientate

themselves regarding the specific difficulties that their students face with regard to the

demands of the learning tasks. Increased sensitivity to the need for analysing text (of different

formats) for the specific kinds of knowledge, thought processes and behaviour required may

facilitate the efforts of teachers interested in assisting their students with their learning

difficulties. This study demonstrated that instructional methods need not be restricted to

mundane skills (such as summarising, listing, and increasing memorisation), but can be

successfully designed to teach sophisticated cognitive strategies.

(ii) Science education can also benefit if teachers function more as mediators in the

learning process. This study demonstrates, in particular, the importance of making overt the

mental processes involved in text-based physiologic learning. It specifically demonstrates that

the thinking processes (elucidated by deconstructing text), when made explicit by overt

modelling by the physiology teacher, can be mastered and acquired for the intelligent

processing of text. The teacher thus serves as expert model of thinking and reasoning to the

novice physiology learner. This takes scientific thinking and reasoning processes out of the

realm of obscurity into the open where it can be observed, analysed and emulated.

iii) Support is provided in this study for the importance of domain-specificity in

cognitive enhancement endeavours. The demands for physiology-specific prior knowledge,

learning behaviour and cognitive processes demonstrated in this study emphasise the crucial

necessity for cognition-based intervention to be executed in the subject domain. In the absence

of subject content, students will always suffer problems oftransferrlng the acquired thinking
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strategies and skills to other areas - inevitably increasing their cognitive load and impeding

comprehension. This necessitates the involvement of subject teachers in developing students

into scientific thinkers and problem-solvers, and precludes the negation of this responsibility to

teaching experts who usually lack the necessary subject expertise.

This research is based on suggestions for cognitive process instruction (Glynn et al. 1991; ReU:

1994) and provides substantial evidence for the possibilities and advantages of such instruction.

Given the profound problems that students from impoverished educational backgrounds

experience, and the widespread realisation among educators that science education should

become more accessible, this research shows that the empowerment of students to access

science subjects, such as physiology, and achieve conceptual and higher-order understanding

and scientific thinking is possible.

While this study shows that the explicit teaching and acquisition of thinking abilities are

practically feasible, when executed properly, it is important that educators who wish to embark

on such programmes realise that success depends on many implementation-specific variables.

These include, a sound theoretical foundation, cautious planning, a sound programme,

effective implementation, strong commitment and diligent evaluation.

Currently, tertiary institutions are extensively occupied with the improvement offormal

physical access of students to the sciences. This often involves the development of

sophisticated formulae to select poorly performing matriculants and provide legitimate access

to tertiary education. These procedures however, fail to provide students with the means to

cope with the academic courses which traditional selection procedures considered them to be

incapable to deal with. Once students enter tertiary institutions, they need powerful and

effective programmes based on sound psychological and instructional theories to empower

them to cope with intellectually demanding scientific courses. Ideally such programmes should

be available at entry level or even at secondary level to optimise their benefits. This study
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specifically aimed at facilitating epistemological access to those who do acquire formal access.

The notion of explicitly teaching the appropriate cognitive behaviour and thought

processes as demanded by academic tasks such as reading to learn physiology seems to be a

particularly fruitful area into which science educational research should develop and be

encouraged. Areas to which particular attention need to be given are the cognitive demands

involved in executing laboratory instructions, class notes, scientific reports, computer-

presented text. It is apparent that it is especially the construction of meaning from graphic aids

(graphs, photos, micrographs, diagrams, histological sections, flow diagrams) which form

important modes of presenting textual info~tion needs interventionist attention.

Also, the important parameter of culture in science education has not received the

priority attention in South Africa that it deserves. This study has recognised and considered

this parameter as an integral part of students' schemata that they bring to the learning situation,

but the specifics thereof was not considered as part of the scope of this study. These need to

be addressed urgently in future studies.

In conclusion, the preceding suggestions are not visionary but can be implemented.

The research presented here can be considered as prototype for endeavours to go beyond the

superficial evaluation of academic tasks and student' abilities. With this approach the

obscurities of scientific reading and thinking - currently causing so much anxiety in students

and which in itselfis a debilitating factor - are revealed to both teachers and students. For

teachers it provides theoretically sound tools to address difficulties in text-based learning. For

students the exposition of the expectations and intellectual demands of text-based learning of

physiology and the provision of the necessary scaffolding necessary to construct

understanding, allow better control over their own learning. Directed by that which is

demanded by the task students are educated in acquiring effective reasoning and thinking

abilities when they read to learn in subject areas. This can only increase their independence as

learners, improve learning and facilitate access to science subjects subjects such as physiology.
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APPENDIX A

STATISTICS OF MATRICULANTS FOR BIOLOGY AND

SCIENCE (1993)

TABLE 1: STD 10 EXAMINATION RESULTS IN BIOLOGY

DEPARTMENT TOTAL NO. WRITING NO. PASSING

CANDIDATES BIOLOGY

AFRICAN
Bo~huthatswana 26361 24 995 .~95%) 13 502 51%
Cis ei 12473 11 857 ~95% 4699 38%'
DET 101673 82025 j 81% 33255 33%'
Gazankulu 20611 19481 95% 6672 32%'
KaNfMane 12055 10412 86% 2805 I 23%
Kwa debe1e 9919 8068 81%' 2075 I 21%
KwaZulu 46699 39690 85% 16828 36%
Lebowa 85423 75 811 ~89% 17726 21%
QwaQwa 6560 5312 j 81% 1810 28%'
Transkei 29478 27605 I94% 3986 14%)
Venda 14989 13 861 ~92% 6774 H5%\

AFRICAN TOTAL 366241 319117 r7% 110132 rO%
COLOURED 25735 21 781 85% 20194 78%,
INDIAN 15203 10412 680/0 9874 65°A,
wm.TE 63769 32755 51% 32145 50%

TOTAL 470948 . 384065 (82%) 172345 (370/0)

TABLE 2: STD 10 EXAMINATION RESULTS IN SCIENCE

DEPARTMENT TOTAL NO. WRITING NO. PASSING
CANDIDATES ~

AFRICAN
Bo~huthatswana 26361 4884 19%) 3409 (13%
Cis ei 12473 1870 15%) 865 (7%'
DET 101673 20716 I20% 10601 (10%
Gazankulu 20611 2129 I 10% 1110 f%)
KaNgwane 12055 1635 I 14% 699 6%)
KwaNdebele 9919 1235 12% 403 4%
KwaZulu 46699 5980 13% 3570 8%
Lebowa 85423 7615 (9%) 2714 3%,
QwaQwa 6560 1569 t4%1 663 (10%'
Transkei 29478 5779 20% 2 466 ~8%
Venda 14989 2015 13% 1136 8%

AFRICAN TOTAL 366241 55427 f5% 27636 (80/0
COLOURED 25735 5593 ·22°A, 5396~21%
INDIAN 15203 6027 400/0 5888 39°A,
wm.TE 63769 28127 44°A, 27604 43%

TOTAL . 470948 95147 (20%) 66524 (14%)

Source: EduSource Data News. No.7. December 1994
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APPENDIX B

COGNITIVE FUNCTIONS AND DYSFUNCTIONS ACCORDING TO
FEUERSTEIN*

COGNITWE DYSFUNCTIONS COGNITWE FUNCTIONS

THE INPUT PHASE

1. Blurred and sweeping perception and data 1. Clear perception and data gathering

gathering
2. Systematic exploration of a learning

2. Impulsive exploration of a learning situation situation

3. Impaired receptive verbal tools and 3. Precise and accurate receptive verbal tools

concepts and concepts

4. Impaired understanding of spatial concepts 4. Well developed understanding of spatial
concepts

5. Lack of or impaired understanding of 5. Well developed understanding of temporal

temporal concepts concepts

6. Impaired ability to conserve constancies 6. Well developed ability to conserve
constancies

7. Impaired capacity to gather data precisely 7. Precise and accurate data gathering

and accurately

8. Impaired capacity to consider more than one 8. Well developed capacity to consider more

source of information than one source of information

THE ELABORATION PHASE

1. Inaccurate definition of problem 1. Accurate definition of problem

2. Impaired ability to select relevant cues 2. Ability to select relevant cues

3. Inability to engage in spontaneous 3. Ability to engage in spontaneous

comparative behaviour comparative behaviour

4. Inability to intemalise events 4. Ability to intemalise events

5. Impaired need for spontaneous summative 5. Need for spontaneous summative
I

6. Inability to project virtual relationships 6. Ability to project virtual relationships
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7. Lack of need for logical evidence 7. Need for logical evidence

8. Narrow and limited mental field 8. Broad and wide mental field

9. Restricted use of inferential-hypothetical 9. Ability to use inferential-hypothetical

thinking thinking

10. Impaired strategies for hypothesis testing 10. Ability to use strategies for hypothesis

11. Lack of planning behaviour 11. Need for planning behaviour

12. Impaired elaboration of cognitive categories 12. Adequate elaboration of cognitive
categories

13. Episodic grasp of reality 13. Meaningful grasp of reality

THE OUTPUT PHASE

1. Egocentric communication modalities 1. Mature communication modalities

2. Blocking out responses 2. Participatory output response

3. Trial and error output responses 3. Worked through output responses

4. Inadequate expressive verbal tools 4. Adequate expressive verbal tools

5. Impaired data output 5. Precise and accurate data output

6. Impaired visual transport 6. Accurate visual transport

7. Impulsive/Acting-out behaviour 7. Appropriate behaviour

(*Skuy et al., 1991)
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APPENDIX C

FRAMEWORKS FOR ANALYSES OF VERBAL PROTOCOLS AND

SCIENCE TEXT

Figure Cl. CATEGORIES OF READERS' RESPONSES

Protocol comments
I

I
Text specific comments

I
Meaning-relevant comments

I
Metacomments

I
Affective responses

I
"Beyond the text" comments

I
I

Cognitive functions

I
I

Prior knowledge

I
Input Elaboration

I
Output

Figure C2. CATEGORIES OF TEXT DEMANDS

Text passage content

Required prior knowledge

I
I

Input

Cognitive functions

I
Organisation

I
Elaboration Output

I I
Text structure Subject knowledge
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APPENDIX D

SAMPLE TEXT PASSAGES AND QUESTIONS

PASSAGE A: VALVES OF THE HEART

(1). As each chamber of the heart contracts, it pushes a portion of blood into a ventricle or out of the heart
through an artery. (2). To prevent back flow ofblood, the heart has valves. (3). These structures are composed
of dense connective tissue covered by endocardium. (4). Valves open and close in response to pressure
changes as the heart contracts and relaxes.

(5). Atrioventricular Valves

(6). Atrioventricular (AV) valves lie between the atria and ventricles (Fig. 20.3d). (7). The right AV valve
between the. right atrium and right ventricle is also called the tricuspid valve because it consists of three
cusps (flaps). (8). The left AV valve between the left atrium and the left ventricle has two cusps and is called
the bicuspid (mitral) valve. (9). When an AV valve is open, the pointed ends of the cusps project into the
ventricle. (10). Tendon-like fibrous cords called chordae tendinea (KOR-dë-ten-DIN-ë-ë) connect the pointed
ends and undersurfaces to papillary muscles (muscular columns) that are located on the inner surface of the
ventricles.

(11). Blood moves from the atria into the ventricles through open AV valves when ventricular
pressure is low (Fig. 20.4a). (12). At this time the papillary muscles are relaxed, and the chordae tendineae
are slack. (13). When the ventricles contract, the pressure of the blood drives the cusps upward until their
edges meet and close the opening (Fig. 20.4b). (14). At the same time, the papillary muscles are also
contracting, pulling on and tightening the chordae tendineae. (15). This prevents the valve cusps from everting
or swinging upward into the atria

(16). Semilunar Valves

(17). Both arteries that emerge from the heart have a valve that prevents blood from flowing backward into
the heart. (18). These are the semilunar (SL) valves (see Fig. 20.3d). (19). The pulmonary semilunar valve
lies in the opening where the pulmonary trunk leaves the right ventricle. (20). The aortic semilunar valve
is situated at the opening between the left ventricle and the aorta.

(21). Both valves consist of three semilunar (half-moon, or crescent-shaped) cusps. (22). Each cusp
is attached by its convex margin to the artery wall. (23). The free borders of the cusps curve outward and
project into the opening inside the blood vessel. (24). Like the atrioventricular valves, the semilunar valves
permit blood in one direction only: in this case, the flow is from the ventricles into the arteries (Tortora &
Grabowski, 1993 :597).

QUESTIONS

1. How do the heart valves contribute to the effective functioning of the heart?
2. Explain the effect that removal of the heart valves will have on heart function?
3. Does the structure of the valves affect their functioning? If so, how?
4. How would a defective mitral valve affect heart function?
5. How would a high blood pressure in the aorta affect the valvular action?
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f!GUal 20.3 Structure of the heert.
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PASSAGE B: PHYSIOLOGY OF CARDIAC MUSCLE CONTRACTION

(1). The impulse initiated by the SA node travels along the conduction system and spreads out to excite the
"working" atrial and ventricular muscle fibers which are called contractile fibers. (2). The contractile fibers
have a resting membrane potential close to -9OmV. (3). When they are brought to threshold by excitation in
neighbouring fibers, certain sodium ion (Na~ channels open very rapidly; these are called voltage-gated fast
Na+ channels. (4). This increase in membrane permeability allows an inflow ofNa+ down its concentration
gradient and produces a rapid depolarization (Fig. 20.7).

(5). During the next phase, called the plateau, voltage-gated slow Ca2+ channels open, allowing
calcium ions (C~ to enter the cytosol. (6). Some C~ passes through the sarcolemma (plasma membrane)
from the extracellular fluid (which has a higher Ca2+ concentration) while other C~ .pours out of the
sarcoplasmic reticulum within the fiber. (7). The combined buildup of Na" and Ca2+in the cytosol maintains
the depolarization for about 0.25 sec (250 msec). (8). By comparison, depolarization in a neuron or skeletal
muscle fiber lasts about 1 msec.

(9). The next steps are similar in skeletal and cardiac muscle fibers. (10). Ca2+binds to troponin,
which allows the actin and myosin filaments to begin sliding past one another, and tension starts to develop.
(Il). Substances that alter the movement ofCa2+ through slow Ca2+channels influence the strength of heart
contractions. (12). Epinephrine, for example, increases contraction force by enhancing Ca~ inflow. (13).
Certain drugs, appropriately called calcium channel blockers, such as Verapamil, reduce C~ inflow and
diminish the strength of the heartbeat.

(14). The repolarization (recovery of resting membrane potential) phase of the impulse in a cardiac
muscle fiber resembles repoIarization in other excitable tissues: after a delay (which is particularly prolonged
in cardiac muscle), voltage-gated K+ channels open, and potassium ions (1(+) diffuse out along their
concentration gradient (IS). At the same time, the Na+ and Ca2+channels are closing, which slows and then
almost stops further inflow of these two ions. (16). As more K+leaves the fiber and fewer Na+ and Ca2+enter,
the negative resting membrane potential (-90mV) is restored and the muscle fiber relaxes.

(17). In muscle, the refractory period is the time interval when a second contraction cannot be
triggered. (18). The refractory period of a cardiac fiber is longer than the contraction itself (Fig. 20.7). (19).
As a result, another contraction cannot begin until relaxation is well underway and tetanus (maintained
contraction) cannot occur. (20). The advantage is apparent ifyou consider how the ventricles work. (21). Their
pumping function depends on alternating contraction, when they eject blood, and relaxation, when they refill.
(22). If tetanus could occur, blood flow would stop (Tortora & Grabowski, 1993:605).

FIGUH 20.7 Impulse (action potential) in a ventricular contractile fiber. The resting
membrane potential is about _90 mV. .

~ ® Plateau due to opening of
/ voltage-gated slow Ca2> channelsr------- ...

<D Rapid depolarization due to opening
of voltage-gated fast Na" channels

@ Repolarization oue to opening of
voltage-gated K· channelS

~----0.3 sec (300msec)----~

Refractory period

248

https://etd.uwc.ac.za/



1. Of what importance are electricalimpulses to heart function?
2. How do the electrolytemovements in cardiac tissue relate to the mechanical response of the heart?

3. Is there any reason why the depolarisation phase of ventricular fibers are much longer that the

repolarisation phase?
4. Why is it impossible for the heart to go into spasm and why is this important?

5. What do you understand by a resting membrane potential of -90mV?

QUESTIONS
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APPENDIX E

INTERVIEW PROTOCOLS AND ANALYSES (Chapter4)

Introduction to transcripts
1. These transcripts are minimally edited versions of the research transcripts that have been used to
establish the cognitive strengths and weaknesses of the subjects.

Some conventions of the transcripts should be noted. Commas are used to represent brief pauses
in the flow of speech, and appear only when there are such pauses. Triple dots ( ...) do not mark
omission, but pauses of about three seconds. Longer pauses are indicated by "PAUSE". Material
enclosed in parenthesis was added during transcription; and material in square brackets indicate unclear
dialogue. Italics indicate those sections read directly from the text.

Simple punctuation has been added to improve readability of transcripts and the detailed timing
or interruptions and overlapping speech has been omitted. Hesitations, false starts, repeats and
mispronunciations are all presented in the transcripts.
2. Throughout, "I" stands for interviewer and "S" for student.
3. The protocols of some subjects are supplemented with copies of the notes they made during the
interviews.
4. In the analyses, all bracketed numbers refer to the correspondingly numbered responses in the
transcripts.

INTERVIEW PROTOCOL Al

Topic: Heart valves

1. 1. You can read now as I've explained to you.
2. S. As each chamber of the heart contracts, it pushes a portion ofblood into a ventricle ... into

a ventricle or out of the heart through an artery. To prevent back flow of the blood, the heart
has valves. (She starts to write).

3. 1. What are you writing?
4. S. What are the function of the valves ...
5. 1. You are going to write down the important information?
6. S. Yes. (She writes: "Heart has valves - prevents back flow of blood into the ventricle or out of

the heart or out of an artery").
7. I. Why did you write that down?
8. S. Because it is a function of the heart. It is important to know what happens when the blood

flows from one place to another.
9. 1. Ok.
10. S. These structures are composed ofdense connective tissue (Writes: "OCT"). .. covered by

endocardium. Valves open and close in response to pressure changes as the heart contracts
and relaxes. (She writes: "Respond to press. changes - relaxation and contraction." See her notes
below).

11. 1. What are you thinking?
12. S. When I say respond to pressure changes, I should know what happens when pressure

changes ... the heart contracts or relaxes.
13. 1. Ok.
14. S. (She reads through each successive sentence and then copies them as her notes). The AV
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valves ... between ... lie between the atria and ventricles. The right AV valve between the right
atria and right ventricle is also called the tricuspid valve because ... it consists of three flaps.
(Rereads this sentence). Ok.

15. 1. You're writing down all that information?
16. S. Yes, because in the exam they may ask what is the tricuspid valve ... I won't know what it is ...

so in a way ... synonyms ... so, I should know. The left AV valve between the left atrium and the
left ventricle has two cusps and is called the bicuspid or mitral valve. So, (she rewrites that
under the heading "position of the valve"). When an AVvalve is open, the pointed ends of the
cusp project into the ventricle. Tendon-like fibrous cords called chordae tendineae connect the
pointed ends and undersurface to... undersurface to... papillary muscles that are located on the
inner surface of the ventricles. Ok. When an AV valve is open, the pointed ends of the cusp
project into the ventricle, and then, the tendon-like fibrous cords called chordae ten ...
tendineae ... Ï'm trying to pronounce this word ... tendinea ... connect the pointed ends and
undersurface to the ventricles. Now I'm trying to figure out this (the sentence) is too long ... so I
should cut it into short pieces so that I can understand it. Ok. .. (Writes from the text: "AV valve
is open ... the pointed ends of the cusp project into the ventricle").

17. 1. Why do you write that down?
18. S. I should know like (why) they call it tricuspid and bicuspid ... so the function of the cusps ...

and then like when the blood ... when the AV valve is open, blood flow through so I should know
what is happening around that vicinity.

19. 1. Ok. You're doing fine.
20. S. Then the chordae tendineae (she copies from the text) ... connect the pointed ends and

undersurface to... undersurface to... papillary muscles that are located on the inner surface of
the ventricles papillary muscles that are located on the inner surface of the ventricles.
(Rewrites the text).

21. 1. So that entire sentence is important to you?
22. S. Yes.
23. 1. If there is anything that you're thinking of as you're writing please let me know.
24. S. Ok. .. located on the inner surface of the ventricles. (Writes it down). Ok. As I wrote this

sentence I was thinking of the ventricles ... blood flows through and then ... the papillary muscles
are located on the inner surface of the ventricles. So, they are... here they say ... they are
muscular columns ...

25. 1. What does that tell you?
26. S. That tells me that this muscles can contract... can contract, can relax. Maybe they contract...

contract as the blood flows, but I will find out as I read through. Blood moves from the atria into
the ventricles through open AV valves when ventricular pressure is low... is low. So here, it
shows that when the AV valves are open, blood moves through and all this things function the
papillary muscles, the chordae, and then ... (She glances through the text and then reads) ... [ ]

27. 1. What did you read there now?
28. S. No, I was ...AV valves when ventricular pressure is low. So, I was trying to find were I am.

So that I could continue. Ok. At this time the papillary muscles are relaxed ...
29. 1. What is puzzling you?
30. S. As I was writing here ... what's the function ... what can I say ... papillary muscles are part of

the AV valves. So, I was thinking what are they ... their function. So, I was ... now I'm reading
that... at this time the papillary muscles are relaxed. So, when the AV valves are open, blood
flows through ... the papillary muscles are relaxed. So, I found the function.

31. I. Of the papillary muscles?
32. S. Yes. (Writes: "AV valves are open the blood flows through then the papillary muscles relax').

At the time the papillary are relaxed and the chordae are slack. So... I should find the meaning
of slack.

33. 1. Does that word bother you?
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34. S. Yes. Don't you have a dictionary?
35. I. I don't have a dictionary here. Do you usually use one?
36. S. Yes.
37. I. Ok, in that case I can tell you that slack means limp or without tension.
38. S. So, it means limp. (Writes). And the chordae tendineae is limp. I always use the word that is

ok for me. I won't use slack because it is in the book.
39. I. Why would you do that?
40. S. So, that maybe next time I forget the meaning of slack. If I write limp I will know what is

limp. I will understand my notes. (Resumes reading). When the ventricles contract, the pressure
of the blood drives the cusps upward until their edges meet and close the opening. Ok. I'll write
that: When the ventricles contract. .. This make me think of something else ... when I was in class,
the lecturer was explaining to us what was happening. Like I remember this sentence: When the
ventricles contracts the pressure of the blood drives the cusps upward until their edges meet ...
Like she was ... she had a drawing like ... like this one (She points to the figure. Its the first time
she now looks at it) ... explaining to us what was happening.

41. I. Ok. So what were you thinking?
42. S. I was thinking of... I always like when I'm reading and something strikes my mind ... what was

she saying ... what was the lecturer saying ... then like I'm trying to picture ...
43. I. So what comes to mind?
44. S. Like when I got to this picture, I sort ofread it.
45. I. Ok,just continue as you would normally do.
46. S. (She looks at Figs. 20.4a & b) Bicuspid valves open ... and then the chordae is slack and then,

the papillary muscles are relaxed and then the AV valves open. But when this valves close, here
the chordae (She talks through figure) ... the chordae ... tightens and the papillary muscles
contract. So, this side (left-hand figure) they relax and then blood flows through, but here (right-
hand figure) when the blood has passed they closed ... the valves. And the chordae ... its sort of
stiff and then the muscles contract. I'm going back to my reading now.

47. I. You're happy with your understanding? What do you understand now?
48. S. I understand that when the AV valve open, the chordae are limp and the papillary muscles are

relaxed and blood flows through. Then after that when the chordae tightens, and the papillary
muscles contract, the valves close until they meet till they close the opening. Then I'm going to
write this ... With my understanding. (She writes: "When the ventricles contract...) ... blood flows
through AV valves. Ok. In brackets I'm going to write open - because they are open - blood can't
flow through when they are closed. I'm going to shorten the chordae to C.L. The chordae is limp
and papillary muscles relax. But then after the outflow the AV valves are closed ... (She's writing
this). .. [...] and papillary muscles contract. Ok. At this time (reading) the papillary muscles are
also contracting pulling on the chordae tendineae. This prevents the valves from everting or
turning up into the atria. PAUSE.

49. I. What goes through your mind?
50. S. After the movement of blood ... so that uh ... blood shouldn't flow back into where it comes

from ... let me say so. The tightening of the chordae ... fine ... I'll read that... this will prevent the
valves from everting or swinging. Because if the valves will swing back, maybe it will open and
the blood will flow backwards again in the atria. Now the semilunar valves. (Writes the
heading). Both arteries that emerge from the heart have a valve that prevents bloodfrom
flowing backward into the heart. Same functions as there ... the valves over there (AV valves).
(Jots down notes on function). Ok. These are the semilunar valves. The pulmonary semilunar
valve lies in the opening where the pulmonary trunk leaves the right ventricle. (She pages over
-looking for a figure). Here. (She locates the "position" of the pulmonary trunk in her notes - not
in the figure!) The pulmonary semilunar valve lies in the opening where the pulmonary trunk
leaves the right ventricle. And then the aortic semilunar valve is situated at the opening
between the left ventricle and the aorta. Now I should like the situations are ... (location) ... I'm
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going back to the book.
51. I. What are you looking for?
52. S. For the aortic semilunar valve and pulmonary semilunar valve.
53. I. (She looks at Fig. 20.3, and points to the pulmonary trunk).
54. S. (Reads). .. Fig. 20.3. Aortic semilunar valve, pulmonary semilunar valve. I would ... (She

makes notes on the location and structure) ... both valves consist of three semilunar cusps. Each
cusp is attached by its convex margin to the artery wall. (This she copies as her notes).

55. I. Are you thinking about anything else or are you just writing straight from the text?
56. S. No, I'm just writing straight from the text. The free borders of the ... the free borders ... of the

cusps curve outward and project into the opening inside the blood vessel. Now there is a
problem ...free borders of the cusps ... (She seems puzzled).

57. I. What are you looking for now?
58. S. Some clue if! can find something in these drawings here. The blood goes through the heart ...

(She looks at Fig. 20.3 and p.599).
59. I. What are you thinking?
60. S. I'm thinking which free borders of the cusps. Usually if! have a problem like this ... if! can't

understand it, then ... then I will go to my friend ... anyone who does physiology ... to help me ... to
explain it to me. So, should I skip it?

61. I. Well you're alone now, what will you do?
62. S. If I can't find a person, I will just leave it.
63. I. Ok.
64. S. Like the atrioventricular valves, the semilunar valves permit blood in one direction only. In

this case, the .flow is from the ventric/es into the arteries. (She rewrites this).
65. I. Why do you write it down?
66. S. Because next time I will not go to my text book. .. I'm going to read my notes.
67. I. Are you done?
68. S. Yes, but I still have this problem (referring to the "free borders").
69. I. Is there anything that you can do to help yourself?
70. S. I can look at the diagrams and see. Like now there is nothing I can find here.
71. I. Ok, thank you.

72. I. Will you please answer these questions?
73. S. Ok. How do the heart valves contribute to the effective functioning of the heart? The valves

open and close ... like ... because like when this low pressure they open, and blood flows through
and when they close they prevent back flow of the blood of the blood ... Maybe from the
ventricles ... or they move from ... when they move to the ventricles they are from arteries. So they
can't go back because maybe it is deoxygenated its going to mix ... That's how they function and
then ... number two. Explain the effect of removal of heart valves will have on the heart
function. Like I said in the last question, blood will mix in the ventricles and the arteries. So, the
deoxygenated blood and the oxygenated blood will mix and they will psobably ... blood will just
flow through ... up and down ...

74. I. Up and down in the heart or up and down in the body?
75. S. Like in the heart there are those two arteries and the two ventricles. So, blood will move from

the body into the arteries down the ventricles. So, blood then ... the AV valves between the
ventricles and the arteries will ... like if there are not those valves, blood will just go through. Like
once in class they said 70% of the blood flow through by gravity and 30% by some pressures.
The whole of blood ... 100% of the blood will flow down the heart. And the semilunar valves just
flow out of the heart again.

76. I. Just out of the heart again.
77. S. Yes, not necessarily up and down the whole body, but in the heart ... just flow through.
78. I. Like there is nothing to prevent it from flowing through.
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79. S. Yes. Nothing prevents it. Number three. Does the structure of the heart affect the
functioning. If so, how? Ok. Like the AV valves ... those cusps they well ... when blood has
passed, they close so that the flaps they don't... those chordae ... it like tightens up when blood has
passed through and then the muscles will contract so that the opening of the valves closes. Over
here ... does the structure affect the function? Yes, those muscles ... if there were no muscles ... I
think nothing ... I don't think that there is anything in the body that can contract and relax except
for muscles. That is how I would answer it.

80. I. Why would the papillary muscles contract?
8l. S. Like maybe ... it has something to do with the impulses that... like when I want to raise my

hand, there is something ... I don't just raise my hand ... there is something in my body that tells
me to raise my hand, There are impulses ... yes.

82. I. Why do the chords tighten?
83. S. If they are limp, blood flows through. So, if they tighten, there is that force to close.
84. I. What cause them to tighten?
85. S. I will have to go to my notes. The chordae connect the ends ... they are located on the inner

surface ... AV valves open, blood flows through ... papillary relax. and the chordae relax ... When
the ventricles contract... Oh. Now I can ... When the ventricles contract, blood moves out. So,
that's the cause I think of the chordae tighten and the papillary ...

86. I. What is the cause?
87. S. The contraction of the ventricles. Five. How will a defective mitral valve affect the heart

action. Ok. The mitral valve is the bicuspid valve. So, if the bicuspid valve is between the left
ventricle and the right ventricle ... so ...

88. I. Between the left ventricle and right ventricle?
89. S. Oh, no. Between the left arteries and the left ventricle. So, if this ... ifit is defective, maybe it

cannot contract, cannot relax, there will be that flow ... straight flow. Like those past questions ...
Like ... they will just flow from arteries straight down to the ventricles.

90. I. Ok
91. S. Six. How will a high blood pressure in the aorta affect the valvular action? (She reads)

Aortic semilunar valve is situated ...Ok. I will go back to my notes. The pulmonary semilunar
valve lies ... If there is high blood pressure in the aorta ... blood. I will have to locate where the
aorta is. (She locates it on the figure depicting the posterior external view). ru check the aorta
where it is Ok. .. ascending aorta .. So, the semilunar valve is situated ... now I'm trying to locate
in the aorta like they say the aortic semilunar valve is situated in the opening ... between the left
ventricle and the aorta ... So, I think that ifit is a high blood pressure and the aorta, blood from
this left ventricle, I think blood supplies the parts of the body ... like out of the ... like they
distribute to the other arteries. I don't think it will affect it...

92. I. Is that your answer?
93. S. Yes.

ANALYSIS OF PROTOCOL Al

L COGNITIVE WEAKNESSES
INPUT PHASE
1. She did not scan the passage to determine a goal, but from the onset engaged in detailed reading. The
prevention of back flow of blood was immediately identified as "a function" and motivated her to decide
that was what the passage was about (4-8). No further attempt was made to identify the main theme or
topic.
2. Her exploration of the passage to gather information was impulsive and unplanned - almost everything
was rewritten and thus considered important (e.g. 2, 10, 16,20 - see her notes). Little attention was given
to the possibility. of gaining information from figures or clarifying the gross anatomy.
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3. Although she took care at times (e.g. 32 and 16) to clarify and correctly pronounce unfamiliar words,
her reading lacked grammatical and semantic accuracy. E.g. in (9-11) she literally perceived that "valves
open and closes in response to pressure changes as the heart contract and relaxes" were the same as the
heart contracts and relaxes when the pressure changes. In (20) the long sentence was considered difficult
to process and "cut into short pieces" - she apparently needed smaller chunks of information to memorise.
Her verbal and language proficiency hampered accurate perception of phrases and concepts.
4. Attempts at visualising the structures, their movements and even the temporal aspects were inefficient
and haphazard. She focussed on components such as the papillary muscles and the chordae tendineae
without displaying a need to assign to them a role in valve or heart function (20, 26 and 24).
5. Collection of information was generally disorganised and inaccurate. She frequently distorted
information (26, 30 and 46) and failed to check that the relevant information was complete (16, 24 and
40).
6. Her ability to use more than one source of information was limited to recognising familiar information
(39), and associating "muscle columns" with ability to contract (24-26). She relied heavily on textual
information and when she did consult the figures (46 and 54) it was in a superficial way. She did not
consult the figure that the text refers to and she moved in on the first available figure depicting a heart.
Although she referred to a lecture she attended, she failed to link that information from it with the new
information, or to elaborate on the prior information.

ELABORATION PHASE
7. When confronted with problems she had difficult in defining the source of the problem. E.g. in (20)
she displayed a lack of insight in establishing the specific difficulties in the sentence. In (56-60) she
struggled with the meaning of "free borders of the cusps." Instead of defining the source of the problem,
she stated that "If! can't find a person I will leave it" (62).
8. Her failure to read toward a defined goal or with a particular theme in mind, caused her to process the
text in a "snap-shot" fashion. Each sentence provided a main point and she failed to select relevant points
to build and argument or construct a concept (46). The processing of the text is essentially as linear as it
was presented.
9. Her grasp of reality was episodic and profound. Items were viewed separately - she did not integrate or
attempted to find cause and effect relationships which abound in the passage. In fact, she appointed cause
and effect relationships diabolically opposite to what the text presented. For example, in (30-32) she
stated that the function of the papillary muscles is to relax, and that they relax after the blood flows
through.
10. She tended to distort information as she elaborated. E.g. "When blood has passed they closed" (46);
and "it shows that when the AV valves are open, blood moves through and all this things function ... the
papillary muscle, chordae, and then ... (26). She lacked an awareness of comprehension monitoring.
11. Her narrow mental field was evident in the failure to relate objects or events she encountered to one
another or to heart function. She never reflected on her initial statements (6-8) that the prevention of back
flow was in her view the main point, in order to find compatibility with the theme and the information.
12. In her effort to understand the function of valves she failed to seek for logical consistency by
activating and reflecting on her prior knowledge (the classroom experience), diagrammatic
representations or her general physiological knowledge.
13. Her very limited need to elaborate on the information was evident in her almost verbatim rewriting of
all the textual information. The purpose of which was to substitute the text when she studied (66). This
approach strongly suggests text processing aimed at rote learning instead of conceptual understanding.
14. She displayed difficulty in expressing concepts in great depth due to limited expressive and receptive
vocabulary. This can be noted in (26 and 75), where her elaboration was focussed on concrete events and
ineffective paraphrasing. Instead, she copied phrases verbatim from the text (24 and 54), constructed
inaccurate statements: "in the heart there are two arteries and two ventricles" (75), and "the semilunar
valves just flow out of the heart again" (75); and "all this things function" (26). .
15. She failed to assimilate and accommodate information as evidenced in her incoherent explanation of
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the role of valves in the heart (73-77). An inability to internalise information was also evident in her poor
spontaneous concept formulation, inability to formulate conclusions and the focus on concrete
information.
16. Her cognitive strategies were impaired and even when she realised that she needed to go beyond
what was given, she did not know how to do it (60 and 40).

OUTPUT PHASE
17. Her output responses occurred by trial and error. There was little logic or structure in her responses
to the questions (73-91).
18. Her expressive verbal tools were impaired - for instance, in (73) her response to the first question
was incoherent and incomprehensible. Further, she did not seem to be metacognitively aware of her
failure to communicate what she meant.
19. She responded by trial-and-error responses to the questions (inaccurate data output). Cognitive skills
of comparison and summation was not in evidence.
20. Visual memory or recall was impaired as she failed to recall the spatial dimensions of prominent
structures in order to apply them in her response to questions. Her responses to the questions were
unstructured, unplanned, and without sufficient attention to the purpose of the question (impulsive
behaviour).

COGNITIVE STRENGTHS
21. She was aware of the need to identify important points e.g. (8, 12, 16 and 18), but this was not
followed by seeking logical evidence or placing it within the context of a goal.
22. She experienced a need to make personalised notes (66) but her attempts failed dismally due to lack
of appropriate cognitive strategies like summarising, planning, and metacomprehension.
23. She attempted to activate and retrieve prior information (42), but this strategy was unsuccessful in
that this information was never integrated or made relevant to the purpose of her reading (42).
24. She recognised unfamiliar words (16 and 32) and took care to pronounce "chordae tendinea"
correctly (16) and clarify the meaning of "slack" (32).
25. She consistently tried to paraphrase the textual information (although mostly incorrectly), and when
she made notes they were essentially copied directly from the text.
26. She "talked through" Figs. 20.4a & b (46), but processing remained literally at the concrete level and
she failed to integrate the information to other events in the heart.
27. She was proficient in English (her second language) and she was aware of the need to use a
dictionary to clarify non-technical words (34).
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INTERVIEW PROTOCOL A2

Topic: Cardiac contraction

1. I. Will you please read the passage as I've explained it to you.
2. S. (He reads through the passage once without stopping to consider any sections in particular).
3. I. Ok. Now that you have read it through the first time, what are you going to do?
4. S. I will read it through the second time with more concentration in order to understand it.
5. I. Please show me how you go about doing it.
6. S. The impulse initiated by the SA node travels along the conduction system and spreads out

to excite the "working" atrial and ventricular muscle fibers, which are caIled contractile
fibers. Now I will write down contractile fibers.

7. I. Why do you write that down?
8. S. I think it is a key word ... So ... PAUSE ...
9. I. You're pausing and you're looking at the diagram.
10. S. Yes, Ilook at the diagram ... also ...
11. I. What do you see or what are you looking at? LONG PAUSE.
12. S. [...]. .. so I read further ...
13. I. What have you looked at or looked for in the diagram?
14. S. I want to see how the diagram will enlighten certain areas ...
15. I. Ok.
16. S. Ok. So... The contractile fibers have a resting membrane potential close to -90m V. I look

again at the diagram to see whether the diagram demonstrates anything about the -90 ... In the
heading I saw "impulse in a ventricular contractile fiber." The resting membrane potential is
about -90mV. Yes. In other words ... I think it starts here ... When they are brought to threshold
by excitation in neighbouring fibers, certain sodium ion channels open very rapidly; these are
caIled voltage-gated fast sodium channels. Now I will also write down ... uh ... sodium
channels ... also a key word ... PAUSE.

17. I. Why are you pausing? What are you thinking about?
18. S. The text... I read again ... When they are brought to threshold by excitation in neighbouring

fibers, certain sodium ion channels open ... what I understand here is that sodium channels
opens when the neighbouring fibers are excited ... or reach threshold potential ... now ... This
increase in membrane permeability aIlows an inflow of sodium down its concentration
gradient and produces a rapid depolarisation. Now, uh ... uh ... (He looks at the figure).

19. I. Are you puzzled?
20. S. Yes, I'm thinking about what is the result of the rapid depolarisation. So I understand an

increase in the membrane permeability ... results in the rapid depolarisation. So, I would like to
write that down as well. (He notes more key words - "rapid depolarisation"). PAUSE. During the
next phase, caIled the plateau, voltage-gated slow calcium channels open, allowing calcium
ions to enter the cytosol. PAUSE. I also write down "the plateau." So... I see the sketch also
demonstrate the phases ... yes ... The first phase is the rapid depolarisation due to the ... (He
reads the label). Then I see the plateau phase ... due to the opening of... (He reads the label). ..
PAUSE So, during the plateau phase ... it actually occurs in the cytosol... (He resumes
reading) Some calcium passes through the sarcolemmafrom the extraceIlular fluid (which
has a higher calcium concentration) while the calcium pours out of the sarcoplasmic reticulum
within the fiber. PAUSE. PAUSE.

21. I. What are you thinking of? .
22. S. I'm thinking of the movement of... how, uh ... the calcium ... uh ... moves through the plasma

membrane. So I see ... uh ...
23. I. I have to know what you are thinking. What is worrying you?
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24. S. I'm thinking about how it uh ... So, I...Iread further ... The combined buildup of sodium and
calcium in the cytosol maintains the depolarisationfor about O.25sec (250msec). By
comparison, depolarisation in a neuron or skeletal muscle fiber lasts about 1msec. I will also
write down ... Ithink it is important to know the time it takes to ... PAUSE. PAUSE.

25. 1. You're writing down "neuron" ... (He writes "neuron and muscle times .... 25 and lmsec").
26. S. It is in a neuron ... or it can be in a muscle.
27. 1. Why do write it down?
28. S. Ithink the time is important. Iread further ... The next steps are similar in skeletal and

cardiac musclefibers. Calcium binds to troponin ... Iwrite down that also ... (He writes:
"calcium binds to troponin") ... Ithink it is a important fact... He resumes reading ... which allows
the actin and myosin filaments to begin sliding past one another ... Ilook at the diagram to see if
they illustrates something ... Ijust want to make sure of the ... whether the diagram does not give ...
maybe demonstrate it better. So Iread again ... (He omitted: "and tension starts to develop").
Substances that alter the movement of calcium through slow calcium channel blockers, such as
Verapamil, reduce calcium inflow and diminish the strength of the heartbeat.

29. 1. What are you thinking of now?
30. S. I'm thinking that the effect of the substances on the strength of the heart contraction ...

PAUSE ... No, Iwould ... Idon't know what substances they're talking about. Epinephrine for
example increase contraction caused by enhancing calcium inflow ... So... Isee the substances
may ... [...]... Epinephrine and certain drugs appropriately called ...Now Iwant to exactly ...
want to understand the effect the substances have on heartbeat. Now, Epinephrine increase
contraction force PAUSE ... (He writes that down: "Epinephrine increase contraction force").
So, certain drugs (He rereads it). No, Idon't know what that is. Although they give an
example ... like Verapamil (He writes down "Verapamil"). So, now Iknow the effect of those
substances. The repolarization (recovery ofresting membrane potential) phase of the impulse
in a cardiac muscle fiber resembles repolarisation in other excitable tissues: after a delay
(which is particularly prolonged in cardiac muscle) ... So ... I ... [...]. .. I write it down ... and I will
think about it...

31. 1. Is that particular sentence ("The repolarisation.:. ") a problem?
32. S. Yes. (He pages back to the diagram). PAUSE. Repolarisation ... (He seems to be very puzzled

as he looks at the diagram). I'm rereading this now ... (He rereads the same sentence). The
repolarisation (recovery ofresting membrane potential) phase of the impulse in a cardiac
muscle fiber resembles repolarisation in the excitable tissues: after a delay (which is
particularly prolonged in cardiac muscle). .. voltage-gated potassium channels open ...what I
understand is that during the repolarisation phase ... the potassium channels open ...

33. I. Good, now you are telling me what you are thinking.
34. S.... and potassium ions diffuse out along their concentration gradient. At the same time, the

sodium and calcium channels are closing ... So So, now I know that during the repolarisation
phase the potassium channels are open and the uh ... and the potassium ions diffuse along the
concentration gradient... at the same time the sodium channels ... are closing, which slows and
then almost stops further inflow of these two ions. As more potassium leaves the fiber and fewer
sodium and calcium enter, the more potassium leaves the fiber and fewer sodium and calcium
enter, the negative resting membrane potential (-90mV) is restored and the muscle fiber
relaxes. I'll read the sentence again to make sure that I understand. The potassium ... uh ... leave
the fiber ... andfewer sodium and calcium enter ... The result of this is the negative resting
membrane potential is restored ... The flow of potassium ... potassium ... from the :fibers... now ... I
turn back to the diagram again to see ifit does not demonstrate it... what is here in the third phase
of the diagram ... the resting membrane potential is restored again to -90mV.

35. 1. So, you are checking whether it corresponds to the diagram?
36. S. Yes. I read further ... In muscle, the refractory period (He writes "refractory period") is the

time interval when a second contraction cannot be triggered. So... I read through ... The
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refractory period of a cardiac fiber is longer than the contraction itself (He goes to the diagram as
prompted by text and then he rereads). .. The refractory period of a cardiac fiber is longer than
the contraction itself. .. I want to see ifit is in the diagram ... Here ... yes, the refractory period is
longer. Ok. As a result, another contraction cannot begin until relaxation is well underway and
tetanus (maintained contraction) cannot occur. The advantage is apparent ifyou consider how.
the ventricles work. Their pumping function depends on alternating contraction, when they
eject blood and relaxation, when they refill. If tetanus could occur, blood flow would stop. So...

37. I. What are you thinking?
38. S. PAUSE. Now I want to know ... I have made my key notes ... but... I would say I now

understand the section.
39 I. You are satisfied that you understand it. Will you test yourself in any way?
40. S. To make sure ... Imust be able to explain the whole ... the keynotes ... Itry to explain each of

these to myself
41. I. Ok.

ANALYSIS OF PROTOCOL Al

L COGNITIVE WEAKNESSES
INPUT PHASE
1. His perception of the information at hand was blurred and sweeping. He, for instance, read the passage
without investing appropriate attention to a goal. Even when (30) he "exactly want to understand the
effect the substances have on heart beat", he immediately accepted the next phrase ("Epinephrine
increases contraction force" as the answer). Also, information in sentences 17 to 22 was skimmed over.
2. Exploration of the passage was unplanned and unsystematic. Reading was focussed on individual
sentences with no apparent need to gather information systematically and integrate it. He identified "key
words" (6-8, 16,20 and 25) without linking them by assigning a context or relationship to a particular
goal. Not clear whether they were unfamiliar words or "important facts."
3. He displayed a need to gather important (relevant?) information (e.g. 6, 20, 24, 30 and 34), but the
information remained fragmented and unintegrated. The lack of goal statement made the endeavour to
gather relevant information haphazard and he failed to clarify the concepts. For instance, in (28) he noted
that "I think time is important"; "calcium binds to troponin"; and "I just want to make sure the diagram
doesn't demonstrate it better." However, he failed to motivate this focus or to elaborate on it.
4. He identified the need to consider both text and diagram for information (e.g. 20,28,32,34 and 36).
However, the information in the text and the diagram was not integrated and he demonstrated little need
to integrate the two or use the diagram as source of additional information. In (20) this relationship was
limited to the identification of the terms "plateau" and "refractory period" which occurred in both. In (10,
18-20 and 32) he was unable to extract relevant data from the diagram. The failure to combine the two
sources of information, resulted in failure to link ionic movement, potential changes and mechanical
events.
5. He failed to process the information of sentence 3 accurately - demonstrating impairment of receptive
verbal tools. This hampered interpretation of information. E.g. "Na channels open when neighbouring
fibers are excited."
6. No evidence of perceiving the spatial and temporal relations involved. E.g. in (20 and 34) there was no
evidence of establishing the direction of ionic flow. Events such as "calcium pours out of the sarcoplasmic
reticulum within the fiber" (20), and "potassium ions diffuse out along ..." (34) were perceived in a
piecemeal fashion - unrelated to what went before or followed. He did not make use of past events
involving the electrolytes to anticipate' future implications for the membrane potential offibers or how
past events may have consequences on future events - i.e. cause and effect relationships.
7. No evidence of retrieving and using prior knowledge.
8. No evidence of identifying structure of passage or organisation of information.
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ELABORATION PHASE
9. He was aware that the diagram and text could provide supplementary information (34 and 36), but did
not know how to process the information.
10. A lack of goal formulation resulted in an inability to select relevant vs. irrelevant cues. All
information was considered equally relevant. Words and phrases were assigned importance in a
haphazard fashion (6, 16,20,25 and 28), and lack of context and goal contributed to failure to clarify
their meanings.
11. Objects and events such as electrolytes, structures of the cell, and the phases of action potential were
treated as separate and distinct entities without establishing relationships between them. There was, for
instance, no spontaneous search for a link between the buildup of sodium and calcium in cytosol and the
maintenance of depolari sati on. The actual period of depolarisation was considered more important than
the underlying cause-effect relationship. He thus failed to organise and integrate discrete units of
information into meaningful systems which were interrelated.
12. He failed to retain or use the two sources of information (diagram and text) simultaneously, or retain
information encountered earlier and mentally manipulate them in order to associate or link it with
information encountered as he progressed. No need was exhibited to use any prior knowledge, or similar
problems experienced in the past from LTM and integrate and coordinate it to resolve problems
encountered.
13. There was no spontaneous summative behaviour. Information was essentially handled as a list of
information which was treated linearly. For instance, the information in sentences 11-13 was peripheral
to the main theme, but he treated it with the same amount of attention and weight as the rest of the
information. Summation would have excluded this information or moved it to a different level of
importance.
14. He did not seek logical consistency to resolve problematic areas. E.g. in (28) he failed to resolve the
sliding mechanism of the actin and myosin filaments and (20) the "calcium pours out of the sarcoplasmic
reticulum" puzzled him but he did not pursue evidence to support or confirm the statements or
implications thereof He displayed a passive attitude and acceptance in the face of the problems he
encountered.
15. He displayed no need for planning. His reading was for the "here and now", focussing on the
immediate problems as they were encountered - frequently without resolution e.g. in (16-20) he struggled
with "the initiation of excitation" and "threshold" but there was no evidence of comprehension. In fact he
found gratification in simply writing down key words such as "Na channels" and "plateau" when he
encountered problem concepts.
16. Displayed profound impairment in elaborating cognitive categories. He had difficulty to express
himself and "think-through" his approach to tasks. For e.g. in (9,22-24,30 and 34-36), he paused in the
face of difficulty but was incapable of identifying the nature of the problem, or what he intended to do
about it. There was no resolution, and he simply proceeded reading.
17. Episodic grasp of the reading task. The latter was seen as consisting of a series of disconnected,
separate events which bore little relation to each other. He had difficulty linking events and structures of
the cell or establishing the consequences of the ionic movements on potential changes, and how the latter
affected the mechanical events in the cell. The material was not assimilated into existing schemata that he
might have had of the CVS, cellular physiology, or muscle contraction.
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OUTPUT PHASE
18. This student obviously experienced blocking output responses in his exhibiting poor motivation to
persevere and complete the task. In (36) he thus simply read through sentences 17 to 22 and decided
subsequently "now I want to know." He then immediately concluded, "I've made my key notes" (a few
key words) and decided that, "I would say now I understand the section" (38).
19. His impaired expressive verbal tools were evident in limitation to paraphrase information. One
attempt at paraphrasing (18) was inaccurate. His "beyond the text comments" were limited to using the
same words, phrases, and sentences which appeared in the passage (e.g. 20 and 34). There were a few
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prolonged pauses (e.g. 20 and 24), and several incomplete sentences (14, 20, 22, 30 and 38).

OTHER
20. No identification of text organisation.
21. No identification 'or clarification of unfamiliar terms.
22. Affective responses - cautious, passive, and limited note taking.
23. Limited verbalisation.

n. COGNITIVE STRENGTHS
24. Awareness that there were two sources of information that had to be used.
25. Some awareness of the need to reflect (34).
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INTERVIEW PROTOCOL A3

Topic: Heart valves

1 I. You can start now.
2. S. k each chamber of the heart contracts, it pushes a portion ofblood into a ventricle or out

of the heart through an artery. To prevent backflow of blood, the heart has valves. These
structures are composed of dense connective tissue covered by endocardium. Valves open and
closed in response to pressure changes as the heart contracts and relaxes: So... (He writes:
"Valves of the heart").

3. I. What did you write there?
4. S. The valves of the heart. The function, the ... and the back flow of blood.
5. I. Did you get it from the text?
6. S. Yes. (Writes three points - see his notes).
7. I. Are you summarising that paragraph?
8. S. Yes. (He scans the text silently). So, now ... I just want to find out how they prevent the back

flow of blood. If this is blood ... they open and close and this cause pressure changes. The heart
contract and relaxes. So, I'm not sure how they prevent the back flow of blood. That opening and
closing in response to pressure ... PAUSE. (He pages over and briefly scans the text).

9. I. Tell me what you're reading or looking at.
10. S. (Back to the first paragraph). Ok, I'm just going to write this down.
11. I. The last sentence?
12. S. They open and close ...
13. I. Why did you write down those three points?
14. S. Like, uh ... the importance of the valves in the heart.
15. I. Ok.
16. S. Now this is another type of valve. (pages over). This the atrioventricular valves. So, they lie

between the atria and ventricles. And the right AV valve between the right atrium and right
ventricle (pages and looks at Fig. 20.3). Ijust want to check where I can find the AV valves. So,
its between the atria and the ventricle ... Ok.

17. I. So, you're looking for the AV valve?
18. S. Yah. PAUSE.
19. I. Tell me what you're thinking. Can't you find what you're looking for?
20. S. Yah. Can't find it. This is the right atrium and the ventricle ... I can see the other valves but I

can't see the AV valve. Uh... (pages over). Ok, so the right AV valve is between the right atrium
and the right ventricle. It is also called the tricuspid valve because it consists of three cusps. So,
here we have ... looks like this AV valve is divided into more than one valve. They say the AV
valve between the right atria and the right ventricle. So, this is the right atria and this is the
right ventricle. So, this one is the tricuspid valve. (Glances at the figure). So, now ... the left AV
valve between the left atrium and the left ventricle has two cusps and is called the bicuspid
valve. So, we have a left and the left ventricle and then we have the bicuspid valve. So... so far we
have ... So, when an AVvalve is open, the pointed ends of the cusps project into the ventricle.
Tendon-Iikefibrous cords called chordae tendinea connect the pointed ends and undersurface
to papillary muscles that are located on the inner surface of the ventricles. So...

21. I. What are you thinking?
22. S. It's like I don't understand what they ... the chordae tendineae ... how they come into this valve.

So, when the AV valve is open, the pointed ends of the cusps project into the ventricle ... and the
tendon-like chords called ... the pointed ends and undersurfaces to the papillary muscles ...
(He's puzzled).

23. I. What's puzzling you?
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24. S. Like Ijust want to understand this chordae tendineae. How they are formed by this. So, now I
see it is like when this valve open, they prevent the blood from ... I mean the valve ... the function
is to prevent the back flow of blood. They do that by closing and opening. So, this is formed
when this ... the valve is open and the cusps like they are divided into two ... The tricuspid and the
bicuspid. And this cusps when they're pressured into the ventricles they form this ... this chordae
tendineae. PAUSE.

25. 1. What are you thinking?
26. S. Ok. Blood moves from the atria into the ventricles through open AV valves when ventricular

pressure is low. At this time the papillary muscles are relaxed, and the chordae tendineae are
slack. When the ventricles contract, the pressure of the blood drives the cusps upward until the
edges meet and close the opening. At the same time, the papillary muscles are also contracting,
pulling on and tightening the chordae tendineae. This prevents the valve cusps from everting
or swinging upward into the atria ... into the atria. (He writes: "AV valves"). So, AV valves
have tricuspid ... which are between the right atria and the right ventricle ... (See his notes below).

27. 1. What information is that?
28. S. It's like where they are... And then these chordae tendineae ... (see his notes) ... So, there is

something like papillary muscles but I'm not sure... .
29. 1. You are not sure about the papillary muscle?
30. S. I'm not sure ... I know they contract and relax. I think they contract when the pressure is high,

and relax when the pressure is low. The ventricular pressure. So, ok. Let me read ... Blood moves
from atria ... Ok. Chordae tendineae connect the ... ete. So, this papillary muscles are on the
inner surface of the... the inner surfaces of the ventricles ... (Writes that down). And blood
moves from ... (Writes that down) ... When ventricular pressure is low ... Which means blood can
only move from atria to ventricles when the AV valve is open and ventricular pressure is low.
Then the papillary muscle which are on the inner surface of the ventricles they are relaxed and
chordae tendineae are slack. And when the ventricles contract, the pressure of the blood drives
the cusps upwards until their edges meet, and close the opening. At the same time ... [...]. So ...
(Writes: "Blood moves from A to V" - see notes). I can't pronounce this ... (chordae tendineae).
PAUSE.

31. 1. Just call them chords.
32. S. I have now written the function of the AV valve. Like blood moves from atria to ... the

mechanism ... like the blood will only ... from the atria from here to here only when the valve are
open. And this one will slack and the muscles will relax. And then is when the pressure in the
ventricles is low. So, for ... for ... its visa versa. When the pressure is high ... Semilunar valves.
Both arteries that emerge from the heart have a valve that prevents blood from .flowing
backward into the heart. These are the semilunar valves. The pulmonary semilunar valves lie
in the opening where the pulmonary trunk leaves the right ventricle. The aortic semilunar
valve is situated at the opening between the left ventricle and the aorta. So, we have arteries
which have ... which have valves ... (pages back to Fig. 20.3). We have the pulmonary valve and
the aortic valve. So, this is the pulmonary artery and this is the ... where is the other artery ... Oh,
they say the aorta ... which means it is the largest artery in the heart. But I can't see ... the arc ... I
can't see the aorta here ...

33. 1. You're looking for the aorta?
34. S. Yes. I can't see ... the ... so it must be this aorta (thoracic) ... So, you've got this valve ... the

pulmonary semilunar valve ... in one of the arteries, and then we have the aortic semilunar valve.
These are the valves of the arteries. Both valves consist of three semilunar cups. Each cup is
attached by its convex margin to the artery wall. The free borders of the cups curve outward and
project into the opening inside the blood vessel. Like the atrioventricular valves, the semilunar
valves permit blood in one direction only: in this case, the flow is from the ventricles into the
arteries. So, both valves consist of crescent-shaped cups. The cup is attached ... (Rereads first
three sentences). Ok. (He writes: "Semilunar valve ..."). The pulmonary artery has the pulmonary
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semilunar valve. Then we have the aorta with the aortic semilunar valve. And so, they prevent
bloodflow ... they ... they ... allow the flow of blood from the ventricles to as compared to the AV
which allow blood from the arteries to the ventricles.

35. I. So, you're comparing the two.
36. S. (PAUSE). Ok.
37. I. Ok. Is that it? Do you understand it?
38. S. Yes.

39. I. Please answer these questions.
40. S. How do the heart valves contribute to the effective functioning of the heart? Ok. So, far I've

seen that they prevent the back flow of blood. So, like if the ... the blood must move from
somewhere to somewhere. So, it must move in that direction. Uh ...Like I must move in these
chambers ... mustn't go back. So, but here they say ... (Reads question again). So, that function is
only for the valves. So, I don't know what the function of the heart is. (pages over). I must check
the function of the heart. Lets see ...

41. I. What are you reading now (Reading from p.592). PAUSE.
42. S. No, I'm just looking for the function of the heart ... (He has great difficulty to determine this by

consulting the chapter). PAUSE.
43. I. I will tell you that the function of the heart is to pump blood so that it can circulate through the

body.
44. S. So, I don't know the marks ... but ifmaybe ...
45. I. You are worried about the marks to be allocated to the question? Just give me your

understanding of it.
46. S. Like the only way ... if the function of the heart is the pumping of the blood only. So, if that is

the one. The way it must pump ... it must go to atria to ventricle ... it must be in that direction. So,
that the blood does not move in any other direction.

47. I. Ok, continue.
48. S. Explain the effect removal of heart valves will have on heartfunction ... So, like if the heart

valves are removed, almost like ... the first answer ... The blood won't be ... won't move correctly ...
in the right direction ... There will be mixing of... say oxygenated and deoxygenated blood. Maybe
the blood will come from ventricles to atria ... It's supposed to move in another direction.

49. I. You say there is going to be a mixing of oxygenated and deoxygenated blood?
50. S. Yes. I mean there is nothing preventing blood from flowing in one direction. So; blood will

mix.
51. I. Ok.
52. S. Does the structure of the valves affect their function? Yes like in the ... this cups in the ... in

the ... in the ... AV valve ... the tricuspid ... this cups project into the ventricles and that... those
projections they form those chordae tendineae which in this ... flowing of blood ... they function
they will change ... those two ... like of the if the valves are open, the that muscle will slack
because the pressure is low here. And also in the semilunar valves they said something about the
cu(s)ps. Like those cups ... (pages over). Like here they say each cups is attached by its convex
margin ... the free borders of the cups curve outward ... etc. So, I think that cups is not straight or
something. It has to do with the function ...

53. I. You say it is not straight. What would happen ifit was straight?
54. S. It won't be able to close.
55. I. Ok. The next question.
56. S. How would a defective mitral valve affect heart action? Ok, the mitral is bicuspid. So, that

one is the one which is between the left and the left ventricle. So, if that one is affected, there
definitely has to do with the movement of blood. From the left atrium to the left ventricle. And, I
think the other ... in adults where is the oxygenated blood?

57. I. Oxygenated blood? It is on the left side of the heart.
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58. S. Oh. And deoxygenated on the right side. So, if that one is defective ... I don't know. (He pages
over).

59. 1. What are you looking for?
60. S. The only thing that I can get here is what is the function of it. So, that is it.
61. 1. Ok. The next question.
62. S. How will a high blood pressure in the aorta affect the valvular action? The valvular action ...

is it the valve action?
63. 1. Yes.
64. S. Ok. So, if the pressure there in the ... increase in the aorta ... it means that the ... the the ...

valves are closed. The aortic semilunar valve. The blood mustn't move from the aorta The aorta
is the one with the high blood pressure. So, it means that the blood mustn't move into the aorta.

65. 1. Into the aorta? Is that what you said?
66. S. Yes.
67. 1. Why mustn't the blood move into the aorta?
68. S. To decrease the pressure. The blood must move in there.
69. 1. So, what is going to happen to the blood?
70. S. It is going to other parts of the heart.
71. 1. Ok. Thank you.

ANALYSIS OF PROTOCOL A3

L COGNITIVE WEAKNESSES
INPUT PHASE
1. He identified the introductory four sentences as pointing to the main theme of function and back flow
of blood. His perception of the passage information was sweeping and blurred - e.g. in (20) he needed to
"find" (locate) the AV-valves and focussed on Fig 20.3 - no other figures were considered. Although he
stated in (20) that "I can't see the AV-valve", he did not pursue it and limited himself to the textual
description of the valve.
2. He formulated a goal (8) "how they prevent back flow" but his investigational strategies did not keep
him focussed to this goal- he soon focussed on the anatomical features of the valves. The information
gathered was thus not ordered and systematised for conceptualisation of the main theme formulated in
(8).
3. He had limited verbal tools to describe the objects and events. This was evident in "this AV valve is
divided into more than one valve"; sentences 9 and 10 especially were regularly (22,30 and 20) repeated
verbatim; paraphrasing was inaccurate (32); the notes he made were taken directly from the text; he was
unable to pronounce words correctly (30); and was incapable of using appropriate labels - instead he
frequently gestured and used the word "this" (22-24).
4. Experienced difficulty in perceiving the spatial arrangements and the relationships between pressure
changes and changes in structural elements of the valves.
5. Data gathering was imprecise and inaccurate although he set subgoals such as "to understand this
chordae tendineae" (24). Lacked skills to select the relevant data and draw on his own prior information.
The result was profound confusion as evidenced in (24) and the superficial treatment of information (30).
This left him focussing on structure and not on function.
6. He used two sources of information, but the use and interpretation of the diagrams was haphazard!
unsystematic and he did not exhibit a need to consult all the available diagrams. He forced himself to rely
heavily on the text description of the structural features. This limited visualisation of the mechanical
events.
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ELABORATION PHASE
7. Failed to detect the disequilibrium in his endeavour to determine how back flow of blood was
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prevented. Attempts at gathering relevant data failed since he (from 16 onwards) became distracted by
anatomical descriptions and was unable to construct relationships between the structural and mechanical
events.
8. His ability to select and stay with information relevant to the main goal was impaired.
9. Failed to compare AV with semilunar valves. No spontaneous search for similarities or differences-
the valves were viewed separately.
10. Mental field was narrow and limited in that information was not integrated - i.e. each valve was
processed in terms of structure and direction of blood flow. The mechanism of contraction was processed
superficially and inaccurately (24). No reference was made to prior information in order to make the text
information more meaningful.
11. Concern was on the micro-level. He focussed on sentences and propositions and failed to summarise
and draw conclusions from his efforts. E.g. in (30) there were a series of disjointed observations: "the
ventricular pressure", "blood moves", "chordae tendineae connect", etc. His conclusion was jotted down
as "Blood moves ...."
12. He was frequently puzzled when he encountered a problem e.g. (20,22 and 24) but did not instigate
an active search for a solution. Lacked a need for logical evidence (24, 30 and 32).
13. He did not pursue a particular goal and thus did have not a plan to achieve the goal.
14. He remained with concrete tasks of the identifying structural elements rather than attempting to
comprehend abstract aspect of pressure changes and the resultant valve and heart action.
15. Failed to link information. He experienced difficulties in concept formation, abstract reasoning and
integration of new material.

OUTPUT PHASE
16. He displayed pronounced difficulties in communicating his responses. The answers to the structured
questions were especially unclear and vague. This was not unexpected since at the end of his reading he
admitted not knowing what the function of the heart was (40).
17. He demonstrated an inaccurate perception of one of the basic concepts of heart function in conveying
that heart valves prevent the mixing of deoxygenated and oxygenated blood.
18. Contradictory statements were made (e.g. 64) without any awareness of these contradictions.
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NOTES OF SUBJECT A3
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INTERVIEW PROTOCOL A4

Topic: Chapter on the heart and passage on cardiac contraction

1. 1. Can you explain to me how you would go about to study a chapter such as this one?
2. S. I will usually look at the outline, the objectives. My study is that I read through and look at the

objectives. Each of the objectives, I will study according to the objectives.
3. 1. So, you do that starting on the first page and reading through?
4. S. Yes, I will study every section with the objective (in mind).
5. 1. You will study in sequence.
6. S. I usually just read through all of the headings. Then compare it with what we did in class.
7. 1. Why would you do that?
8. S. So, that I will probably work with the sequence of the lectures ... and to lead to understanding

it.
9. 1. How would you decide which parts are more important?
10. S. Uh ... usually I will refer to what has been stressed out in class.lfit is important, then I will

use that. Not that I'm overlooking the other parts. Basically I'm making sure that I understand
that part.

11. 1. Are there any parts that you would leave out?
12. S. No. I will always think the notes from the class will help me go through the text... but that

does not always work. So, I had to work from the text book.
13. 1. So, previously you relied on your notes, you found out that it didn't work for you. So, currently

you study mainly from the text book.
14. S. Yes, and it did help me a lot. Probably I'm not balancing.
15. 1. What do you mean by that?
16. S. Meaning I did not consult the text book. Making reference from the notes on what is

important.
17. 1. How do you think, what is more important in a chapter like this?
18. S. I must know ... it involves the heart which actually pumps the blood from the body ... How

does it do that... it has vessels ... meaning arteries and veins ... and ... PAUSE.
19. 1. Is there anything in the text book that is going to point out to you what is important and what

is not?
20. S. I do not know how to answer that. But going through the book, uh ... and also referring back

to the objectives, then at least I get a direction.
21. 1. So, you pick it up as you go along? Now, will you please read this passage for understanding

as I've explained it to you?
22. S. The impulse initiated by the SA node travels along the conduction system and spreads out

to excite the "working" atrial and ventricular muscle fibers which are called contractile fibers.
The contractile fibers have a resting membrane potential close to -90mV. When they are
brought to threshold by excitation in neighbouring fibers, certain sodium ion channels open
very rapidly; these are called voltage-gated fast channels. I will note that because it is not
familiar to me (referring to "voltage-gated fast channels"). This increase in membrane
permeability allows an inflow of sodium down its concentration gradient and produces a rapid
depolarisation. During the next phase, called the plateau, voltage-gated slow calcium
channels open, allowing calcium ions to enter the cytosol. I'm going to note this down ...

23. 1. What are you going to note?
24. S. This during the next phase ... where they say calcium enters the cytosol. I'm writing it down

because I'm thinking of a particular part of the cell where the calcium is actually operating.
25. 1. Which part is that?
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26. S. The cytosol. Some calcium passes through the sarcolemma (plasma membrane) from the
extracellular .fluid (which has a higher calcium concentration) ... I'm going to note that again ...
in the extracellular fluid ... there is a high concentration of Ca... (Writes) ... Uh ... while the calcium
pours out of the sarcoplasmic reticulum within thefiber. That means part of this high
concentration of this calcium, flows out to the plasma membrane ... part of the sarcolemma
(Writes: "pours out of the sarcolemma"). Uh ... within the fiber ... The combined buildup of
sodium and calcium in the cytosol maintains the depolarisationfor about .25sec (250msec).
This happens ... Ican note that this happens in a very short period of time ... By comparison,
depolarisation in a neuron or skeletal muscle fiber lasts about 1msec. I actually note that the
time that they talked about sodium ions it actually reflected back to the nervous system ... or
neurology ... where we actually were it was discussed that the action potential, how it happens
and how depolarisation goes on uh ... when the influx ofsodium ions in the membrane. That's
causing depolarisation, and repolarisation is when they are taken out of the membrane.

27. I. Are you now thinking of neurology which you have done previously? (She nods).
28. S. Now they are actually comparing ... here my understanding will be that they are comparing

this depolarisation in the neuron with that one of skeletal muscle. Comparing it to this one
because here they give the time is takes to happen and comparing it with the time which is
.25sec, and the influx of depolarisation, takes place in one msec. What is actually happening in
the neuron or the muscle fiber. The next steps are similar in skeletal and cardiac muscle fibers.
So, my understanding to this is that they are going to outline that this is similar beside that their
times are different. Calcium binds to troponin, which allows the actin and myosin filaments to
begin sliding past one another, and tension starts to develop. This was actually mentioned in
the muscle physiology where the troponin and the myosin filament actually discussed and ... the ...
it was during the contraction of muscles where they are explaining the sliding filament Ido not
remember very well ... where the interaction of the filaments are discussed ... Either they are
distant from each other or close. That means comparing relaxation and contraction. So, it brings
back something which Iwill always refer to remind myself

29. I. Ok.
30. S. Substances that alter the movement of calciumthrough slow calcium channel... So, here it is

mentioned ... At first it didn't make sense ... what this "slow" is all about. But now Iunderstand
one thing - it means it is slow calcium channels. So, Isaw it and just tried to know what they are
talking about. So, here they actually mentioning that the channel is called a slow calcium channel.
That channel influence strength of heart contraction. Uh ...

31. I. What are you thinking?
32. S. I'm thinking ... that... think Ishould go back and look for what they mentioned about the

slow ... or how it might help me to understanding how it actually strengthen or how influence this
actual contraction. So, Igo back again to where Isaw it before ... There they are actually saying
(The second paragraph) ... during the next phase ...meaning after rapid depolarisation ... uh ... of
sodium ions ... uh ... during the next phase called the plateau ...meaning the coming phase that I
should be reading through now ... and it will actually explaining that plateau this voltage-gate
slow calcium channels open ... So... at the beginning of this phase ... the plateau ... the slow
calcium channels open ... meaning they open ... I'm thinking I'm going to note that (Writes: "Slow
calcium channels open - plateau ..."). So, when it opens ... they say allowing calcium ions to
enter this cytosol. That is actually the part that Imeant and notes the part where the calcium
ions are involved in ... in the cytosol. (pointing to her earlier notes on cell calcium and cytosol).
So, the opening of this slow calcium channels allow the flow in the cytosol (Writes). Now I
understood ... I'm thinking Iwill go through it again.

33. I. Ok.
34. S. Calcium pass through the sarcolemma ... Here it is mentioned that part of the calcium passes

through sarcolemma that is the plasma membrane ... And from the extracellular fluid. Ok. So, it
comes from the extracellular fluid. (Writes: "Meaning this calcium is coming from ... ") the ... the
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book (consults it) and I'm thinking the extracellular fluid I will also want to refer back for this
part when I understand ... what do I understand ... what I understand about the extracellular fluid,
and what ions are involved there. Because I have already mentioned where the other part goes.
Just above that... it pours out of the sarcolemma reticulum. (Wrote that earlier). Now from there I
will continue ... from where I left understanding the part of the slow calcium channels. That is, I'll
repeat the sentence again (sentence 11). So having ... what is happening ... I'm getting confused ...

35. I. What is worrying you there?
36. S. They are talking of substances, and I'm thinking I should find out what these substances are.

Or they mentioned earlier that uh ... troponin which allows actin and myosin filaments to begin
pass one another and tension starts to develop. Uh ... here I'll assume that if they talk of this
tension ... meaning the crossing of each other of this myosin filament, that's where contraction ...
the heart contraction begins. I'm thinking the substances are referred to those filaments. Those are
the ones which influence heart contraction. This Epinephrine for example (Writes) ... this is part
of endocrinology ... and I'll refer back again to remind myself of probably of the function (Reads:
"Epinephrine ... " etc.). But basically here ... it's been mentioned. That means uh ... they're actually
explaining what it does ... meaning they say it increases. So, ru take it as a function of this part.
What I'm going to write is the function it does.

37. I. The function of Epinephrine?
38. S. Yes. Epinephrine ... they say it increases contraction force by enhancing calcium inflow. So,

that's what I note. (Writes: "It enhances ..."). It increase the inflow of calcium ions ... no ... no ... I'm
thinking I misunderstand it... I'm thinking I misread this sentence ... For example ... Oh, it increase
contraction which was ... it that was heart contraction. It increases contraction ... that is heart
contraction ... by enhancing calcium inflow ... meaning that if! take this as the opposite part ...
meaning if there is no inflow of .. I mean no increase ... uh ... of contraction that means that there
is now enhancement of the inflow of calcium ions. Or I can say, maybe the calcium is not at all
probably flowing in. Either it flows in small concentrations or it doesn't at all. Now I'll continue.
Certain drugs are called ... etc. So, what I was explaining now was that this can be something
like reversible or, if there is no increase in heart contraction that means there is no inflow of
calcium ions. And the book further explains that this can ... this can be happening so that drugs
like Verapamil (Writes: "Verapamil") ... they further explains that it reduces the inflow of calcium.
Others actually block the channels ... meaning that it blocks the inflow in a way. And then ... going
back to the text. I'm thinking I will read again of these drugs ... (she reads sentence 13). Now I'm
mentioning the heart beating ... its strength. Probably related to the contraction because my last
ending that when uh ... heart muscle or ventricular muscle contract, there is closing of the valve
which causes the heart sound ... and that... basically calcium ... and the influence of these drugs
reduces that heart beat strength ... meaning it will probably be lower that the normal heart beat.

39. I. Ok. You're writing ...
40. S. Strength is reduced (due) to the blockage of calcium ions ... Uh ... this ... Ok, ru continue. The

repolarisation that is recovery of resting membrane potential phase of the impulse in a cardiac
muscle fiber resembles repolarisation in the excitable tissues. After a delay (which is
particularly prolonged in cardiac muscle), voltage-gated potassium channels open, and
potassium ion diffuse out along their concentration gradient. Uh ... the understanding of the
exchange of ions through the membrane was mentioned in neurology and also ... No that was
mentioned in neurology and it was basically around ... either excitation or if the stimulus is
applied to the nerve, then these channels actually influence their reaction. That's ... the reaction
that if somebody feels a pain, then or if pressure is applied, then how do the channels open or
when stimuli or ions actually .., Now if there is an influx that means there is repolarisation,
meaning a reaction is stronger. And then relaxation that is repolarisation ... then there is a outflow
of sodium ions and inflow of potassium ions. So, here they actually explain about the potassium
ions which is of course related as they mentions to the ... tissues. Actually related to the tissues.

41. I. What is related to the tissue?
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42. S. The exchange of channels ... meaning repolarisation. Now particularly to ... it was mentioned in
the muscles and the other tissues which repolarisation can take part. I'll repeat again that...
Repolarisation that is recovery of resting membrane potential state, of the impulse in the
cardiac muscle fiber, some resembles repolarisation in other excitable tissue. The resting
membrane potential take place in other tissues. And after a delay which is particularly
prolonged in cardiac muscle. Oh, in cardiac muscle they say it is actually prolonged, meaning a
repolarisation ... the voltage gated potassium channels open and potassium ions diffuse out
along with the concentration gradient. At the same time, the sodium ions and calcium channels
are closing ... I want to go back again because I want to understand ifit is flowing in or ifit is
flowing out. So, the voltage gated channels ... etc. So, I got the answer I was confused on ...
diffuse out along their concentration gradient. I know that the membrane are channels or gate for
potassium ions and sodium ions. When sodium ions ... channels or gates are open that means the
potassium ions are closed. So, that the influx or the influx or out... if they are channelled out that
means they ... the sodium ions if they are channelled in or out, then only the channels for sodium
open ... and when there is a influx or channelling out of potassium ions then there are yah ...
channels open. Now here, because, it was mentioned of calcium that means there was an influx of
calcium and the incoming of sodium ions. That was during depolarisation. So, the gate or the
channels were open for them to enter and now that is closing the gates for potassium ions open
and this flow out because there is more of sodium inside. So, this gives place to sodium and
calcium. Then ru continue ... which slows and then almost stops further inflow of these two ions.
So, ifit... inflowing will stop the sodium ion and calcium. ru continue ... as more potassium
leaves the fiber and fewer sodium and calcium enter ... that is ions ... the more potassium leaves
the fiber and fewer sodium and calcium enter, the negative resting membrane potential (-
90mJ1 is restored and the muscle fiber relaxes. So, this basically explains the relaxation of the
muscle fibers. The resting membrane potential of -90mV. In muscle, the refractory period is the
time interval when a second contraction cannot be triggered. So, here they are explain about
the refractory period. Uh ... and I think I'm going to note that down ... (Writes: "refractory
period ..." etc.). Explain to myself this sentence, I would think that the explanation would be that
there is that period before the second contraction which is probably a resting period ... because as
it is says here ... it is that time period when a second contraction cannot be triggered. Meaning
that it has to rest... and then probably restart again meaning contraction can take place ... but there
has to be that refractory period. So, how then ... ru read further ... The refractory period of a
cardiac fiber is longer than the contraction itself. So, that is explain how the refractory period
takes place. As a result, another contraction cannot begin until relaxation is well under way
and tetanus (maintained contraction) cannot occur. This I remember from the practical, we ...
the time were dealing with muscle physiology in the practical. There was some mention of
tetanus and all those curves which identify how contraction take place with other ... other
factors ... temperature ... or if there is any muscle fatigue ... how is the muscle to respond or
something like that. And then ... the advantage is apparent if you consider how the ventricles
work. Their pumping function depends on alternating contraction, when they eject blood and
relaxation, when they refill.lftetanus could occur, bloodflow would stop. I think I will go
through it again. (Repeats last two sentences). I'm thinking I don't understand this part.

43. 1. Which part?
44. S. These (last two sentences). They are pumping ... meaning I have to find out what they are

talking about. Meaning the ventricles here because they are the ones which are mentioned lastly ...
I'll instead of saying they are, I will actually mention the ventricles ... to see if I'll understand that...
the sentence. When ventriclespump ... I want to try to put it in a way in which I will understand ...
The ventricular function depends on alternating contractions ...

45. 1. What is worrying you?
46. S. What is worrying to me ... is that I'm coming to picture the heart ... the time were doing the

contraction of the ventricles and how the pump out blood ... I mean the entry of the blood ... what
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happens ... and that is what's coming to my mind and disturbing my understanding of this. But
what I'm thinking of now is ... the picture in my mind is that one day ... when the blood enters the
heart it is said that 70% just through and then the ventricular muscle closes ... if! understand it
very well ... no, no, not the muscles, the bicuspid valves closes and then there's going to be
contraction meaning there is more pressure uh ... to pump out.

47. 1. So, you're trying to relate the pumping action to what they're talking about here.
48. S. Because what they're saying is that... the pumpingfunction depends on alternating

contraction ... when they eject blood. Meaning this contraction ... they just alternate and there is
the pumping of the blood. And relaxation when they re:fill.So, this relaxation is when they ... that
means that... what is coming into my mind is that I'm trying to put in pressure ... how do I relate it
to relaxation and contraction. In particular of the inflow and outflow of blood. I'm thinking it
slipped my mind ... what I say is I'm little confused because I'm putting in many ideas in trying
got relate it... it would seem that it doesn't relate in a way ... because what basically the talk about
is, the inflow and outflow of ions when there is contraction ... that mean depolarisation and
relaxation ... repolarisation. I thinking something is coming in. So, this ... contraction I can relate
to now I think ... This contraction I can relate to depolarisation meaning that probably there was
an influx of sodium and calcium ions ... and relaxation is the opening ... the channel opening of
potassium ions. So, in realising this the inflow and outflow of blood. If blood is ejected ... that is
taken out of the ventricles and there is contraction .. meaning it to sodium ... there is a influx of
sodium and potassium ions and the relaxation open up for the re:fillagain. The blood enter the
ventricle and opens up a channel for potassium ions to enter. So, if tetanus could occur, blood
flow will stop. What comes to mind is that I think I should recall what tetanus is. It... I imagining
the curves of tetanus ... where there was low relaxation ... there was a continuous contraction until
you get relaxation.

49. I. Ok. Would you say that you have an understanding of the topic now? (He nods affirmative).

50. 1. Will you please answer these questions?
51. S. Of what importance are the electrical impulses to heart function? What came into my mind

now is that when I saw electrical impulse, I came back to the :figure that I had in mind of
depolarisation and repolarisation of the neurology ... where the contraction was due to influx of
sodium ions and here we related that to calcium ions. Which is also important to muscle
physiology where it is in muscle physiology ... the myosin filaments sliding and enhancing
contraction ... and relating it to this question is understanding is that contraction of the heart ... can
be influenced by the electrical impulses. Even the heart pumps its own blood or contracts on its
own. But it has part of its ... from the neural part ... meaning the SA node which actually ... So...

52. 1. You can go on.
53. S. How do electrolyte movement in cardiac tissue relate to the mechanical response of the

heart. (She repeats the question). Ok. My understanding to the question is that now it is
mentioned about the cardiac tissue and the time I was reading here, they were mentioning
something about the tissue ... Can I go back?

54. 1. Yes.
55. S. That the repolarisation ... in the cardiac muscle :fiber... So, they are related ... uh ... so there

won't be much of a difference in the electrolyte movement. When there is influx of sodium ions
together with calcium ions that means the channels open and allowing it to enter... potassium ion
channels close until there is enough sodium and calcium. When its enough then the potassium
ions are allowed to move out. Meaning that there is an opening of potassium channels to allow
the potassium ions to move out of the membrane ... or the cell tissue. That is basically explaining
depolarisation. That is how I will say it responds to the heart.

56. 1. Ok.
57. S. Is there any reason why the depolarisation phase of ventricular fibers are much longer that

the repolarisation phase. (Repeats the question hesitantly). So, here basically outline the
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depolarisation and repolarisation which I already mentioned was it is an influx ... but the question
wants to know if there is any reason for depolarisation to prolong than repolarisation. I'm
thinking now of depolarisation and repolarisation and how it take longer than repol...
depolarisation is happening during contraction ... what I'm thinking is again the inflow of blood
through the heart and the outflow ... meaning that when there is an inflow then ... I'm trying to
relate it to this again ... I'm disturbing myself ..

58. 1. You want to think about the contraction of the heart?
59. S. Yes. And the inflow of blood also when the blood enters, there is a closing and then the

valves ... and then the outflow again opening óf the valves. Imight tend to say I'm agreeing with
this question because uh ... uh ... the heart can't relax for a longer time ... probably might take a
shorter time even ... rm thinking of the beat ... it don't go lubb-dupp ...

60. 1. It is not the same length?
61. S. Yes. So, it goes ... lubb-dupp ... lubb-dupp ... lubb-dupp ... meaning in there is a lubb-dupp

sound is longer because it is stilllubb-dupp. And then the relaxing time between the sounds ... are
longer.

62. 1. Are you saying that the period between two successive sounds are longer?
63. S. Yes. I'm thinking of that ... but now ... even though repolarisation remains relaxation ...

meaning ... I don't know if it will refer to the lubb sound. '
64. 1. Ok. You can continue.
65. S. Why is it impossible for the heart to go into spasm and why is it important? Oh. The word ...
66. 1. Which word?
67. S. The spasm ...
68. 1. Why does it worry you?
69. S. Because Idon't remember what it means. Isaw it before ... but I don't know.
70. 1. I will explain it to you. Spasm means that the muscle goes into sustained contraction.
71. S. So ... like can I refer this question back to you?
72. 1. Yes.
73. S. Uh ... in relating to the types you know, which best describe this?
74. 1. Well this is actually tetanus?
75. S. Ok, I'll read the question again (does that.) Ok, I say this is important because if that can be .

if the spasm can be prolonged, that means there might be a problem of.. uh ... of inflow outflow .
you know ... that relation of the blood in the heart. And I think there is ... if you take the last part .
which is saying ... "When ventricles pump ..." the contraction is taking place when the blood is
ejected and relaxation when it refills ... and if tetanus could occur, blood flow would stop. So, that
means basically that if there is tetanus that blood flow would stop. And probably will then
experience uh ... the pumping of the heart.

76. 1. Now why is that impossible in the heart?
77. S. Because of the heart has to return the oxygenated blood in the body and ... also, take out the

carbon dioxide ...
78. I. That may be the reason why it is important, but why is it impossible. What is the underlying

cause of it?
79. S. Why can't it... If the heart can stop ... Imean PAUSE ... (She has great difficulty to come up

with a suitable answer).
80. 1. Ok. You can continue.
81. S. What do you understand by a resting membrane potential of -90mV? Ok. Ok. What I

understand is (rereads the question). Let me go to the book. Here Iwill question this. Here they
say ... -90mV they are referring to the general thing meaning that it doesn't matter ... Here the
resting membrane potential of -90 means a restoration of muscle fiber relaxation. That is what I
will say.

82. 1. Ok. That is fine.
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ANALYSIS OF PROTOCOL A4

L COGNITIVE WEAKNESSES
INPUT PHASE
1. She failed to identify the main theme and with the onset of her reading immediately focussed on
individual objects and events.
2. Although she focussed attention on unfamiliar terms and phrases e.g. (30, 22, 36 and 38), she did not
perceive them within a particular context or related them to a specific goal.
3. Impairment of her language tools were evident as she struggled to interpret directive terms - necessary
to understand specific directions and relationships. This was also, evident in the inaccurate comment in
(42) - "the membrane are channels"; "potassium ions are closed"; and "this gives place to sodium and
calcium."
4. There was no spontaneous attempt to establish the physical location of the ionic species. Their location
in time and space was perceived passively and her labels to explain positions were in terms of whether
they're "in" or "out." This impairment was also evident in her elaboration.
5. She failed to perceive the continuity of the progression of events. The events involving individual ionic
movements were perceived in a piecemeal fashion - separate and mainly unrelated.
6. The written text dominated as source of information - she displayed no need to consult the figure even
when she had difficulty to relate, for instance, ionic movements to membrane potential changes (26, 32
and 42), or relating ionic flow to contraction strength (30 and 38), or even when the text referred to the
figure. She readily activated prior knowledge when needed (26, 36, 40, 42 and 46), but failed to use it as
an additional source of information and integrate it with the new information.

ELABORATION PHASE
7. She was aware, throughout her reading, of the need to supplement the information in the written text.
However, she failed to access relevant information from the diagram or from prior knowledge to achieve
resolution of her comprehension difficulties.
8. She failed to coordinate the "pieces" of information in order to construct a broader representation. That
is, instead of constructing a representation of cause and effect, between the ionic movements and the
contraction waves of the heart, which is mediated by membrane potential changes, she maintained a
narrow view of the ionic components and the membrane channels involved.
9. Her attempts at summarising were limited to inaccurate paraphrasing (e.g. 32,42 and 48). In a similar
fashion, her conclusions drawn were persistently inaccurate. E.g. in (26), after reading sentence 6, she
concluded: "That means that part of this high calcium flows out to the plasma membrane." She also
incorrectly interpreted (38) sentence 12 meant "if there is no inflow of... Imean no increase ... uh ... of
contraction that means that there is now enhancement of the inflow of calcium ions" (38).
1O. She vocalised adequately as she "thought-through" her reading task, but her reasoning and associated
verbalisations were incoherent, haphazard and confusing (e.g. 38,40,42,46 and 48). Her inadequate
elaborative verbal tools were especially evident in verbalisations such as: "I'm thinking the substances are
referred to those filaments" (36); "it actually reflected back to the nervous system" (28); and "meaning if!
take this as the opposite part" (38). Her impaired verbal tools were further especially evident in the
manner in which she used directional terms to elaborate the information: "inflow of calcium"(38);
"outflow of sodium and inflow of potassium (40); "flowing in ... flowing out", "influx of calcium", "the
incoming of sodium ions", "influx or channeling out of potassium membrane", "they are taken out of the
membrane", and "inflowing will stop the sodium ions in calcium" (26). Her deficient lexical and semantic
proficiency was also reflected in: "depolarization to prolong than repolarisation" (57); "that relation of the
blood in the heart" (75); and "the general thing" (81).
11. The concrete dimension of events was the main focus of her attention, with limitations in abstract
thinking such as interpretation, predictions and inferencing.
12. Her elaboration efforts were episodic and lacked goal orientation. She focussed in a haphazard
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fashion on various aspects. E.g. in (36) she attempted to link the crossing of filaments with heart
contraction. She then immediately connected Epinephrine to endocrinology, followed by ascribing an
undefined "function" to an undefined "part".

OUTPUT PHASE
13. Her output responses, although well motivated, were mainly by trial-and-error. She did not exhibit
the need to impose order or attempted to define or summarise her responses.
14. She failed to interpret the questions correctly and communicated her response with appropriate
attention linking it to the questions (51, 57 and 81).
15. Her ability to intemalise concepts were impaired - evident in her failure to verbalise accurately. Her
formulation of concepts was unclear e.g. "They are referring to the general thinking - meaning that it
doesn't matter" (81). The conveyance of information and responses to questions were also incoherent (51,
57,61, 77 and 81), and facts and details were often omitted and distorted (e.g. 28, 38, 61, 55 and 81).

n. COGNITIVE STRENGTHS
16. She recognised and attended to unfamiliar words and phrases (30,22,36 and 38).
17. She persevered even though the task was difficult and unfamiliar at times (42 and 34).
18. She readily identified familiar terms and concepts she encountered previously (28, 36,40,47 and 42).
Although she considered these, she failed to make effective connections between old and new information.
19. She experienced a need to reason and at times even inferred meanings when information was
considered to be inadequate.
20. Responses to questions were mainly recalled from previous knowledge. Thus, since she did not
achieve conceptual understanding by reading this passage she broadened her mental field to draw upon
prior knowledge.
21. She might have been aware of the need to employ various comprehension fostering as well as
comprehension monitoring strategies, but lacked knowledge to execute such strategies.
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NOTES OF SUBJECT A4
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INTERVIEW PROTOCOL A5

Topic: Cardiac contraction

1. 1. How would you go about to study this chapter? You have attended the classes and now tell me
how you will go about studying it.

2. S. Oh ... firstly, I will just have to look at ... whatever objectives have been put here in front...
what we have to know at the end ... what we have to study ... and just study like ... (She pages
through the book) ... and try to link whatever topic comes to whatever...

3. 1. To whatever...?
4. S. To whatever I've studied before ... like the first topic ... whatever comes after that.
5. I. So you will just start from the first page and work through to the back?
6. S. Yes, I always work like that when I study.
7. I. Ok. So you go through the entire chapter like that.
8. S. Yes. So when I reach the end of the topic ... the end of the chapter, I usually do the review

questions. Especially when I am studying for a test. Maybe I don't understand some of the
questions ... I will go back ...

9. I. Ifyou look at all of these topics, how do you decide what of these are important?
10. S. (She is undecided). Like we will first get the lectures ... and sometimes the lecturer she

highlights whatever is more important. So I stick to that. And if maybe she didn't highlight
anything, I just read and study everything in the text book.

11. I. So the text book is very important to you?
12. S. Yes.
13. I. Will you please read this passage for understanding as I've explained to you?
14. S. The impulse initiated by the SA node travels along the conduction system and spreads out

to excite the working atrial and ventricular muscle fibers which are called contractile fibers.
I'm like thinking of the muscle ... that chapter of muscle ...

15. 1. What are you thinking?
16. S. I'm thinking of that chapter on muscle and like this thing of conducting ... uh ... of impulse

conduction. We did it and I'm like linking with how ... I am just going to look at it... if the same
thing happens with muscle fiber involved. (She reads again). The contractile fibers have a
resting membrane potential close to -90mV ... This is the same value that we have ... with muscle
(referring to knowledge of muscle physiology). When they are brought to threshold by excitation
in neighbouringfibers, certain sodium ion channels open very rapidly; these are called
voltage-gatedfast sodium channels. This increase in membrane permeability allows an inflow
of sodium down its concentration gradient and produces a rapid depolarisation. I'm thinking
like what depolarisation means ... and I'm thinking that whatever it means the membrane potential
is decreasing through -90mV ... to what the minus ... plus 30mV as we studied in muscle. During
the next phase, called the plateau, voltage-gated slow calcium channels open ... I'm trying to
picture what plateau means it means that something has been going up, and now it is kind of
reaching a level. So, this, uh this ... this depolarisation is sort of reaching a stage where it is kind
oflevelling out. Allowing calcium ions to enter the cytosol. Some calcium passes through the
sarcolemma (plasma membrane) from the extracellular fluid, which has a higher calcium
concentration, while the calcium pours out of the sarcoplasmic reticulum within the fiber. The
combined buildup of sodium and calcium in the cytosol maintains the depolarisation for about
-0.25 sec. (She seems puzzled).

17. I. What is puzzling you now?
18. S. I'm just trying to understand what it means like ... analyse it. (She rereads). The combined

buildup of sodium and calcium in the cytosol maintains the depolarisation for about -0.25 sec.
I'm now thinking they are both sodium and ... they are both positive and ...... I thought the other
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one was moving in and the other was moving out!
19. I. Which one is moving in?
20. S. Sodium is moving in ... sodium is moving out! Oh goodness!
21. I. Just speak what comes to mind?
22. S. I'm confused now. Ithought sodium was moving in ... (She scans the sentence - "the

combined ..." again).
23. I. Does that sentence worry you?
24. S. Yes. Idon't understand what it means ... like... how do these come to here? (She points to Na+

and Ca2+). This depolarisation of the membrane. What Iunderstand is it stays depolarised for
0.25sec ... before it start repolarisation ... but this sodium and the calcium ... I'm not sure how it
links with each other.

25. I. You are now going back to the previous sentence?
26. S. I'm going back to the previous sentence which says ... Some calcium passes through the

sarcolemma from the extracellular fluid, which has a higher calcium concentration, while the
calcium pours out of the sarcoplasmic reticulum within the fiber. So, calcium is moving in...
and ... or and also sodium is moving in.

27. I. What are you thinking?
28. S. I'm just thinking that if sodium and calcium are moving in, what is moving out in exchange ...

out of the membrane ... I'm just going to pass that... By comparison, depolarisation in a neuron
or skeletal muscle fiber lasts about 1msec. The next steps are similar in skeletal and cardiac
muscle fibers. Calcium binds to troponin, which allows the actin and myosin filaments to begin
sliding past one another, and tension starts to develop. (She circles "troponin").

29. I. Why do you do that?
30. S. I'm just thinking there must be uh ... it must be some kind of carrier ... carrier molecule which

carries this calcium to ... inside the muscle fibers. Substances that alter the movement of calcium
through slow calcium channels ... substances that alter the movement of calcium through slow
calcium channels influence the strength of the heartbeat. (Note the use of channels instead of
channel blockers, and upon repeating she omits the rest of the sentence: blockers, such as
Verapamil, reduce calcium inflow and diminish ...). Epinephrine,for example, increase
contraction force by enhancing calcium inflow. So. Epinephrine must become kind of stimulator
or something. Certain drugs appropriately called calcium channel blockers, such as
Verapamil, reduce calcium inflow and diminish the strength of the heart beat. So these drugs
then ... I'm thinking they should ... they are probably acting like this troponin does the ... take the
place of troponin and calcium binds to them ... instead of troponin maybe ... That's how they block
it.

31. I. You say the drugs take in the place of troponin.
32. S. Yes. Ok. That is how Ithink they block this muscle contraction. They probably act as

troponin and calcium binds to them instead oftroponin and then it blocks the whole process of
contraction. The repolarisation that means the recovery ofresting membrane potential phase
of the impulse in a cardiac muscle fiber resembles repolarisation in the excitable tissues: after
a delay which is particularly prolonged in cardiac muscle, voltage-gated potassium channels
open, and potassium ion diffuse out along their concentration gradient. I'm going to repeat the
sentence again. (She reads it again). So it means that they are diffusing from the membrane
outside ... they ... where they are less ... yah ... along their concentration gradient... where they are
less ...

33. I. Where did you get that information?
34. S. Yes, if something is flowing along its concentration gradient, it is probably flowing from

where it is high to where it is low. (She resumes reading). At the same time, the sodium and
calcium channels are closing, which slows and then almost stops further inflow of these two
ions. As more potassium leaves the fiber and fewersodium and calcium enter, the negative
resting membrane potential (-90mV) is restored and the muscle fiber relaxes. In muscle, the
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refractory period is the time interval when a second contraction cannot be triggered. The
refractory period of a cardiac fiber is longer than the contraction itself. Cardiac fiber... I am
just thinking ... is that which is associated with the heart. If they're saying that the refractory
period is longer than the contraction period ... I'm just thinking why ... and it is probably because
it... the heart has to kind ofto rest... you know ... for more effective contractions and for more
effective pumping of the blood. As a result, another contraction cannot begin until relaxation is
well underway ... Tetanus ... oh ... underway ... and tetanus cannot occur. Tetanus is maintained
contraction. I'm just thinking that iL if this refractory period of the cardiac muscle was not long
enough ... it would probably ... the heart will probably contract while the other contraction is not
yet over. So it would kind of produce something like ... (She gestures with her hands).

35. I. Fibrillation?
36. S. Yes. Fibrillation. Yes, many incomplete contractions. Yes. The advantage is apparent if you

consider how the ventricles work. Their pumping function depends on alternating contraction,
when they eject blood and relaxation, when they refill ... when they eject blood and relaxation,
when they refill. (She rereads). If tetanus could occur, bloodflow would stop.

37. 1. Do you think that you understand this?
38. S. I would have to go through it again. (She starts at the beginning and read the first two

paragraphs again). So the other one is 0.25msec ... This skeletal muscle fibers are Imsec ... which
means that in the cardiac muscle there is a bit... shorter ... than skeletal or neuronal muscles. The
next steps are similar in skeletal and cardiac muscle fibers. Calcium binds to troponin, which
allows the actin and myosin filaments to begin sliding pas t one another, and tension s tarts to
develop. It means that troponin and this actin slides pass one another like that (She gestures with
hands) ... the muscle is contracting ... it is getting shorter ... building up tension ... Substances that
alter the movement of calcium through slow calcium channel blockers, such as Verapamil,
reduce calcium inflow and diminish the strength of the heartbeat. Epinephrine increases
contraction by enhancing calcium inflow. Uh ... Certain drugs ... The repolarisation (recovery of
resting membrane potential) phase of the impulse in a cardiac muscle fiber resembles
repolarisation in the excitable tissues: after a delay (which is particularly prolonged in
cardiac muscle). Voltage-gated potassium channels open, and potassium ion diffuse out along
their concentration gradient. At the same time, the sodium and calcium channels are closing,
which slows and then almost stops further inflow of these two ions. As more potassium leaves
the fiber and fewer sodium and calcium enter, the more potassium leaves the fiber and fewer
sodium and calcium enter, the negative resting membrane potential (-90mV) is restored and
the muscle fiber relaxes. In muscle, the refractory period is the time interval when a second
contraction cannot be triggered. The refractory period of a cardiac fiber is longer than the
contraction itself. As a result, another contraction cannot begin until relaxation is well
underway and tetanus (maintained contraction) cannot occur. The advantage is apparent if
you consider how the ventricles work. Their pumpingfunction depends on alternating
contraction, when they eject blood and relaxation, when they refill. If tetanus could occur,
blood flow would stop. Certain drugs appropriately called calcium channel blockers, such as
Verapamil, reduce calcium inflow and diminish the strength of the heart beat. So, if there is
reduced calcium inflow, it means there is less calcium in the muscle, and they ... it is not all the
troponin that is going to bind with calcium. Some of the troponin is going to be left ... like that...
without anything binding to it. This will slow down the strength ... all the muscles are not going
to contract. The repolarisation that means the recovery ofresting membrane potential phase of
the impulse in a cardiac muscle fiber resembles repolarisation in the excitable tissues: after a
delay which is particularly prolonged in cardiac muscle ... Now I'm thinking ..:

39. 1. What are you thinking?
40. S. We talked about 0.25msec ... depolarisation in cardiac muscle ... in l msec in other muscle fiber.

Here they say it is prolonged cardiac muscle. This "delay" ... I'm thinking ifit means the same
thing with that repolarisation ... Yes.
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41. I. You're pointing to the word "delay." Does that worry you?
42. S. Yes. I'm thinking if... ifit does not mean the same thing as that repolarisation, it probably

means ... I'm just going to confuse it with the refractory period now ... PAUSE. There is something
different but I can't get it. .

43. I. Different from what?
44. S. This delay they are talking about. I'm just confusing it with this refractory period.
45. I. Ok.
46. S. I'm not sure which is which. Voltage-gated channels open, and potassium ion(s) diffuse out

along their concentration gradient. It probably means that ... (She pages back and reads again).
Let me read this again. The repolarisation that means the recovery of resting membrane
potential phase of the impulse in a cardiac muscle fiber resembles repolarisation in the
excitable tissues: after a delay which is particularly prolonged in cardiac muscle, voltage-
gated potassium channels open, and potassium ion diffuse out along their concentration
gradient. Ok, I'm thinking ... it probably means. Uh ... let me see .. (Back to first page). The
combined buildup of sodium and calcium in the cytosol maintains the depolarisation for about
-O.25sec. Itmeans that it remains contracted for 0.25sec. Oh yes!

47. I. What is that now?
48. S. I'm thinking this depolarisation is 0.25sec which means 250msec. I got it now. I was

confusing msec and sec. I got confused which one is bigger than the other one. So I know now
that from this .... 25sec is 250msec which is much more bigger than 1msec.

49. I. Were you confused about the time intervals?
50. S. Yes. This delay ... what was confusing me was that... they are stating here that after a delay

which is particularly prolonged in cardiac muscle ... and in cardiac muscle it is like 250msec and
in the other it is 1msec. Now I see what they are talking about. After a delay which is
particularly prolonged in cardiac muscle, voltage-gated potassium channels open, and
potassium ions diffuse out along their concentration gradient. At the same time, the sodium
and calcium channels are closing, which slows and then almost stops further inflow of these
two ions. As more potassium leaves the fiber and fewer sodium and calcium enter, the more
potassium leaves the fiber and fewer sodium and calcium enter, the negative resting membrane
potential (-90mV) is restored and the muscle fiber relaxes. In muscle, the refractory period is
the time interval when a second contraction cannot be triggered. The refractory period of a
cardiac fiber is longer than the contraction itself. As a result, another contraction cannot
begin until relaxation is well underway and tetanus (maintained contraction) cannot occur.
The advantage is apparent ifyou consider how the ventricles work Their pumpingfunction
depends on alternating contraction, when they eject blood and relaxation, when they refill. If
tetanus could occur, bloodj1ow would stop. Now I understand it.

51. I. Ok, and thank you.

52. I. Will you now please answer these questions?
53. S. Of what importance are electrical impulses to heartfunction? (Repeats it). Uh ... I'm thinking

of it as these impulses that are conducted through the heart that will kind of initiate any
contraction that happen in the heart. And yes, I think they are important to initiate the heart
contractions. To enable the heart to do its functions. And if they alternate like that, I think it is
more important for the heart to pump the blood through each chamber. Like the other chamber
contracts and the other one is relaxing. I think the electrical impulses function in that.

54. I. Ok. The electrical impulses cause the heart to contract and relax. Can you give me more
information? Is it the same impulse that causes it to contract and relax?

55. S. Yes, it is the same impulse but it just travels from one part of the heart to the other. Hence,
when it travels ... wherever it travels, it initiate a contraction ... right throughout the heart.

56. I. And when it has passed?
57. S. When it has passed, there is relaxation ... there is ... relaxation of the heart.
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58. 1. Ok. The second question?
59. S. How do the electrolyte movements in cardiac tissue relate to the mechanical response of the

heart? The electrolytes ... I'm sure it means the sodium and calcium and potassium ions ... Now the
question is: How do the electrolyte movements in cardiac tissue relate to the mechanical
response of the heart? And by the mechanical response I think that they mean the actual result of
contraction and relaxation of the heart. So, uh ... When sodium ... when sodium and calcium ions
move into the membrane ... to the sarcolemma of the cardiac fibers, or ... through the sarcolemma
of the cardiac fibers, the resting membrane potential is reduced to -90mV ... down to ... yes its
reduced from -90mV down to what is threshold potential ... so when uh ... yeah ... when the inflow
of these electrolytes continues, it certainly it cause the threshold potential to be reached. And
when this threshold potential is reached, and I'm thinking ... it was +30mV ...

60. 1. Is that your previous knowledge?
6l. S. Yes. I think it was skeletal muscle ... they talked about +30mV ... Reduced from -90 to +30.

when it reached +30 ... the cardiac fibers ... the membrane is depolarised. Which means the
impulse, the initial potential is like initiated, and the fibers are sliding pass one another like that
and (She gestures) ... which initiates a contraction.

62. 1. The fiber slide pass one another.
63. S. The actin and the myosin fiber slide pass one another and when they are sliding pass one

another, they cause the muscle to shorten and this causes contraction, and pumping of the blood.
64. 1. Do you want to add to that or are you done?
65. S. No. Due to the inward movement of sodium and calcium, ions, the ... the ... the ... potassium

ions they are moving out of the sarcolemma. And this is ... from my previous knowledge I know it
is ... this is conducted by this sodium-potassium pump which kind like it moves in sodium and
takes out potassium during repolarisation. And there is that exchange. And then also from my
previous knowledge, I know that when there are repolarisation, the inside is ... turn out to be more
neg ... to be more positive like sodium and calcium are moving in ... they are both positive ions ...
turns out to be more positive than the outside. When there is repolarisation. Now I'm going to the
third question. Is there any reason why the depolarisation phase of the ventricular fibers are
much longer that the repolarisation phase. Let me repeat that. (She does that). So, I...
depolarisation, if when the muscles contract, is when the ventricles contract, and repolarisation is
when they fill up ... they relax and there is inflow of blood. So the reason why the ventricular
fibers are much longer ... depolarisation phase is much longer, I think it is because when the blood
flows from ... in the heart ... when the blood flows from the atria to the ventricles, now when they
contract, aU the blood should go out through the atrium and the aorta. Through the aorta and
the ... and ... I've forgotten this.

66. 1. Through the arteries?
67. S. Yes. The blood must go out through the arteries. Otherwise if there is any blood ... The

depolarisation phase which means the contraction should last longer and kind like be stronger to
let the blood go out. Otherwise if there is any blood left, some more blood from the atrias will
move down and add to this blood which might probably lead to enlargement of the ventricles
causing myocardial infarction.

68. 1. Good.
69. S. Why is it impossible for the heart to go into spasm and why is this important. I'm thinking of

spasm now. Is it...
70. 1. Don't you understand the word?
7l. S. No.
72. 1. Spasm means one prolonged contraction. Tetanus?
73. S. Yes. (Repeats the question). Ok. Why is this important? Uh ... I think ... I think it is important.

for the heart to... I'm not sure ... Is this question ... does it mean the whole heart?
74. 1. Yes.
75. S. I think it is quite important for the heart not to contract aU in one otherwise there will not be
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blood ... blood will not be any blood in the atria or the ventricles. Unlike in the normal where there
is ... if there is blood in the atria there is blood in the ventricles, and when there is blood in the
ventricles there is blood in the atria. So I think if it just contract in one movement like that, there
won't be any blood to pump and just go into failure or whatever. Why is it impossible for the
heart to go into spasm? This question ... I'm thinking it is one of the facts of these impulse ... the
impulses that are conducted from the SA node down to the AV node. 1.. wherever ... If the
impulse comes from the SA node which is situated in the atria and when it passes to the AV node
which is situated in the ventricles. So ifit passes from one part of the heart or the other, the first
part which was previously initiated by the impulse, or relaxes and it... this will ... there is
obviously some blood ... So think it is the effect of the ... of the electrical impulses.

76. I. Ok. The last question?
77. S. What do you understand by a resting membrane potential of -90mV? Uh ... I think it means

that when the membrane ... Uh ... I think it means that when the membrane starts to depolarise, it
starts at -90mV. I want to look at the book. She focuses on the -90mV which appears in the text
passage). The contractile fibers have a resting membrane of close to -90mV. When brought to
threshold ... Ok. I think ... that... its that ... level of excitation ... if excitation of the membrane it
reaches -90 it is when where it starts being like ... uh ... it is when the membrane starts being
depolarised when all the sodium channels getting in and until it reaches +30 when it is completed
and when it is completely depolarised.

78. I. What causes this then to be at -90mV?
79. S. What causes it? (She looks very puzzled). No, I don't know. Ijust can't understand it.
80. I. Ok that is fine. Thank you.

ANALYSIS OF PROTOCOL A5

L COGNITIVE WEAKNESSES
lNPUT PHASE
1. Immediately upon reading sentence 1, she identified the relevance of prior knowledge concerning
muscle membrane potentials.
2. Failed to attend to Fig 20.7 - even ignoring the text reference to it in sentences 4 and 18.
3. She perceived each sentence sequentially - no holistic perception (blurred and sweeping perception).
4. Exploration was sequential and information gathering lacked goal orientation. E.g. in lines 18-24 she
was confused by the movement of sodium and calcium. There was no point of reference, she tried to link
the two instead of linking them to the membrane potential.
5. Receptive verbal tools were lacking. She recognised the need to identify terms such as "depolarisation"
(16), "plateau" (16), "troponin" (28-30) but failed to do this. She failed to link word meaning to
conceptual understanding. E.g. in 16: "I'm thinking what depolarisation means ... and I'm thinking
whatever it means the membrane potential is decreasing." If she clarified the meaning of depolarisation
meaning she would not have incorrectly stated that "the MP is decreasing through -90mV."
6. Understanding of spatial concepts was lacking. This resulted in confusion (18-28 and 32-34). She was
unable to locate the physical position of calcium and sodium or assess their relationship and their effect
on concurrent events in the membrane potential. She was disoriented in time and space. The temporal
nature of the events left her confused.
7. She did not perceive the need for accuracy of data collection. Several times when she was confronted
with information that was confusing she did little or no backtracking, and did not evaluate what
information was missing or distorted. In (28) she was puzzled about the direction of movements of
sodium and calcium. But responded with "I'm just going to pass that." She also speculated about the
meaning ofunfarniliar terms - e.g "troponin" was interpreted to refer to a carrier molecule (30) and the
action of drugs was considered to "take the place oftroponin."
8. She focussed only on the written textual information. No reference was made to the figure the text
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referred to twice. This caused her to spend much time clarifying "delay" (38-50), "refractory period" and
"depolarisation" (39-51).

ELABORATION PHASE
9. No particular objective was pursued as she read. Elaboration was executed on a sentence-by-sentence
level. No extraction of main points or differentiation between relevant and irrelevant information took
place.
10. Although she exhibited a need to compare (e.g. in 14,24 and 30) she was unable to execute it.
Il. Anarrow and limited mental field was displayed. She had difficulty in coordinating prior knowledge
and passage information or even to link elements within the passage to make it meaningful.
12. Although she exhibited a need to summarise or draw conclusions from the information she was
unable to. In 38 she incorrectly concluded that decreased calcium inflow would leave some troponin free
which would decrease the strength of contraction. She read sentences 14 -22 (50) with no elaboration or
summarisation - she simply concluded with "Now I understand it."
13. Need for logical evidence was apparent (30, 38 and 22). However, although she generated questions
and attempted answers, she was unsuccessful.
14. Generally seemed unaware of techniques and processes involved in setting, seeking and reaching
goals. Rushed through her reading without planning.
15. Episodic grasp of reality was reflected in the difficulty she had in linking cause and effect or seeing
consequences of her actions.

OUTPUT PHASE
16. Her output responses were very much trial-and-error. She communicated the information in a
random, unplanned manner until she found a solution by chance. E.g. in (30) she assigned an action to
troponin without testing her inference, and in (38) she stated that "troponin and actin slided pass one
another."
17. She presented her understanding in a meaningless way because cognitive skills such as comparison
and summation were ineffective at the elaboration phase. .
18. Payed undue attention to irrelevant and inappropriate information. E.g. in (40-42) inappropriate
attention was given to "delay"; in (48) she failed to equate "0.25" with "(250msec)"; in (30) the role of
troponin was not understood.
19. Communication was egocentric (53): "to enable heart to do its functions" (which functions?); "... if
they alternate like that" - no specification of what "they" or "that" referred to; "other chamber" and "other
one" (referring to heart chambers?); and "I think the electrical impulses functioning that."
20. Impaired verbal tools were demonstrated by her use of isolated key phrases. This pointed to a lack of
conceptual understanding. Her answer to question two (59) relied heavily on prior knowledge and was
communicated inaccurately and imprecisely. E.g. incorrect statements were made (59-61): "Sodium and
calcium move the membrane"; "they move to the sarcolemma"; and "RMP is reduced from -90 to+30".
The information was also at times communicated with distorted facts and details. E.g. she equated
"depolarisation" with "contraction" and "repolarisation" with "relaxation."
21. Responses to questions (e.g. 67) were communicated randomly in an unplanned manner and were
profoundly speculative. Her responses did not seem to relate to passage content. She clearly did not
construct an understanding of the passage or internalised the main theme.

n, COGNITIVE STRENGTHS
22. Demonstrated an awareness of the need to activate prior knowledge (e.g. in 16), but failed to link it to
text information.
23. Exhibited a need to reflect on the meaning of unfamiliar terms (e.g. 16,28 and 40), but failed to
establish the meaning of the terms and concepts.
24. She was metacognitively aware of her failure to understand (e.g. 16, 18,24 and 28) but lacked
effective strategies to solve the problem. The only available strategy which was employed was rereading -
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but with limited success.
25. She attempted to generate explanations to difficulties encountered in the text. Her efforts
unfortunately were unproductive since they resulted in incorrect products. E.g. (34) "short refractory
period will cause :fibrillation"; (38) "decreased calcium leaves troponin free which in turn decreases
strength of contraction." In (34) she inferred that the heart has to rest "that's why refractory period is
longer than contraction."
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INTERVIEW PROTOCOL A6

Topics: Chapter on the heart and passage on the heart valves

1. I. When you have to study a chapter like this one, how do you approach it?
2. S. I will just have a look at the chapter and then ...
3. I. You look at the contents?
4. S. Yes. And then I will ... to get the topics from here. So that I can programme myself .. so that it

can tell myself that I should at least finish up to this point by this time.
5. I. That is to pace yourself? So do you then just start?
6. S. Yes.
7. I. Where do you start?
8. S. The first... the first page (He indicates that he studies the text in a linear fashion, starting from

the first page through to the end). I may take a rest for a while before I go on.
9. I. Oh, then you take a break.
10. S. Yes.
Il. I. How do you decide which topics are more important?
12. S. They are all important. I look at my notes to see which are more important. Then I try to

emphasise those that are important.
13. I. Those topics which do not appear in your class list. .. do you leave them out?
14. S. IfI don't have time before a test... I leave it out.
15. I. Ok. You can read now.
16. S. As each chamber of the heart contracts, it pushes a portion ofblood into a ventricle or out

of the heart through an artery. (He reads through the entire passage once. He only interrupted
his reading to pause at "endocardium" and "slack" without clarifying the meaning of these
words).

17. I. What are you going to do now?
18. S. I've read through but I did not understand it. (Hé then starts rereading the beginning). Valves

of the heart. (He rereads sentences 1-5).
19. I. Please tell me what you are thinking as you are reading.
20. S. I have to read it again because I don't understand it. So I will read it again and again and

again.1...
2l. I. Ok. ..
22. S. I have to do it to memorise it. As the heart contracts, it pushes ... each chamber ... there are

four chambers ... PAUSE.
23. I. You are thinking of the four chambers. Ok.
24. S. The right atrium ... two atria ... two ventricles ... I'm just paging through the book (Chapter 21)

to understand the chambers.
25. I. You want to know more about the chambers.
26. S. Yes. Before I go on. Chambers ... (He reads from below the heading "heart chambers". I'm

reading what the chambers are. The interior of the heart is divided into four compartments
called chambers ... I think these are connected to atries ... arteries ... veins ... The two superior
chambers are called the right atrium and the left atrium. Each has an appendage ... Ok. The
auricle serves to increase to volume of the atria. The two inferior chambers are called the
right ventricle and the left ventricle. And the two superior chambers are called the right atrium
and the left atrium. Ok.

27. I. So you have the information of the chambers?
28. S. Yes. As each chamber of the heart contracts, it pushed a portion of the blood into the aorta

through an artery. The chambers are the superior right atrium and the left atrium.
29. I. So you're recalling that from what you have just read?

287

https://etd.uwc.ac.za/



30. S. Yes. (Reads again). To prevent backflow ofblood, the heart has valves. These structures
are composed of dense connective tissue covered by endocardium. Valves open and close in
response to pressure changes as the heart contracts and relaxes. PAUSE.

31. I. What are you thinking?
32. S. I'm just to analyse the part so that I can understand it.
33. I. Can you tell me what comes to your mind?
34. S. Ijust want to reread it to understand it. As each chamber of the heart contracts (sentence

1) ... That's I try to find out how these chamber(s) are working in terms of.. what direction it
flows ... To prevent the back flow of (sentence 2) ... these structures are composed of dense
connective tissue covered by endocardium. These are layers of the heart ... I just want to see (He
looks up "endocardium" p.592) ... pericardia ... (reads through that paragraph and pages to 594) ...
Here it is. The innermost endocardium is a thin layer of epithelium overlying the layer of
connective tissue. This is under the heart wall. So. I think the endocardium is just the inner layer
of the wall ... of the heart. (Resumes reading). Valves open in response to pressure changes ... so
the ... I think I understand that.

35. I. You understand that paragraph?
36. S. Yes. So I'm paging through ... I'm still thinking of the first part ... try to memorise it again ...

before I go to another part.
37. S. Atrioventricular valves. AVvalves lie between the atria and ventricles. So, I will try to find

out anything that concerns the atrium and the ventricles. So every line Irn studying I just try to
think. Try to relate it to the part just before this. The right AV valve between the right atrium
and right ventricle is also called the tricuspid valve because it consists of three cusps. (Repeats
it). So then I will look at the chambers of the heart. The atrium the right... the left ventricle ... the
left AV valve between the left atrium and the left ventricle has two cusps and is called the
bicuspid valve. AV valve lie between atria and ventricles. The right AV valve between the right
atrium and the right ventricle are also called the tricuspid valve. Let's try to read it... PAUSE.

38. I. You are going to read it. Is there anything worrying you?
39. S. Yes. Because I... I'm worried about this part. So when I came across something then I read it. I

just try to think of uh ... the formation of atria and ventricle ... that I've come across before this one.
So that I can have more understanding of it. The AV valve between the right atrium and the right
ventricle is called the tricuspid valve. Because it consist of three cusps. The left AVvalve lie(s)
between the left atrium and the left ventricle has two cusps ... and is called the bicuspid valve.
When an AV valve is open, the pointed ends When an AV valve is open, the pointed ends of
the cusps project into the ventricle. PAUSE.

40. I. Does that worry you?
41. S. Yes, because I don't understand that. So I will have to go back again to AV valves ... at the

start ... to see where I can read this line ...
42. I. Ok.
43. S. Relate that line to the first line. (Reads sentence 6 and 7). So when I came across, when I was

just reading the first part of this line, I tried to read the whole line and I try to memorise the
remaining words of the line. When I come across "the right AV valve", I just think of the whole
sentence ... try to memorize it. (Rereads sentences 7 and 8). So I'm just going to read again
(Rereads sentences 6 and 7 twice). So I'm just saying this to my mind ... what I just read ...

44. I. You want to memorise it?
45. S. I'm saying it quietly in my mind so that... so I'm kind of talking to myself.
46. I. Ok. You want to remember it just like that?
47. S. Yes. (Reads sentence 8) I'm doing the same thing ... trying to say it quietly ... (Reads sentences

6, 7 and 8) When the AV valve is open ... so that... the two are just... I will read again and again
to see ifit would kind of bore me ...

48. I. I beg yours ... kind of!
49. S. Yeah.'. kind of boring or I'm tired of that. So I think I know them.
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50. 1. Ifyou get tired of it then you are familiar with it?
51. S. Yes. So I go on ... (Reads sentence 9 twice). Although I'm trying to know it the way it is, but I

can't imagine it. When they say, "When an AV valve is open." Ok, I do understand that part.
Then I have to go and look for the structure of the AV valve.

52. 1. Ok. You want to look for the structure of the AV valve?
53. S. Yes, so that I can understand it. So I'm looking for it (Figs 20.4a & b, p.599).
54. 1. What are you looking for or at?
55. S. I'm looking for the bicuspid valve ... when it is open and when it is closed ... try to imagine

what ... although I do see ... but something ... just seen for the first time. So I'm trying to relate it to
something that I see in my daily life. But still I can't relate it to anything so I just have to take it
the way it is. I will go back.

56. 1. What did you look at in this figure?
57. S. The AV valves, the bicuspids are open ... closed ... how they are organised.
58. 1. So you looked at the picture?
59. S. Yes, the picture but not the words (annotations). So when the AV ... I'm going back to that

line ... when an AV valve is open ... (sentence 9) ... I still try to imagine it... try it still doesn't make
sense, but again I'm getting a little bit tired of it. The only thing is I must just know the whole
sentence ... that's all. So if! could just produce the whole sentence ... or know how to say it, Ithink
that will do. (Reads sentence 10) ... tendon-like fibers called chordae tendinea connect the
pointed ends ... (repeats it). Iwill just have to go back and see what they are from ... which part
they are attached to. Or if there is anything about tendon-like fibers. I will read the same
paragraph. (Reads sentence 10). Blood moves from the atria ... This one is similar ... concern the
physiology of the AV valves. (Refers to the second paragraph). There is nothing more about the
anatomy ... So I still have to go back again ... read the anatomy of the AV valves. (Reads sentence
6). I'm really talking to myself although I'm reading.

60. 1. You are reading, but is also recalling from you memory. You're trying to see how it matches
with your reading?

61. S. Yes. Because Ijust read "The right AV valve" and then I just try to trigger what... something
that concerns the right AV valve. Then I try to finish the whole sentence on my own. The right
AV valve ... (sentence 7) ... (Repeats the sentence from memory). So when I see the tricuspid
valve, Itry to find out why they call it like that. What is it all that tricuspid valve. Then ... it
consist of two cusps. I think I'm through with it. Ifeel I know it. And the left AV (sentence 8).
When Isee the "AV valve ..." Itry to finish the whole sentence on my own.

62. 1. So you just get the cue for the first part of the sentence and then you finish it.
63. S. (Reads 8 and 9) ... that is the same ... when Isaw the words "when the left AV valve ..." Ijust

finish the sentence. (Reads sentence 10). I'm trying to find out the pointed ends of the chords ...
(Rereads). Although I'm no quite sure of this ...

64. 1. What are you thinking?
65. S. Ican't say this part which ljust read aloud. Iwill have to go through it once more. (He reads

and then tries over and over again trying to memorise it). I'm not really reading it... I'm just
triggering it and then try to recall. I'm just marking the text book. .. like I say the sentence go like
this, the second sentence like this ... sentence by sentence ... on my own. (His entire approach is to
memorise the entire passage verbatim).

66. 1. Ok. You can continue now
67. S. So, I'm going to read this and then I'm going to store this in my memory. The right AV valve

lie between the right atrium and the right ventricle is also called ... (continues reading). When I
see this papillary muscles, Ijust think of the function of the muscles.

68. I. You're thinking of the function of the muscles.
69. S. Yes, in relation to this fibrous chords ... chordae.
70. 1. What in particular are you thinking about?
71. S. What Ithink about... this muscle ljust think of the ... function ... Ilook at the tendon-like
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fibrous chords ... Then try to see if these papillary muscles are related to this ... uh ... structure ...
chordae tendineae ... then try to understand the whole part.

72. I. Ok.
73. S. (Resumes reading) ... tendon-like fibrous chords ... I just look it kind of interrupted me (the

looking at the previous sentence where bicuspid valve is highlighted) ... when I see the bicuspid
valve ... so it kind of interact with ... when I saw the bicuspid valve, I wanted to know what it was
all about. I'm reading below, but Ijust saw that word. So I'm just trying to understand. Then I'll
come back to this papillary muscles. (Resumes reading). Tendon-like ... I don't understand it but
I'm tired of it so I will just go on.

74. I. You don't fully understand it, but you're tired of it? What do you mean by you're tired of it?
75. S. I mean that I will take a break and come back to it.
76. I. So you want to take a break from it? (Nods). Do you want to go on to the next paragraph?
77. S. Yes. (Reads) ... Blood moves from the atria to the ventricles through open AVvalves. So

there is nothing that I have to know here. It is just the pressure inside the ventricles. (Reads
sentence 12) ... the chordae tendineae are slack, which means they are tightened. (Proceeds to
read sentences 13-15) everting or swinging upward into the atria. I'm now trying to find out
what is the meaning of this word.

78. I. Which word?
79. S. Everting. Everting or swinging upward. So when I don't know the meaning of this word, then

I must read and understand this paragraph again. Then the meaning of the word will come. From
the paragraph if! understand it. If! don't get anything, I will just go to the dictionary or the ...
yah ... the dictionary.

80. I. Ok.
81. S. Blood moves from the (Sentence 11) ... So I'm just trying to read this sentence ... try to

memorise the sentence. (Sentences 11-15). Uh ...
82. I. Is something worrying you?
83. S. Yes. Yes, I feel I don't understand this fully ... the whole paragraph. I'm just going to go

through it once. And then ru go to another paragraph. After that ru just take a break and then
come back and do the whole thing over. (Reads sentence 11 again) ... I'm just memorising. (Reads
sentence 12). So I'm just trying to follow the structure that are involved in the movement of blood
in the atria. These are the atria, ventricle, chordae tendineae, and the tricuspid valves.

84. I. Those are the structures involved in the movement of blood from the atria to the ventricles?
85. S. Yes. Then I look at the structures in the above paragraph ... their anatomy ... (Reads sentences

11-13). So when I get tired of this I will just go on.
86. I. Ok. (40 mins. have expired at this point).

87. I. That would be enough. I want to ask you a few questions. What are the functions of the heart
valves?

88. S. Just... when they open to prevent the flow of blood in one direction.
89. I. Do you want to explain your answer?
90. S. Yes. Blood flows in one direction from atrium to ventricles, so they prevent the flow from

ventricles back to the atria.
91. I. Why is that important? The prevention of the back flow of blood?
92. S. When the blood is in the heart it has a destination. It goes from the heart to the lungs ... So

instead of going to there, it comes back from the ventricles to the atria, instead from atria to
ventricles. So the lungs will need the blood and something will go wrong due to back flow of
blood. So maybe some disease will happen.

93. I. Ok. What will happen when you remove the AV valves?
94. S. AV valves. (He looks at the text). I want to read here. (Reads sentence 7). When you remove

the AV valve ... because they lie between the atria and the ventricles, they connect the atria and
the ventricles. So the blood won't flow efficiently between these two parts.
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95. I. What will happen?
96. S. Lack of blood ... I mean blood won't flow from atria to ventricles ... or let me say between these

two parts.
97. I. You say there won't be any flow of blood.
98. S. Yes. It will not be enough for the whole body to maintain homeostasis.
99. I. Ok. Can you summarise what you have learned here?
100. S. AV valves lie between the atria and ventricles. Then the right AV valve lie between the right

atria and the right ventricle. Then it has got a tricuspid valve that consists of three cusps. Then
the left AV valve lie between the left atrium and the left ventricle. It is called the bicuspid valve. It
consist of two cusps. Then ... there are structures like the structure chordae tendineae which
connect. .. kind of connect to valves ... to the papillary muscles. That's it.

101. I. Ok. Did you pick up any differences between the AV valves ... The right and the left?
102. S. I came across in terms of their position ... The heart has four chambers. Repeat the question

again?
103. I. (Repeats the question).
104. S. The right AV valve in terms of the position and has three cusps. The left has two cusps.
105. I. What is the function of the chordae tendinea?
106. S. So I think of the papillary muscle. Chordae. Tendons are tendons. They connect bones to

muscle (Given that information to him earlier). So there are no bones here. They are not relevant.
So... I'm thinking of the anatomy of the part ... What you're asking is based on the anatomy and
not the physiology. It says ... connects AVvalve to the papillary muscle.

107. I. And what is the function of the papillary muscle?
108. S. I think they act in the physiology. Papillary muscles I think ... I'm not quite sure ... I think they

are important in the flow of blood ... In the opening and the closing ... tricuspid and bicuspid
valves.

109. I. Ok. That is fine. Thanks very much.

ANALYSIS OF PROTOCOL A6

L COGNITIVE WEAKNESSES
INPUT PHASE
1. His perception of the task was blurred and sweeping since no goal formulation occurred (18). He did
not know what he was reading for. Little attention was given to the figures referred to in the text - he
preferred to page around in the book to find relevant information (26).
2. His investigational strategies for reading was dominated by an intention to memorise the text verbatim
(20,36,43,65,81 and 83) - to the point where it "bored" and "tired" him (46 and 58).
3. Unfamiliar words such as "endocardium" and "slack" (16) were not clarified at first. Later (79) he did
mention the need for a dictionary.
4. He extensively verbalised sentences and phrases directly from the text. No paraphrasing occurred. He
tried to imagine (visualise?) structures (55 and 51) and failed to communicate his problems.
5. He focussed on the anatomical arrangement of structures with little attention to their spatial
arrangement or the consequences. Ris perception was limited to the location and position of the valves.
6. Lacked a need for accurate and precise data gathering - reflected in failing to not discriminate between
relevant and irrelevant information - everything was considered important. Also evident in his
memorisation: "I'm saying it quietly in my mind (45); "I'm not really reading it - just triggering it and
thinking to recall" (65).
7. He referred to other sources of information e.g. text (24 and 34), figure (53), dictionary (79) but none
were used effectively to supply additional information or to clarify concepts.
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ELABORATION PHASE
8. He equated memorisation with understanding (20-22): "I will read it again and again (20); "I have to
memorise it." Also evident when asked to summarise (99-100).
9. He failed to find the main points in the text. Text was processed at the micro-level with little attention
or need to link structures to events or function. Discrete units of information were not organised or
integrated into meaningful systems.
10. His concern with all the "facts" prevented a need to summarise information and extract the
underlying concepts.
11. Even though he spoke of "relating different parts" (37) he failed to execute appropriate strategies.
12. Planning behaviour was deficient. He read and attempted to solve difficulties that were immediate.
For example, in (39-41) failing to understand sentence 9 his strategy was to reread and to memorise it
(43).
13. He focussed on concrete objects (anatomical structures e.g. in 59) and ignored or failed to relate the
underlying abstract principles of volume and pressure changes to the changes in the dimensions of heart
structures.
14. His grasp of the structures and events in the passage was episodic. He perceived and processed these
as disconnected, separate events which bore little relation to each other. The main focus was on location
of valves, papillary muscles and chordae tendineae.

OUTPUT PHASE
15. Incapable of providing solid arguments in response to the questions (92, 94 and 106).
16. Communicated information incoherently and unsystematically (61 and 106).
17. His expressive verbal tools were inadequate and he relied heavily on sentence structure and
formulation as it appeared in the text with limited paraphrasing.

OTHER
18. Failed to attend to text organisation.
19. Very little evidence ofmetacognitive awareness.
20. No notes were made.

n, COGNITIVE STRENGTHS
21. Identified unfamiliar words but was not consistent in clarifying their meanings.
22. When confronted with information that was "difficult", he attempted to "try to relate it to something
that I see in my daily life" (55) or "I still try to imagine it" - realising the need for visualisation and
relating new information to old.
23. He also searched the section for clarification (26) and was aware of the need to use a dictionary (18).
However, he lacked the cognitive strategies to apply his intentions. Although he experienced a need to
clarify the terms (59 and 61) he was consistently incapable of doing it.
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INTERVIEW PROTOCOL A7

Topics: Chapter on the heart and passage on the heart valves

1. I. Tell me, when you study a chapter, how you would go about doing it?
2. S. Firstly, I have to understand what is behind the chapter, what should I know. And all the ... In

the CVS I have to know the significance of it in the whole body. And then I could go through the
objectives.

3. I. The objectives in the book?
4. S. Yes. Ok. So I look at the objectives, and after looking at the objectives, I study the anatomy

first so that I can know where the organs are located in the heart. After that I go to and study the
chapter. (He gestures).

5. I. Ok. So you will start here on the first page, and deal with successive pages? (He nods). How
do you decide which parts are more important?

6. S. The parts that I take as more important are those parts that involve the physiology of
something. Like say ... like for instance ... (He pages through). For instance, the heart blood
supply ... those are the ... the sections that ... concentrate on more.

7. I. How do you know it is important?
8. S. Because, you see, first of all I must know the sole function of the CVS. It is to transport the

nutrients to the cells and remove the waste ... So the blood supply of various tissues ... various
tissues. That is the sole function.

9. I. But now if you never studied this work, how will you know that? Is there anything in the book
that will indicate to you, or does the lecturer tell you?

10. S. First of all, it is important that one should attend to ... because what is the core of the section.
Il. I. Ok.
12. S. Yes. What is done in the lecture. Because sometimes the lecturer highlights the most

important sections ... by repeating it over and again, and asking questions in the class. So, I know
this one is more important, but everything I think is important, but there are those that are
highlighted.

13. I. So, in a chapter like one this there are parts that you are going to leave out?
14. S. For studying I will follow up from the lecture. I don't usually leave out anything, I usually do

everything that was covered in the classroom.
15. I. So, you get the topics from the lecture, and then you study everything?
16. S. Yes, I will cover everything. But when it comes to the exam, then because the timetable is

tight, like the one we have now, I only have one day for microbiology, and physiology I have no
day at all. Then I check those I'm familiar to those that I can recall when I'm sitting down. I can
easily with my friend discuss them.

17. I. Ok. But otherwise you start at the first page and then continue page after page?
18. S. IfI do have time, I go through the questions at the end.
19. I. Do you use the summary?
20. S. If there is something which I do not understand, in some cases it helps to summarise. For

instance here ... the conduction system, the pacemaker ... when you look in the text book there is
too much detail and the summary gives the important points. There might also be some language
problems since English is my second language.

21. I. What is you home language?
22. S. Xhosa.
23. I. Is English a big problem to you?
24. S. Sometimes, yes.
25. I. In physiology only, or in all of the subjects?
26. S. You see subjects like this which need more discussion ... subjects like physiology, micro and
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biochem ... where you have to describe something. Then the language is problem. You might
know something but when you put it in the book. Most of us have a problem with prepositions
you see. Like "within" and "on", "in". So the lecturer just says no, it is not "in" it is "within", it is
not "on" it is "within". Not that you do not know the work, you have an idea.

27. I. You are saying that when you are asked facts you perform better than when you have to
explain something?

28. S. The better way to express yourselfis to outline it in terms of.. not a diagram ... more a flow
diagram. Instead of some ...

29. I. Would you say that the language problem is forcing you to concentrate on the facts?
30. S. Yes. Because it is something that you can easily recall when you are writing a test.

31. I. I now want you to read this passage as I've explained it to you.
32. S. As each chamber of the heart contracts, it pushes a portion ofblood into a ventricle or out

of the heart through an artery. To prevent backflow of blood, the heart has a valve. (He writes:
"Function of the valves is to prevent the back flow of the blood"). These structures are composed
of dense connective tissue covered by endocardium. (He nods). The term endo ... so that means
it is something inside ... the cardium ... the heart. So it is a connective tissue. (Resumes reading).
Valves open and close in response to pressure changes as the heart contracts and relaxes.
(pages over). Atrioventricular valves. Atrioventricular valves. Lie between the atria and
ventricles. I think I will look for a diagram. (He pages over and considers Fig. 20.3).

33. I. What are you looking for?
34. S. The atria, and the ventricles. (Scans the figure) ... right atria and right ventricle. Here's the right

atria ... here's the right ventricle. So, these are called tricuspid valve because they consist of three
cusps. So the tri means three ... tricuspid valve or flaps. The left AV valve between the left atrium
and the left ventricle has two cusps and is called the bicuspid valve. (Looks at Fig. 20.3).

35. I. What are you looking for?
36. S. I'm looking for the location of the left atrium in the heart, and the left ventricle. (Locates it).

When an AV valve is open, the pointed ends of the cusps project into the ventricle. PAUSE.
37. I. What are you thinking of?
38. S. I'm trying to find the logic behind this. When an AV valve is open, the pointed ends of the

cusps project into the ventricle. Ok, I understand it. Because the blood is going from the atrium
to the valves so its open in the direction of the flow blood. (Gestures). Tendon-like fibrous cords
called chordae tendinea connect the pointed ends and undersurface to papillary muscles that
are located on the inner surface of the ventricles. Blood moves from the atria into the
ventricles through open AV valves when ventricular pressure is low. So when ventricular
pressure is low, blood moves from the atria into ventricle. So there is a pressure gradient between
the atria and the ventricles. So the blood moves from a higher pressure to a lower pressure.
(Writes). I write the direction of the blood and the influence of the movement of the blood.

39. I. You feel that is important?
40. S. Yes. Pressure gradient determines the direction of the blood. Which is from the atria to the

ventricles. (Starts reading again). At this time the papillary muscles are relaxed, and the
chordae tendineae are slack. When the ventricles contract, the pressure of the blood drives the
cusps upward until the edges meet and close the opening. ru repeat (Rereads) this one to
understand it. At the same time, the papillary muscles are also contracting, pulling on and
tightening the chordae tendineae. This prevents the valve cusps from everting or swinging
upward into the atria. I don't understand this everting.

4l. I. You don't understand the word "everting"?
42. S. Yes. Or swinging upwards ... swinging upwards ... PAUSE. Ok. Semilunar valves. I will have

to do this (AV valves) on my own.
43. I. What is that?
44. S. ljust want to talk to myself to see if! understand this on the AV valves.
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45. I. You can certainly do that.
46. S. So the AV valve ... there are two ... there are three AV valves. The one on the right consist of

the right atrium and the right ventricle. So the blood flows through the right atria to the right
ventricle due to a pressure gradient. And there are those ... those tricuspid valves that prevent the
back flow of the blood. And the pressure of the blood is high in the atrium ... the chordae tendinea
they slacken, and the ... (He looks at the text book).

47. I. What are you looking for?
48. S. I'm looking for the cause of this moving of the blood from the atrium.
49. I. You are looking at those valves?
50. S. Chordae tendinea ... (He scans the figure and talks to himself and then reads sentences on it

again). Chordae, papillary, when the ventricles contract... So I'm going this section.
51. I. You want to go on to the next section?
52. S. Yes. Both arteries that emerge from the heart have a valve that prevents blood from flowing

backward into the heart. These are the semilunar valves. The pulmonary semilunar valve lies
in the opening where the pulmonary trunk leaves the ventricle. The aortic semilunar valve in
situated at the opening between the left ventricle and the aorta. So, the location of the aortic
semilunar valve is at the opening of the left and the aorta. (Writes).

53. I. What are you writing?
54. S. The location of the semilunar valve. (See his notes). Lies in the opening ... I'm doing all this

because when I see this again ... this word ... pulmonary semilunar valves again, I do not have to
go to the text book because it is too much text... the text is too thick. The aortic semilunar valve
is situated at the opening between the left ventricle and the aorta. (Writes that down). Both
valves consists of three semilunar cusps half moon or crescent shaped. Each cusp is attached
by its convex margin to the artery wall. The free borders of the cusps curve outward and
project into the opening inside the blood vessel. Like the AVvalves, the semilunar valves
permit blood in one direction only: in this case, the flow is from the ventricles into the arteries.
So, this is the unidirectional flow of blood. (Writes that down). In this case from the ventricles to
the arteries. So, the difference between this and the AV is that AV valves ... is that the blood flow
from the atria to the ventricles. That is from the ventricles to the atria. (pages over). I think that I
just understand what is going on. But I will have to go through again.

55. I. Ok.
56. S. (He goes back to the beginning and starts reading again. When he reaches paragraph 2 ...)...the

chordae ... I've got a structural problem here.
57. I. A problem with the structure?
58. S. Reads again ... Ok. .. the figure ... here are the chordae ... and papillary muscles ... (Fig. 20.3) ...

(Rereads paragraphs 2 and 3) ... are slack ... (He has problems understanding the operational
aspects. The role of the chordae and papillary muscles seem to be problematic). The papillary
muscle to be of importance in the opening and the closing of the valves. Because it depends solely
on their contraction and relaxation. At the same time the ... the ... pressure is also associated with
their functioning. This prevents the valves, cusps from everting or swinging upward into the
atrium. Semilunar valves (Reads paragraph 4). He has a problem with the sentences "Each cusp
is attached by its convex margin to the artery wall", and "The free borders of the cusps curve
outward and project into the opening inside the blood vessel." But cannot explain what the
problem is). Ok.

59. I. Do you think that you understand it now? (He nods).

60. I. Here are a few questions I'd like you to answer. Please answer them aloud.
61. S. How do the heart valves contribute to the effective functioning of the heart? The heart

valves ... the contribution of the heart valves ... affect the functioning of the heart because they ...
because ... blood has to have a direction ... first of all... it must have a definite direction ... a specific
direction. Like for instance in the question of the AV valves ... the atrioventricular valves the
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blood must flow from the atria into the ventricles. So the heart valves they prevent that back
flow ... the blood will move in the opposite direction ... that is from the ventricle into the atria. And
secondly, that... the second example is that of the semilunar valves where blood has to move
away from the heart into the arteries. That is from the ventricles into the arteries. Uh ... at the
same time the ... this is achieved with the help of the those muscles ... like the papillary muscles
and the chordae tendinea ... Because when ... when the ... pressure is low in the ventricles, the ...
those papillary muscle relax and the chordae tendinea they are... become slack, Then the blood
moves into the ventricles. When the blood moves into the ventricles the pressure in the ventricles
increases ... and then it pushes those cusps upward ... I think in the closing of the valves. At the
same time the papillary muscles contract... PAUSE. The papillary muscles contract causing the
closure of those valves. That's all.

62. 1. Ok. You may continue.
63. S. Explain the effect of removal of the heart valves on the heart function. (Repeats it). (He's

puzzled.) Heart valves ...
64. 1. What is the effect of removal of the heart valves on heart function?
65. S. Maybe, first of all, it will definitely have a negative effect because, as I mentioned in my first

answer, that the heart ... the blood is going to have a different direction that it is going to move.
Then the ... there will be some back flow of the blood from the ventricles into the atrium. Which I
think will have certain repercussions. And that one is from the arteries into the ventricles.

66. 1. So, what do you think can go wrong if blood moves back. What are the repercussions?
67. S. The repercussions is that the heart is pumping the blood to the tissues. So, there is not too

much ... not that blood that is required to ... thát is required by the tissues ... for oxygen for the
transportation and nutrients. So, it is not going to serve this function to its fullest. Because of
that. Then the pressure in the blood won't have any ... won't have any significance.

68. 1. Ok.
69. S. Does the structure of the valves affect their function? If so, how? The structure of the

valves ... is so adapted for their functioning because they got those cups ... first of all. And the
direction that the cusps are facing ... you see... because if the blood is moving from upward ... then
those cusps are facing upward and they got those muscles ... those muscles ... the papillary
muscles which contract... pulling them up so that they can close ... when the pressure. Let me take
an example ... in the atrioventricular valves ... you got those ... (He gestures).

70. 1. Do you want to make a drawing? (No response).
71. S. You got three cusps there and then there are also those papillary muscles ... The flow of

blood ... the blood moves from the area where there is a higher pressure to where it is low
pressure. So, those cusps allow that blood through the structure ... the structure allow the blood to
move from the atria to the ventricle. Now when the pressure is high in the ventricle, the papillary
muscles have the ability to contract... they are muscles ... at the same time causing those cusp ...
(Continues to the next question). How would a defective mitral valve affect the heart action. So,
the mitral valve is the bicuspid valve ... How would it a defective one affect heart action? So, the
function of the bicuspid valve as I understand ... the bicuspid valves ... PAUSE. (Reads twice:
"When and AVvalve is open ...").

72. 1. What are you looking for.
73. S. When I'm looking for this ... the function of the bicuspid valve ... that is when I will understand

it. Thus ifit is not functioning what will be the results. (Tries to find the answer in the text
instead of attempting construct his own). Ok. Here ... the defective mitral valve ... it would have a
negative effect on the heart action in that... ifit is defective, it is going to ... its going to have an
effect on the flow of blood and the direction of blood. You see ... On the direction of blood in that
if that mitral valve is defective; the blood won't flow in that specific direction in that it should
flow into. Yes. In this instance from the left atria into the left ventricles. And in the heart it is
going to ... I think here ... this blood is going back to that affecting of the tissues ... with nutrients
and the removal of wastes. (Continues to the next question). How would a high blood pressure
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in the aorta affect valvular action ... High a high blood pressure in the aorta ... The high blood
pressure in the aorta will cause the valves the high pressure in the aorta will cause an increase
of the ... blood will pump into the ... (Goes back to the figure).

74. 1. What are you looking for?
75. S. I'm looking for the aorta ... (Struggles to find the aortic semilunar valve, goes back to find the

term in the text and continues reading). "The aortic semilunar valve is situated ..." So, in this case
the high pressure on the aorta will result in the movement of blood into the ... the ... to the left
ventricle ...

76. I. Why will that happen?
77. S. Ok. Blood here ... (points to the text). I'm trying to link with the left ventricle. So, I will know

where the blood goes first... does it go to the aorta or to the ventricles. So, here ... the blood start
in the aorta and then ... sorry ... the blood start in the ventricle and then into the aorta. So, if there
is high pressure in the aorta, that means that the valves between the aorta and the left ventricle is
going to close so that the blood pressure does not increase any further.

78. 1. So, your answer is that the valves are going to close?
79. S. Yes.
80. 1. Thank you.

ANALYSIS OF PROTOCOL A7

L COGNITIVE WEAKNESSES
INPUT PHASE
1. He started to read without any goal orientation. His attention was not focussed long enough on details
to perceive their relevance clearly and he thus failed to perceive the information holistically.
2. Lack of planning resulted in unsystematic processing - all information was treated as equally
important. The lack of goal formulation also prevented him from collecting all the necessary information.
3. His receptive verbal tools were limited by his own admission (20, 26 and 29-30). This encouraged him
to focus on the "facts" and concrete information and not on abstract events.
4. Information from the figures (32 and 58) were not used to visualise effectively for spatial orientation. It
was not evident whether he had an sense of or need for spatial orientation. His temporal conceptualisation
was also limited to perceiving blood flow from one location to the next (e.g. 54 and 46). The process of
blood flow was not perceived as continuous. Neither did he attempt to link events in a causative manner.
5. His need for accurate and precise data gathering was impaired: In (46) he stated "the're two ... there are
three AV valves ..." and in (50) he was not comfortable with his understanding but proceeded to the next
section. Also, in (58) he failed to differentiate between less and more relevant information - all
information was processed haphazardly.
6. No evidence of using prior knowledge to integrate and assimilate into new knowledge. Only one
particular figure was used as an additional source of information while several figures were available and
referred to by the text.
7. He considered the text to have too much detail (20) and to be "too thick" (54).

ELABORATION PHASE
8. Although he detected incongruities in parts that he processed (e.g. 46 and 58), he did not identify the
specifics of the problem in order to decide on a cource of action in response to the problem.
9. He failed to use main points in text to summarise the information or to find evidence to substantiate
his reasoning (e.g. 54 and 58). No differentiation was made between trivial and important information.
10. An instance of comparative behaviour was noted (54), but then it was only to compare the direction
of blood flow through the AV and semilunar valves. .
11. Little evidence of committing information to memory and to actively integrate it with other forms of
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IL COGNITIVE STRENGTHS
15. He reread extensively but he still failed to understand (40).
16. He was aware of the need to establish logical evidence for information encountered (38), albeit not
consistent or very effective.
17. He inferred meanings for "endocardium" and "tricuspid valves" based on his knowledge of the
prefixes "endo-" and "tri-".
18. Although he admitted to having problems with English, he did not display any language impairments
which could not be ascribed to the complexity of the scientific language. He however, could not "think-
through" his responses competently.
19. His elaboration and responses to the questions did not completely correspond with his understanding
displayed during the verbalisations. Could this be due to information acquired earlier?

information, such as prior knowledge. The information and facts were processed episodically -
disconnected from one another and lacking a common theme.
12. No evidence of processing information according to a particular plan.
13. His inadequate verbal expression and inability to effectively "think-through" the task were evident in
his heavy reliance on large sections of the text by repeatedly rereading it, instead of paraphrasing, when
he needed to elaborate or consider information at hand.
14. Episodic grasp of the events was displayed - seen as a series of disconnected events separate from
one another and from other aspects of the heart. This was despite his awareness (2) that "I have to know
the significance of it in the whole body."
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NOTES OF SUBJECT A7
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INTERVIEW PROTOCOL A8

Topic: Heart valves

1. I. When you are ready you can start.
2. S. As each chamber of the heart contracts, it pushes a portion of blood into a ventricle or out

of the heart through an artery. To prevent backjlow of heart the heart has valves. These
structures are composed of dense connective tissue covered by endo ... cardium. Valves open
and close in response to pressure changes as the heart contracts and relaxes. So, I'm thinking
about smooth muscle now ... Atrioventricular valves ... lie between the atria and ventricles.
What about. ..

3. I. What did you say?
4. S. I'm trying to figure out where is the atria and the ventricles. (She scans the diagrams on pages

597 and 598).
5. I. What are you looking for?
6. S. The ... (She reads again) ... The atrioventricular valves ... lies between the atria and ventricles.

They don't specify here whether it is the left atrium or what.
7. I. You don't find anything in Figure 20.3 ... (She reads through the labels of Fig. 20.3 and

identifies the tricuspid valve and the bicuspid valves).
8. S. But here they don't mention whether ifit is left or right ventricle.
9. I. They don't mention it in the text?
10. S. Yes. The right AVvalve between the right atrium and right ventricle is also called the

tricuspid valve because it consists of three cuspids! ru go back to the other page ... So...
11. I. Just talk a bit louder. You are at Figure 20.3 again.
12. S. So it lies between the right atrium and the right ventricle. So, with the right ventricle ... (She

looks at the figure again and locates where the right AV valve is situated, and reads further).
Because it consists of three cuspids! Flaps. The left AV valve between the left atrium and the
left ventricle has two cuspes and is called the bicuspes valve, the mitral valve. Ok. I'm trying to
locate that now. .

13. I. You are looking for the mitral valve. (She locates the valve on Fig. 20.3.) Ok. You have
located that one.

14. S. Ok. When an AVvalve is open, the pointed ends of the cuspal! project into the ventricle.
Tendon-like fibrous chords called chord ... chordae tendinea connect the pointed ends and
undersurface to papillary muscles ... I'm trying to look at (Fig 20.4a) the chord ... chordae ... (She
has great difficulty in pronouncing "chordae tendineae" and "cusps").

15. I. Chordae tendineae.
16. S. Ok. They connect the pointed ends and undersurface to papillary muscles. Ok. Let me see

the figure. (She tries to locate the papillary muscles in Figure 20.3). Ok... that are located on the
inner surface of the ventricles. Mmm ...Blood moves from the atria into the ventricles through
open At/valves when ventricular pressure is low. Ok. PAUSE.

17. I. When you pause, please tell me what you are thinking.
18. S. I'm trying to picture the atrium and the flow of blood from the atrium into the ventricles.
19. I. Ok.
20. S.... through ... the AV valves open when ventricular pressure is low. Ok. At this time the

papillary muscles are relaxed ... Ok... and the chordae are slack. .. Ok. It is time to locate that...
21. I. You are back at Figure 20.4a. What are you trying to locate?
22. S. The relaxed chor ... (She scans the figure focusing on the chords and the papillary muscles).
23. I. Please think aloud whenever you can. You are looking at the opening of the valves?
24. S. Yes.
25. I. Anything in particular?
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26. S. No, I'm just looking how it go about... relating when the blood pressure ... the ventricular
pressure is low and the flow ofbloodfrom atria into the left ventricle ...

27. 1. Ok. So you are relating what you are reading to this figure?
28. S. Yes. (She continues to read). When the ventricles contract, the pressure of the blood drives

the cusps upward until the edges meet and close the opening. (pauses and repeats the sentence).
When the ventricles contract, the pressure of the blood drives the cusps upward until the edges
meet and close the opening. At the same time, the papillary muscles are also contracting ... So,
I'm trying to connect the second line with the first one ... When the ventricles contract, the
pressure of the blood drives the cusps upward until the edges meet and close the opening. At
the same time, the papillary muscles are also contracting ... I'm trying to connect the first
paragraph with this one ... That one with when the blood was moving inside the atria to the
ventricles ... then the opening of the valve and with the relaxation of the papillary muscles.

29. 1. Ok.
30. S. Now they are talking of the contraction of the ... of the papillary muscles and the closing of

the valve. (She seems puzzled).
31. 1. Anything that comes to your mind - just speak it up aloud.
32. S. This prevents the valve cups from everting or swinging upward into the atria. Semilunar

valves. Both arteries that emerge from the heart have a valve that prevents blood from flowing
backward into the heart. Ok. I have just found the function of the valve. It is to prevent the back
flow of the blood. They didn't mention in the first paragraph.

33. 1. Ok. They did not mention the function of the AV valve.
34. S. Yes ... These are the semilunar valves. Ok. The pulmonary semilunar valve lies in the

opening where the pulmonary trunk leaves the right ventricle. So I'm trying to locate the
pulmonary valve.

35. 1. You've turned to Fig. 20.3.
36. S. Here they are (As soon as she located the term, she's satisfied and immediately returns to

reading without trying to expand on this information) ...pulmonary semilunar valve lies in the
opening where the pulmonary trunk leaves the right ventricle. Back to the figure. (She goes
back to confirm this information). The aortic semilunar valve is situated at the opening between
the left ventricle and the aorta. So I'm trying to locate the aortic semilunar valve which is
situated at "the opening between the left ventricle and the aorta".

37. 1. Ok. You are looking at the figure. What are you looking for?
38. S. For the aorta ... semi ... aortic semilunar valve ... this is the aorta (She locates the valve) ... so it

is between the left ventricle and the aorta and the first one is between the ... is where the right
ventricle leaves that... Ok. Pulmonary trunk ...

39. 1. You're satisfied? You've located it?
40. S. Both valves consist of three semilunar cusps ... [...].
4l. 1. Just louder please ...
42. S. Each cusp is attached by its convex margin to the artery wall. The free borders of the cusps

curve outward and project into the opening inside the blood vessel. Like the atrioventricular
valves, the semilunar valves permit blood in one direction only. So they have the same function
as the ... the semilunar valve as the atrio-ventricular valve. Ok. Which is to prevent the back flow
of blood. In this case, the flow is from the ventricles into the arteries. Ok. In the arteries ... So, in
this one it was from the arteries into the ventricles.

43. 1. The AV valves?
44. S. Yes. The AV valves and this in this case flow is from the ventricles into the arteries. PAUSE.
45. 1. Please tell me what you are looking at and what you are thinking while you are looking at it.
46. S. I'm trying to think of the differences between the atria ventricular valve and the semilunar

valve. They are location ...
47. 1. Are you trying to compare the two?
48. S. Yes. Am I suppose to write notes?
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49. 1. It is only important that you do what you usually do.
50. S. (She goes back to the beginning of the paragraph, and starts to write - see attached notes). She

writes and talks aloud what she's written ... AV valves, and semilunar ... the function is to prevent
back flow ... and also has two valves those are AV valves and semilunar valves ... and then from
this one ... called the bicuspal valves and the tricuspal valves ... then the semilunar valves are
called the semilunar valves ... and these are aortic valves ... and this one is located in the left
ventricle left ventricle ... so this one is located in the right ventricle and it leaves the right
ventricle to approach the pulmonary valve ... then this one ... the difference between the two (bi
and tricuspid) is ... this one has two and this one three ... (She goes back to the text) ... PAUSE.

51. 1. What are you looking for now?
52. S. The difference between the bicuspid and tri ... Ok. (She reads). The right AV valve between the

right atrium and the right ventricle is called the tricuspis valve ... (She returns to describe where
they are located). Because it consists of three cusps and this of two cusps ... the left AVvalve
between the left atria and the left ventricle is two cusps and is called the bicuspis (mitral)
valve ... so it is between ... (Writes: "left atrial and left ventricle ..."). Ok. So, about the
mechanism ... (Write: "Mechanism"). Ok, this one ... when the blood moves from the atria to the
ventricle ... and then ... it moves through ... the bicuspid ... the AV valve between this two ... could
be any of the two ... so ...

53. 1. Remember you do not need to recall what you have read from memory.
54. S. Ok. (She looks at the text again).
55. 1. What are you looking at?
56. S. At... looking at (points at Fig. 20.4a) ... for relaxation ... but these names are difficult...

difficult... this one chor... chor ... (chordae tendineae).
57. 1. Just call them chords because that is really what they are.
58. S. Ok. Ok. .. During the flow of blood ... (She writes) ... the opening of the valve goes about so

that the chor chor ... and the papillary muscles ... I think which one is relaxing, which one is
contracting during the opening of the valve ... Ok. So I must go back to the text... When AV
valve is open ... the pointed ends of the cusps protrude into the ventricles ... (She reads up to: "At
this time the papillary muscles are relaxed" and tries to relate it to the figure). Ok. What about
the ... role ...

59. I. You are wondering about pressure?
60. S. Yes. What force the blood to move from this to this ...
61. 1. From atria to ventricle?
62. S. Yes. So there was low pressure in this (ventricles) ... low pressure and the atrium has high

pressure (writes) so the blood moves from the high pressure to the low pressure. So ... (She goes
back to the text) ... It is all about the opening ... the valves ... (reads) concerning opening ... this one
(papillary muscle) will contract... and this one (chords) will relax ... (Note the incorrectness of this
observation and the superficial understanding). Ok. So... Ok. Opening of the valve ... the last
section of the papillary ...

63. 1. What are you trying to do now?
64. S. To connect this contraction and the function of the valve ...
65. 1. You're comparing the opening and the closing of the valves?
66. S. Yes. During the ... there is contraction of the chor ... the chord don't contract... Ok. Good ...

Contracts ... (She attempts to draw this). Ok, ifit contracts ... the flow ... this will open ... the
valve ... so chords I'm trying to see what the chords do ... Ok. The chords allow to open ... it allow
the valve to open Connect the papillary muscles ... (She tries to work out the mechanism of the
chords and muscles during the opening and closing of the valves) ... Ok.

67. 1. Do you understand that?
68. S, Yes, I am happy with that. So the [...]. .. will contracts, and this one (muscle) will relax, and

the valve will close. Ok.
69. 1. What does "Ok" mean? Do you understand it?
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70. S. Yes. And then the flow of blood from the atria will be the relief of pressure in the atria ... [...]
so what about the semilunar valves?

71. I. Have you now completed the AV valves?
72. S. Yes.
73. I. The semilunar valves ... (She's scans the first paragraph) ... [...] ... just want to know whether I

left something or they mention the mechanism like that one for the opening of the AV valves.
74. I. Ok. .. You are looking for a mechanism for the semilunar valve?
75. S. Yes. (Reads the paragraph of semilunar valves). PAUSE ... Ok. I found the semilunar valves ...

only allow the blood from the ventricle to the atria. Ok, so you have a high pressure now in the
ventricle so we have alow pressure so the direction of this will be from the ventricle to atri ...

76. I. Do you think you understand it? Will you at this point say, "I can say that I know it now",
and put it away?

77. S. No, I will have to revise what I have written here.
78. I. Does this (notes) represent your summary?
79. S. Yes.
80. I. Thank you.

81. I. Will you now please look at these questions. The text book will be available throughout and
you may consult it if you want. Just talk through your answer, there is no need to write it down
unless you really need to.

82. S. How do the heart valves contribute to the effective functioning of the heart? (She repeats the
question). The valves allow the blood to flow in one direction ... the heart has to do with the
oxygenated blood and the deoxygenated blood and that should not be in contact (mixed?). So the
valve permit only permit the one flow of the blood ... not the back flow so I think the valves permit
the blood to flow in one direction.

83. I. One way?
84. S. Yes ... also, it, ... uh ... about the pressure ... it relieves the pressure from one valve to the other.
85. I. Ok. Would that be your complete answer?
86. S. (She seems very unsure).
87. I. Do you want to go on to question two?
88. S. Yes. Explain the effect that removal of the heart ... heart valves will have on heart

function? .. removal of the heart valve will have on heartfunction ... Ok. So... removal of
valves ... so the blood that... can ... flow backwards ... the oxygenated blood will mix with the
deoxygenated blood ... and what will happen? .. the function of blood ... that the heart ... mmm ...

89. I. What are you thinking?
90. S. I'm trying to connect the function of the heart and the function of the valves. Ok. So... there

are no valves hey? So...
91. I. Yes, there are no valves.
92. S. I'm thinking you are going to lose ... a lot of pressure ... [...].
93. I. What will it lose? I can't hear you.
94. S. Ok. .. it's busy pumping the blood ... uhu? The heart is busy pumping the blood through the

valve hey ... no. To the ventricle so there are no valves. So the back flow and the outflow of
the ... of the ... of the blood the the oxygenated blood will mix with the deoxygenated blood. I
think there will be a... uh uh (She gestures with her hands).

95. I. Mixture?
96. S. Yes, a mixture of the blood ... and then a disorder somewhere ... I don't know what that is.
97. I. What kind of disorder? I'm not asking for names.
98. S. Uh ...
99. I. When you consider the function of the heart, will you still have a good functioning heart?
100. S. No, failure ... heart failure ... something like that.
101. I. What does it fail to do?
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102. S. The pumping action of it, because there is a lot of blood ... there is no control of it. Ithelps it
from ... [...].

103. 1. Will there be more blood in the heart?
104. S. Yes. More blood because there is no control of it. Even the back flow of it... the blood ...
105. 1. Ok. Is that your answer? You can go to question three now.
106. S. Does the structure of the valves effect ... affect their junctioning? Affect their junctioning? If

so. How? Does the structure of the valves affect their junctioning, ifso, how? Yes, it does effect
their functioning because ... it depends whether the ... the ... muscles are relaxed or contracted
during the ... the ... the ... high or low pressure of the valves.

107. 1. Which muscles are you referring to?
108. S. The papillary muscles and the chord ... oh ... yes ... the slacking of... if they relax the blood go

through it depends to ... the pressure ... also to ... to its structure ... yes ... Because during the ...
the ... the the high pressure of the valve the valves open due to even slacking and contraction of
muscles and then, and then the bloodwill flow from the atrial to the ventricles. PAUSE.

109. 1. So you reckon that in order to do what they do they have to be structured as they are?
110. S. Yes.
Ill. I. Is that only for the AV valve. What about the semilunar valve? (She considers the text).
112. S. They do not mention the semilunar valve in the text. PAUSE.
113. 1. What are you thinking?
114. S. I'm just thinking about... about how it goes about now to ... (She tries hard to get the

information from the text).
115. 1. Are you trying to get the information from the book?
116. S. I did not get it from here, but now I'm trying to relate its function ... whether it can have the

structure the specific structure or not. So... it allows ... the blood to flow from the ventricles to
the atrium but it does need to be slacking of because if the atrium is ... have the high pressure
now ... what is going to happen to the ... the ... ventricle ...

117. 1. You are not to sure about that?
ll8. S. Yes.
119. 1. Ok, Please skip number four and go on to number five.
120. S. How would a defective mitral valve affect heart junction? So mitral valve is bicuspid ... it is

two cuspes valve ... defective ... ok. .. PAUSE
121. 1. You may go to the text book any time if you want.
122. S. (She goes back to the notes). I'm looking for the bicuspes valves ... How will defective valve

effect the heart junction ... here ... the blood is flowing from the atria to the ventricle ok. .. so... if
it is defective, it won't perform its functions (She traces the information in her notes) ok .. so
now ... the blood won't be able to flow from the atria to the ventricle ask myself why it is like
that... so the high pressure here in the ventricle ... in the atria ... yes high and low ... high pressure
(point to atrium) and low pressure ... (points to ventricle). So there is ... so the blood will flow
through blood will flow through that. .. no, it will only flow ... the valve is not functioning ... so,
the flow there will not be equal balance between this (atrium and ventricle). So if this one
(ventricle) ... approaches maybe the same pressure as this one ... nothing stop it from ... the blood
flow from the ventricle. So, the more blood flowing through the ventricle ... and then the more
blood ... uh ... then to the heart ...

123. 1. But aren't you in the heart now? Oh, you mean the blood will be accumulating in the heart. So
the person with mitral valve defect, will suffer what?

124. S. The blood will accumulate.
125. 1. Where?
126. S. In the ventricle.
127. 1. Until when will it accumulate?
128. S. Uh ... Until the tricusp ... I think the tricusps must..
129. 1. I beg yours?
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130. S. The tricusps must have an effect now ... to petform ...
131. I. The tricusp valve will take over?
132. S. Uh...
133. I. In the left ventricle?
134. S. No, not in the left ventricle. Let me picture it whether it is flowing from the left ... ifit is

flowing to the right ventricle or what... (She goes back to the text book). Oh, I do not see
anything about connecting the left and the right ventricles ...

135. I. What are you looking for?
136. S. A connection between the left and the right ventricles ...
137. I. Would you say that a person can live without a mitral valve?
138. S. (She's unsure).
139. I. Ok, the last question?
140. S. How would a high blood pressure in the aorta affect the valvular action? High blood

pressure. (She looks at her notes). Valvular action ...
141. I. What are you looking at? (She looks at her flow diagram).
142. S. Ok. Now Imust think of the direction of the blood. Because the ... whole ... there must not be a

back flow of the blood. So, if there is a high blood pressure in the aorta ... (She looks at Fig 20.3...
traces the direction of blood, then goes back to her notes.). Valvular action. This one (aortic
valve) ... the function of it... to the ventricle to the atria ... [...] ... will it have any effect to that? Ido
not see any effect. Because the direction of the heart is from the ventricle ... from the left ventricle
to the ... to the aorta. Ok. The aorta to the arteries.

143. I. So you do not think there will be any effect?
144. S. They will just open because of the high blood pressure.
145. I. Are those the arteries from the aorta just going to be greater?
146. S. Yes.
147. I. Thank you.

ANALYSIS OF PROTOCOL A8

I. COGNITIVE WEAKNESSES
INPUT PHASE
1. Her perception of the figures was sweeping and blurred (4, 10-12, 14 and 36). She thus limited the
use of information from the figure to the location of anatomical structures and was even then unable to
identify the essential or relevant details. As soon as she located a structure she proceeded.
2. Her receptive verbal tools and concepts were impaired and inaccurate, and impeded comprehension.
E.g. in (42) she confused atria with arteries, cusps were variously read as "cuspids" (10 and 12) "cuspal"
(14) and "cups" (32); in (50) she referred to the valve as having two valves; valves were variously
referred to as "bicuspis", "tricuspis" (22 and 52), "tri" and "bicuspal" (50) and "tricusps" (128); and in
(38) "where the right ventricle leaves that".
3. Her spatial orientation in terms of the structures was fragmented with little regard to the relative
positioning of valves and their associated structures.
4. She took time to collect as much information as possible, but it lacked organisation, goal orientation,
and differentiation between relevant vs. irrelevant information.
5. Her consideration of figures as an additional source of information was superficial. There was no
referral to prior knowledge (e.g. 13,16 and 56).

ELABORATION PHASE
6. Whenever she was confronted with incongruencies, incompatible or missing information, she lacked
the cognitive strategies to infer and reflect to gain understanding (32, 18-20 and 58).
7. Difficulty was experienced with attempts to find points to substantiate an argument (62,52 and 66).
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8. She failed to relate the mechanism and structure to the general heart function and her mental field was
thus limited.
9. Attempts at summarisation was incoherent, confusing, and inaccurate and lacked goal orientation (50,
62,66 and 38).
10. Internalisation was not evident - she relied heavily on the concrete information of the anatomical
structures and failed to link it with past or future events.
11. Her inadequate verbal skills limited her ability to elaborate on and explain concepts (e.g. 42, 50 and
62). Her limited expressive ability impeded reasoning and inferencing.
12. Episodic grasp of the concepts involved was evident (82) in her inability to relate the "prevention of
back flow" to heart function," and that its purpose was said to "relieve pressure from one valve to
another" (84). Failure to conceptualise appropriately, was also apparent in stating that "back flow of
blood which cause oxygenated blood to mix with deoxygenated blood" (88 and 94).

OUTPUT PHASE
13. Data output was imprecise - her responses to questions reflected a superficial trial-and-error
approach (82-104).
14. Her expressive verbal tools were deficient - evidenced by her profuse use of "this" as label (50, 60, 75
and 122), inaccurate expression - high or low pressure of the valves (106), "it does need to be slacking of
because of the atrium is ... have the high pressure now" (16); "mixing blood in heart will cause a disorder
somewhere" (96); "there will be more blood pressure of the valves" (108); and "the direction of the heart
is from the ventricles" (142).

II. COGNITIVE STRENGmS
15. She was aware of the necessity to reflect (6-8) and to clarify anatomical structures and location
thereof.
16. She displayed a need for visualisation (18 and 36).
17. She exhibited spontaneous comparative behaviour (42, 50 and 58) but lack of appropriate.relevant
information or of cognitive strategies caused her to be unsuccessful.
18. She regularly paraphrased information from text - albeit inaccurately.
19. She persevered to complete the tasks - evidenced in her responses to the set questions.

306

https://etd.uwc.ac.za/



NOTES OF SUBJECT A8

N~ c'--=~\s..--:.. ~-- - --------_._-------------_.-
~~:_~e"'-...s L-D~-- f-'.__c.-"c~<:._... . . _

\0\d A- -v <r:-~-:-~.-~.-..' -.-y.-----:-""'-c--- -------- --------.----

-------_ .. __ ._ .._-_._-------------------- ---_. _ .._.- -'

=;~-r-~~-=~- -b_=_~~~:=:::__ __ . . - - -.... ---
~ 'J --t-- c:;;.c"",,,,·, \'-,~ r. c= ._.. ---- -?-~--. -_._---_.------~----., , -~---_..-..- _.__..----------..!.

~\S:C..:ïF---\~ë::;__;~f~--:-----· f'-" ~,_. /'"\.~"V-t"\C-------

-- . --~_.- ----- .v --- -~---~-:c.-/+'-------- .......11>----------

-l!~--f_t_~~----T~\L ~v. ~'2?'-'\'""'~'-'d.. t~~~~-7- ..L"o~l~
'--:P. ---/1".1',. ......:.:.- ._-_. - ._.- .- _._-----

J,..,/' ),>

_ '(e,~d
- -

" \,

;::.~~C~
1 ..

- ,---'-<:

307

https://etd.uwc.ac.za/



INTERVIEW PROTOCOL A9

Topic: Heart valves

1. 1You can start reading as I've explained to you.
2 S. (He reads through the entire passage once, without reading the subheadings. He has problems

and mispronounces words such as "cusps"- cuspis or cuspids. Lacks precision concerning
atrium vs. atria and artery vs. arteries).

3. 1You have finished reading the text. Would you now say that you understand it? Please proceed
so as to understand it.

4. S. I'm looking at the valves ... the anatomy of the valves. The way they control the movement of
the blood.

5. 1What, in particular, are you considering?
6. S. (He points to the highlighted term "valves"). The valves and the ... I'm looking at the valve and

also the way ...
7. 1Please, will you vocalise everything that comes to your mind?
8. S. Ok, The portion of the blood in the ventricle ... out of the heart through a artery ... PAUSE ... I

want to write ... (Writes). The valves and then they are covered ... I'm looking at the structure of
the valves. So, dense connective tissue ... (He considers paragraph 1). I'm thinking of writing
this ... endocardium. That is the physiology of the valves ... the vessels ... in response to pressures ...

9. 1What are you thinking?
10. S. I'm thinking of whether to see how does the changes oL how does the contraction and

relaxation of the heart ... affect valves or how do the valve's opening and closing affect the
contraction. (He reads the last sentence in the first paragraph). The valves open and close in
response to ... etc. So I'm thinking that the heart the ... valves are open and closing because of the
pressure due to the contraction and the relaxation of the heart. PAUSE. I'm thinking of whether
I'm reading or writing it.

Il. 1Whether you must read or write it.
12. S. Yes. I'm thinking of the actually ... to divide ... I'm thinking of these valves ... which the valves

does the heart has ... what are the names of the valves and where they are found (Names and
locates valves - see his notes: lie between the right atria ...). The right AV valve between the right
atrium and right ventricle is also called ... here is another name ... the tricuspid. How did they
come about in naming it tricuspid is because of. .. it cons is t of three cusps. And then the next. ..
The left AV valve between the left atrium and the left ventricle has two cuspids and is called the
bicuspid valve, the mitral valve. This one the right has three cusps ... this one has two ...

13. 1What are you reading?
14. S. Now I'm thinking why is this AV valves, for instance, they lie between the atria and the

ventricles and then ... I've written only AV valves. The definition of this ... I was thinking of while
I was reading I was thinking and start to ask myself why is there a right AV valve and a left one ...
The left ventricle because it has two cusps it is called bicuspids ... (Writes that). So the AV valve
is ... Ï'm thinking of writing ...

15. 1What are you thinking?
16. S. The problem is here that I want to see whether these pointed ends ... the name of these pointed

ends of the cusps whether it is the papillary muscles or the chordae tendineae ... When an AV
valve is open, the pointed ends of the cuspis ... cuspids ... project into the ventricle. Tendon-like
fibrous cords called chordae tendinea connect the pointed ends and undersurface to papillary
muscles. Something is confusing ...

17. 1What is confusing you?
18. S. I want to know what is these pointed ends, because they say that these chordae tendineae is

these fibrous chords. And they say ... when the AV valve open these pointed ends of the cusps ...
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Oh, now I understand it now.
19. 1. What do you understand?
20. S. The cusps consist of the pointed ends which are when the AV valve is open, they project out.

PAUSE. Tendon-like ... Ok. I'm thinking of this thing ... This tendon-like fibrous chords they
connect the pointed ends of the cusps to the papillary muscles (Writes: "The chordae ..." etc. and
papillary muscle on the ... etc.). I was thinking of these papillary muscle if they're located just
underneath the AV valve. Because when the AV valve, the pointed ends of the cusps project
out... etc. (Repeats sentence 10 several times).

2l. 1. Why do you write it down? Is it important to you?
22. S. The way I want... the location of the ... because there seems to be uh ... When I'm thinking of

this ... the papillary muscles ... when the AV valve open ... then the ... its pointed ends ... is
connected to the papillary muscles. So I'm thinking of.. I want to see whether the pap muscle is a
part of the ventricles or is just between the AV valve. ru look at the location of it... (Reads it
again).

23. 1. What is puzzling you?
24. S. These papillary muscles are on the inner surface of the ventricles. Blood moves from the atria

to the ventricles when the ventricular pressure is low. So I'm thinking of when the blood arrives
in the heart, I first find that the AV valves are closed, because if it were open, the blood will just
run into the ventricle without sort of accumulating in the atrium to create high pressure. They say
the blood moves from the atria into the ventricles through an open AV valve. My problem is that
when the blood arrives there, there in the atria, whether they find AV valves open or closed ...
because they say the ventricular pressure should be low so that the blood should flow from the
atria into the ventricles. I'm thinking of that when the blood arrives in the atria, the AV valves are
closed and then the blood will accumulate first. PAUSE. (Reads: "At this time the papillary
muscle are relaxed ..."). When the ventricles contract, the pressure of the blood drives the cusps
upward until the edges meet and close the opening. At the same time, the papillary muscles are
also contracting, pulling on and tightening the chordae tendineae. PAUSE. I find that when
the blood arrives at the AV valve, the no ... the blood arrives in the atria, the AV valves are closed.
And as the blood accumulates, it pushes the AV valves to become open, and the blood will move
from the atria due to the pressure into the ventricle. Since they say the blood moves from the ...
etc. (Reads sentences 13, 14 and 15). Ok. This now ... As the blood accumulates, the ventricles
pushes the papillary muscles ... cause the papillary muscles to contract, the ...pulling and
tightening the tendon-like chord ... to meaning that the cuspids will be closed. And this
prevents ... will prevent the blood from flowing back into the atrium.

25. 1. You want to continue?
26. S. Yes. Both arteries that emerge from the heart have a valve (Rereads it). Which arteries? I'm

asking myself which ...? Because the one ... that just brought back the blood is supposed to be a
vein. So where were the veins. Both arteries that emerge from the heart have a valve that
prevents bloodfromflowing backward into the heart. These are the semilunar valves. These are
the semilunar valves. The pulmonary semilunar valve lies in the opening where the ... something
is not right.

27. 1. What is worrying you?
28. S. They say both arteries that emerge from the heart have a valve that prevents from flowing

back into the heart ... (Sentences 19 and 20). The problem that I was thinking of semilunar valve
is a name different from this one. Meaning that both are semilunar valves but the other one is
pulmonary semilunar valve and ... I'm reading further. The aortic semilunar valve is situated at
the opening between the left ventricle and the aorta. And then the pulmonary semilunar valve
lies in the opening where the pulmonary trunk leaves the right ventricle ... the right... the right..
I'm thinking ... whether I should write it or understand it before I can write it. (Reads sentences 18
and 19 again). The aortic ... (reads again). I understand it now. (He pages over). I'm looking for
where they are. Semilunar valve ... (Looks at Fig. 20.3).

309

https://etd.uwc.ac.za/



29. I. What did you observe?
30. S. I've seen the aortic semilunar valve is situated between the left ventricle and the aorta itself

The problem is that I'm not used to reading aloud.
31. I. Ok.
32. I. What are you looking at now?
33. S. I'm trying to see why the aortic semilunar valve is like the between the aorta and the left...

why not between the aorta and the vein outside. Because they describe the first one as the
pulmonary semilunar valve ...lies in the opening lies in the opening where the pulmonary trunk
leaves the right ... the problem is why do they do this?

34. I. Why do they include the aorta?
35. S. The aorta ... because it is outside ... I mean it lies out of the heart.
36. I. Is the semilunar valve outside the heart?
37. S. The aorta itself .. they say between the left ventricle and the aorta. (Looks at the figure again).

I might be thinking of the anatomy. It is lying on the same level. The other one is at the bottom.
The yellow one is at the top. Just make sure that what I'm going to write here ... The valves Both
arteries that emerge from the heart, have valve ... (Writes: "arteries emerge from the heart ").
Valves ... This sentence does not seem to make sense. I'm thinking of it that afterwards I will go
through this. So that when I come back I want to make sure that it is explained. Arteries that
emerge from the heart ... valves called cups ... semilunar valves. In the opening ... The pulmonary
valves ... (writes) I think of writing this thing (sentence) to here.
Both valves consist of three semilunar valves ... cuspis ... I'm going this thing ... the flaps. Both
valves consist (Reads) ... Semilunar valves consist of three flaps. Each is attached by its convex
margin ... convex margin ... (pages over).

38. I. Is the term convex margin puzzling you?
39. S. Yes. I want to look at their shape ... It is like bulge ... ok. I'm thinking whether the valve is

supposed to bulge into the artery ... the cuspid is attached by it convex margin to the artery ...
and the free borders of the cuspid curve ... free borders of the cusps ... Looking for these things ...
(free borders), but I can't find it. Cause it.... PAUSE. PAUSE.

40. I. Ok. Are you finished with that? (He nods).
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41. I. I will now put a few questions to you.
42. S. How do the heart valves contribute to the effective function of the heart? Ok, since the heart

pumps blood so the valves regulate the movement of blood coming from the atrium into the
valves. Since in order for those valves ... because they are no ... the movement... in order for
those valves to open, they need to be pushed against something ... something to exert a pressure.
So as the blood comes into those atria, it pushes the valves to open. And then, as the blood
accumulates in the ventricles, it pushes on the valves to ... to ... it pushes them back to close. Then
once again that blood is ... the pressure inside the ventricle is higher than in the to push the
valves open. From the ventricles into the arteries. Therefore the pressure in the the blood up in
the ventricles the push these semilunar valve. So is the AV valves ... they are pushed open as the
blood comes in and the blood flows in the ventricles. And as the blood comes in, it pushes the
AV valves close and open the semilunar valves.

43. I. Ok. Go on to the next question.
44. S. Explain the effect the removal of heart valves on the heartfunction. (Repeats it). Ok. There

will be no regulation of the blood in the heart. Then the oxygenated blood and the deoxygenated
blood will ... I mean the blood will just mix. Therefore ... the ... even the pumping of the heart will
be low because ... this ... here ... (Reads). The valves open and closes in response., The contraction
of the heart will also be affect because of the pressure.

45. I. Ok. Go to number three.
46. S. Do the structure of the valves affect their functioning? Yes, the structure of the valves affect

their functioning for in order for the flaps to open, the pointed ends of the valves of the cups, will
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be ... which is connected to the papillary muscle ... papillary muscle will relax and those flaps will
open. Therefore, meaning that the papillary muscles, connected to the pointed ends of the flaps
will regulate. How does the structure of the valves affect their function. If so, how? It will affect
because in order for these valves to close and open, and the relaxation of the papillary muscles ...
then relaxation and contraction. And so the chordae will also regulate.

47. 1. Number five.
48. S. How will a defective mitral valve affect heart action?
49. 1. What are you looking for?
50. S. I want to see where it is located. (Reads the question again). This blood ... I want to see

whether this mitral valve is connected to which place. (He reads and can't find an explanation for
it). Like the atrium-ventricular valves the semilunar valves ... this word defective ...

51. 1. Do you understand the word?
52. S. It is not working.
53. 1. Ok, go onto the next question.
54. S. How would a high blood pressure affect the valvular action? They say the valves ... the

valves open and close in response to ... etc. So, the heart might be ... because there is a high blood
pressure. The heart is sort of affecting the opening and the closing of the valves due to the
pressure on the blood because of the contraction and relaxation of the heart. Therefore ... if there is
a high pressure the valves will be pushed open. Since when there is a high pressure ... (pages
back). I saw it same where. They say that blood move from the atria to the ventricle through open
AV valves ... when the pressure is low. Meaning that the pressure inside the ventricles created by
blood. So when there is a high blood pressure, mean there was a high pressure in the artery,
atrium? Because they say the ventricle pressure is low. Because they say that... the ventricular
pressure is low then the blood will move from the atria into the ventricle. When there is a high
blood pressure the valves will close.

55. 1. Ok. That is all. Thanks.

ANALYSIS OF PROTOCOL A9

L COGNITIVE WEAKNESSES
OUTPUT PHASE
1. His text processing was haphazard and lacked goal orientation. This resulted in "detailed reading" and
failure to assess the relevance of information within a holistic theme.
2. He was unable to differentiate between essential or relevant details and extraneous or irrelevant details.
(8, 16,26 and 33). In (26), for instance, his need to locate "the vein" was irrelevant to the context of the
arteries that emerge from the heart.
3. Displayed great difficulty in understanding the spatial concepts involved. His processing of the one
diagram he consulted (28-30) was ineffective.

ELABORATION PHASE
4. Objects and events were treated as independent entities - no attempt was made, or even considered, to
establish relationships.
5. There was little evidence of accessing relevant prior information or integrating different sources of
information. His deficiency in relevant prior information was especially evident in his inappropriate
questioning why the semilunar valve was not located between the aorta and the vein (33).
6. Displayed great difficulty in clarifying the comprehension problems he encountered (e.g. 16,26-28,37
and 39). He resorted to writing down those sentences that he considered difficult (28 and 37).
7. He displayed great difficulty in expressing himself and "think-through" his the reading task.
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OUTPUT PHASE
8. He communicated his information in a random unplanned manner, without careful consideration of the
question before him (42 and 47).
9. His conceptualisation of heart function was seriously flawed. For example, the removal of the valves
was incorrectly considered to cause the mixing of oxygenated and deoxygenated blood (44).
10. He displayed poor verbal fluency - manifested in repetition (20 and 22), prolonged pauses (20, 24
and 39), and the use ofimprecise words (2, 24,37 and 46).

n. COGNITIVE STRENGTHS
Il. He demonstrated the need for self-questioning - presumably in order to clarify his understanding (e.g.
10,12 and 20). However, he lacked appropriate strategies to follow through this action, with the result
that the questioning inevitably failed to lead to clarification of his comprehension difficulties.
12. He attempted to "talk-through" his understanding (e.g. 24 and 26), but little clarification of concepts
was generated.
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INTERVIEW PROTOCOL AIO

Topic: The chapter on the heart

1. I. I want to know how you would go about studying a chapter such as this one.
2. S. I have my text book and my class notes, and I will look at my class notes. Because the notes of

the class will be the ones that I concentrate most on.
3. I. How are you going to determine what is being covered in class.
4. S. I will go through all the topics, sometimes I don't get to write all the notes in class, but I write

the main important topics, because I usually study the textbook on my own and not only the
class notes.

5. I. Now if you say topics - where do you get the topics from - have they been pointed out to you
in class?

6. S. No, No. I have my own topics. Like for instance, the topic on the heart ... Uh ... if the lecturer
talks of the heart walls, I write down heart walls. Itmay not necessarily be the heart wall topic on
the text book - that's my topic that I've got.

7. I. So you get your cue from the lecturer?
8. S. Yes, I get my cue ...
9. I. Does the lecturer tell you ... "We are going to consider the heart wall?"
10. S. Uh ...
11. I. Or do you simply decide on your own.
12. S. I simply decide ... Jack', now this is a topic on its own ... the heart wall, and the lecturer might

go on and explain the composition of the heart ... and I say, okay, you also have to do the
composition of the heart wall. And what, how different is the heart wall from other organs walls.

13. I. If the lecturer provides headings do you take those headings?
14. S. Yes, I do take those headings as well, but if the lecturer provide headings that tend to limit me

as far as I use my class notes, because it might tend to lead me to concentrate only on those. But
then if! go home and use my method of study, looking at what has to be emphasised, then I also
want... on the prescribed text.

15. I. So here you are with your textbook.
16. S. Ok. Then the first that I usually do to encourage my speed oflearning, I look at the amount I

have to study.
17. I. Ok. So you are looking at the number of pages ...
18. S. The number of pages ... I tell myself ... I tell myself it is about from pages 590 to 622. So I

might need more than three hours to fully understand this.
19. I. How do you estimate this?
20. S. Uh ... Four pages per hour. Because then I... the diagrams ... then I know I only have to go back

and read for the test or examination ... After determining the number of pages, I set a pace for
myself, and I have adequate time. Then I look at. .. before I start reading I look at the diagrams
that I may have to do...

21. I. You're paging through the diagrams ...
22. S. I'm paging through the diagrams ... and, and ...
23. I. What about the diagrams are you looking at?
24. S. This is just to get me in the mood of studying. Sometimes the diagram may be interesting and

I might just stop and look at this ... the anatomical aspects of the heart here ...
25. I. Ifyou say interesting, how do you gauge "interestingness" from the diagrams?
26. S. Interesting diagrams ...

SThis is is not the real name of the subject.
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26. S. Interesting diagrams ...
27. I. Can you point out interesting diagrams?
28. S. Yes, diagrams which differ from diagrams I've experienced in text books. The usual text book

which has a diagram like this one ...
29. I. You're pointing to page 594.
30. S. Yes, it is interesting that the text book includes a more real diagram ...
31. I. Do you mean photographs?
32. S. Photographs and diagrams. And just looking at it I can compare how the real diagram looks ...

compares to the drawn out diagram.
33. I. That is page 596 (Fig. 20.3). .. photograph and diagram. Are you comparing them?
34. S. Yes, I am comparing them.
35. I. Why do you compare it?
36. S. Because I realised that in most cases the diagrams here in the text book. .. Ifl look at the

picture of the organ, it might not look the same. For instance, I saw a structure of a kidney from
the plastic model, and compared it with the drawn diagram in the text. It looked definitely
differently.

37. I. If you say different, how different?
38. S. The drawn ones looked more fixed ... its like a concrete thing ... Its some structure that is on the

text book. Now this one (the photograph) gives a real picture now, this I can use to understand
and this I use to imagine in my ..[...].

39. I. So you need the photograph for understanding?
40. S. And then after I've read and seen all the diagrams, and I go back and I start working (He pages

back).
41. I. You are now going back to the first page.
42. S. And usually I read on the introduction just to get the feel of what is going on.
43. I. If you say you "get the feel", what do you mean?
44. S. What the chapter is talking about, and what I do to prepare myself to think about... Do I have

to think about a particular part of the heart, or I am looking at the whole function of the heart?
Now reading this introduction, ru determine what this chapter on the heart is talking about. Then
I go on ... "The heart is the centre of the CVS ... Whereas the term cardio refers to the heart, the
term vascular refers to blood vessels or an abundant blood supply." Uh ... that on its own, if! read
this paragraph, and I ask myself "Jack, can you relate this paragraph ... just these few sentences to
what you've learned in class". Or the whole concept of what the heart is an uh ... the CVS ... then I
can just divide the CVS into two words like they have divided it here. Without... [...] getting the
definition correctly ... but just dividing it like the rest of the others. Then I continue reading and go
back and analyse it bit by bit.

45. I. Ok. Now if you say you continue from this introduction, I'm not going to expect you to, unless
you insist, to actually focus on details.

46. S. Ok.
47. I. I want you to explain how you study a chapter. Certainly you have done the introduction.
48. S. I've done the introduction ... and the text book on its own highlights its topics. After reading

the introduction I can just page again and go look at how the topics flow from the "location" and
"size of the heart" and the "pericardium", "the heart wall". Then it goes to the chambers of the
heart and "blood flow". I can stop here ... Let's look at the outside covering of the heart, then goes
inside the chambers of the heart, then from there it does not only leave it goes on to include how
blood flows inside the heart, then it goes to look at the valves of the heart and concentrates on the
types of valves, and uh ... the heart blood supply and the conduction system ... the pace maker.
Right. .. and I know it is not only a chapter on only the walls of the heart. It is not looking at the
content. And now I can start gearing myself to the detail, because lknow what it is all about. And
at the same time I'm telling myself Jack, you are wasting time, urging to go and I'm now really in
the mood to sit down and grasp as much information ...
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49. I. Ok. So you are back now at the first page and you are going to start at the first heading or as
you say the topic and you are going to try and understand. There is nothing also that you need to
look at? That is you are going to understand the location and size, when you are done with that
you're going to do the pericardium, then go on to the heart wall ...

50. S. But now, what these diagrams does to me in mind it has created an feeling of inside that I'm in
the position to see the heart, I can look at it in a realistic picture from the photograph at the same
time I can concentrate on the concrete drawn diagram. So that if! am going to go through all of
this with the topics that I'm going through I'm looking at the location and knowing I'm going to
look at it from the outside. And just going to cut open ... view it where it is located. As I move
along. So when I look at it each paragraph or topic, I will have to go back again to the diagram
and ensure [...] and recall it where I am. And I look at the pericardium and I read and I go to on to
here now.

51. I. Ok. Can I ask you if you ... Or first tell me ... that is now how you are going to go from here to
the ten pages?

52. S. Yes.
53. I. So that is your approach? Taking a heading at a time? And relating that heading to the

drawings?
54. S. Yes, taking a heading at a time. At the same time, because I've also looked at the flow, I also

look at if I'm now at the heart wall, I'll go back and say now what is the heart wall in relation to
location and size of the heart. Is there a relationship perhaps?

55. I. You do this for every new heading?
56. S. Yes, to get the sequence and compare it with that and the difference and all that. Which is

sometimes a problem with my ... [...] You are going too slow ... you won't finish on time.
57. I. You feel that you want to get to page ten.
58. S. Yes, I feel I want to get to page ten, but at the same time I say, "Jack, ... [...] rather walk

slowly by the time you get to page ten, you'll understand everything here".
59. I. Tell me, are all the headings equally important to you? Is that your approach?
60. S. Uh ... that depends on time and aspect of understanding. If I'm going to look at, say for

instance the heart wall, the heart ... [...] as is ... Yes, every little heading might be important... ru
read it to decide how important it is.lfI read and say for e.g. on "location" and "size of the heart",
I'll decide, "No this is information that I have already ... I can just read it and write down a few
lines on it. I will just quickly go through it and go slowly on the ones that I feel are important."

61. I. So you determine importance according to how much you know of it al ready?
62. S. Yes.
63. I. So iflocation or size of the heart has been dealt with previously ... biology or matric ... it may

not be too important... or do you want to tell me that you are not going to spent too much time on
it.

64. S. No, I'm not going to spend too much time on it. Because I have already acquired that
knowledge ... [...]. Just read through and go over something else again. Again important will be
after I've completed doing everything like writing the notes down, I'll go back and decided for my
purposes, to relate this to the function of my body. I might look what I'm thinking might be
important for my knowledge. Then ru come to the point - what is important for the exam, then I
go back and look at the item. This is things that have been emphasised in class. It is then that I go
back and compare my work with class notes and read my class notes and the notes I've done
myself.

65. I. You have two sets of notes. Why do you need a second set of notes?
66. S. The second set is notes ... the ones that I do for myself are the ones I will understand. Will be

easy to remember and when I for instance look at a particular aspect of the work, I do my own .
analogies and my own little diagrams. These are the ones I can go back and like look at it in ten
minutes time if I'm late and go through it quickly and remember my work. Unlike those that I've
taken in class. Uh ... may not be as detailed as the ones that I've taken in class.
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67. 1. Which are the notes that you are going to study for the end of year exams?
68. S. Exams [...] ... My notes ... from the text book.
69. I. How much of your class notes do you actually use?
70. S. 10% ...
71. 1. Which aspects of the class notes are important?
72. S. To me class notes just indicate what I have to understand fully ...
73. I. Key concepts? Not content?
74. S. Not content.
75. 1. So you reckon that you rely on the text for content, but your class notes give you headings or

topics?
76. S. Yes.
77. 1. What is the purpose of this chapter?
78. S. Without reading it first? The introduction ... explains to me what this chapter should ... But I

expect that this chapter should relate this heart to its function. And tell me what the heart is all
about. It helps me along to divide all the work. .. particular topics. So Ican read and say the
pericardium what is it about the pericardium that it says ... and how much is it going to add to
what Ihave and how much new information am Igoing to get from the text book. But then that
is also determined once Ihave done my notes and gone ... [...] its answering my question. And if
what Iexpected to get from the text book, is not there, then Igo to my class notes again to find
what has been done. Iwill also go for consultation. But that comes after the chapter has answered
my questions on what...

79. 1. Now when you consider that you have adequately studied the chapter?
80. S. Uh ... Uh ... well yes time sometimes does contribute to it, but what is mostly ... What I do

personally, Iput stickers in the text book with notes "scaring notes" ... PAUSE.
81. 1. You have not completed this last page. Do you think it is going to help your understanding of

the work?
82. S. Yes, sometimes Ido get worried about it. Imight have to add some other time to rereading the

whole thing. Sometimes, Imay take two or three more days before Iget back to work. ..
83. 1. Ifyou consider these 10pages what does the entire chapter offer you in terms of study?
84. S. No. What does make this text book very interesting is that as I page through it when I get to

a page like this one ... 610 (A flow diagram of "Factors that increase cardiac output") ... indicating
how the little part of the body or the heart contribute to the overall action of the human body.
Then that also keeps me in a way of increasing my pace [ ] to go and learn what then happens
at the end of the day in the body. And also disorder ...[...] .

85. 1. What do you do with that?
86. S. This to me. With my experience in class ... this will be for my knowledge and not for exam

purposes. So after I've completed studying, going through the disorders ... [...]. Why have certain
things ... that Icould not understand. Now Ilink most of this information with what Idid not
understand in the past. So, what this chapter will offer me apart from being able to answer
question in the test or the exam, I'll answer that questions in my mind. Like why certain things
happened ...

87. 1. What about the study outlines? Do you ever look at it?
88. S. Uh ... the study outline ... No, I... not in most instances. What I may look at the end of the

chapter is the review question and the answer to questions that they have.
89. 1. What do you do ... Do you just read through it, do you actually attempt to answer?
90. S. Iattempt the question. And this is the method that Iuse studying the day before the exams.
91. 1. Ok. So, Irevise questions are just before exams.
92. S. But at the same time Ishould not say only for the exam because, Iwas studying last night for

a test two weeks time, but after completing a section, Iwent to look at possible answers - looked
at questions that might be possible from that.

93. 1. With that would you say you have concluded the study of the chapter.
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94. S. No, I'm never too sure that I've done the chapter well ...
95. I. At what point do you leave it?
96. S. Time ... time like comes and determines what time do I leave a chapter.
97. I. Are you saying that you are never sure that you've covered a chapter adequately?
98. S. Yes. I'm ... that's what I do.
99. I. This approach of yours, do you adhere to it 100% of the time or 50% or 90% of the time?
100. S. 92% of the time.
101. I. You have an organised approach ... you don't just sit and browse through the book?
102. S. No.

ANALYSIS OF PROTOCOL AIO

L COGNITIVE WEAKNESSES
INPUT PHASE
1. He displayed a distorted idea of systematic information gathering. Although he displayed a need to
identify the topic for learning (12), his focus was on pacing himself(16-20), reflecting on the diagrams to
"get me in the mood for studying" (24), and reflecting on the "interestingness" of the diagrams (24-36).
He stressed the importance to "get the feel" of what the text was about (42-44).

ELABORATION PHASE
2. He displayed a strictly linear approach to the chapter content (48 and 54) without discriminating
between levels of importance oftext elements, or contextualising the different headings (60). Although he
realised the necessity to establish the importance of particular headings (60), he failed to display effective
strategies to achieve this. He lacked the skill to research and extract information even though the need
existed.
3. His approach to solving comprehension problems was passive. E.g. in (58) he stated "rather walk
slow, by the time you get to page ten, you'll understand everything there", and understanding was
determined by what he knew already (60) and what had been emphasised in the class (66). Time spent at
task was also considered an important factor (96).
4. He realised the need to use diagrams to facilitate visual thinking (50).
5. He realised the need to relate items to a wider context (44) but there was no evidence of appropriate
cognitive strategies to meet this need.
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APPENDIX F

INTERVENTION MATERIALS FOR THRIFT

(Thinking and Reading Improvement From Text)

INTRODUcnON
True independence as a learner can only be accomplished ifone can comprehend textually presented
material. Understanding and learning from science text is also essential in order to supplement lectures.

However, learning from science text is often difficult for several reasons:
1. Science learning demands thinking skills quite unlike those demanded by other subject areas.
2. Scientific text is written in an unfamiliar genre (it does not follow a story-telling mode).
3. Students are seldom taught how to process (read to learn) science text.

Reading science text is similar to solving a mathematical problem. This implies that efficient
comprehension requires a problem-solving approach, and problem-solving or thinking abilities on the
part of the reader.

Before readers can apply appropriate problem-solving skills to their reading, they need to
understand the problem situation. This involves a) an understanding of the nature of the reading
science/physiology), and b) the realisation that competency at scientific/physiological comprehension
demands the active involvement of the reader, involves more than memorisation- it involves the
construction ofmeaning (i.e. making meaning), involves conceptual change, and requires conscious
awareness of and application of specific thinking abilities and strategies.

This programme aims to teach students how to comprehend physiological concepts from text. It
involves instruction in the necessary knowledge about learning from science text, and the cultivation of
the thinking processes involved in efficient comprehension.

Box Fl. OUTLINE OF THE THRIFT PROGRAMME

THRIFT

I I
Text Processing

I I
Postreading

I
Learning & Science Text

I
Text Organisation

I
Prereading Reading

I
Demand

I
I

Science

I
Chapter

I
Passages
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• Preponderance of science vocabulary vs. general vocabulary (many scientific terms and some
have meanings for science which differ from that used in general);

• Long, complex sentences (often contain more than one concept);
• Linear organisation of information (text does not indicate how sequentially arranged units of

information relate to one another);
• Inclusion of symbols and formulas (present entities and the rules of their relationships in

symbolic representations);
• Extensive use of graphic aids (demonstrate, describe, or explain something or clarify

relationships between parts of a whole - must be interpreted).
• High level of abstraction (deals mainly with unobservable things);
• Expository writing style (not in narrative/story-telling mode).

PHASE I: LEARNING AND PHYSIOLOGY (SCIENCE) TEXT
In this phase students will be introduced to the nature oflearning science and the processing of
physiology/ science text.

1. Learning and reading science
The basic purpose oflearning science is to become scientifically literate. In physiology that is to
understand the basic facts, concepts, principles, and procedures of physiology. However, in learning from
text, appropriate conceptual understanding must be acquired from an unfamiliar writing style for which
readers mayor may not have appropriate thinking skills.

Skills in science and skills in reading and learning overlap. Both involve designing
investigations, collecting and interpreting data, communicating results, and formulating conclusions.
Thus, instruction in reading comprehension enhances science achievement and vice versa. Further, since
thinking skills are specific to subject content, it makes sense to acquire higher level thinking skills while
learning subject matter.

2. Nature of physiology (science) text
Physiology text is expository (explanatory) in nature. The unfamiliar subject area and various
complicating features intrinsic to the text account for much of the difficulty students experience with it.
These features are summarised in Box F2.

Familiarisation with and attending to these textual features are important in eliciting effective
thinking and adopting appropriate strategies for comprehending physiology text.

Box F2. FEATUREsOF PHYSIOLOGY TEXT

3. Learning objectives
In order to execute any task successfully, one's actions must be directed toward achieving a particular
goal. In learning, such goals are formulated as learning objectives. They serve to guide students toward
achieving what is expected of them and what should be accomplished. .

Learning objectives demand different levels of comprehension. In this regard, students are
expected to
1. "Read the lines" (understanding accurately what is stated in the text),
2. "Read between the lines" (gaining understanding of tinstated information by drawing

conclusions), and
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3. "Read beyond the lines" (deriving meaning by constructing relationships between information in
the text and that in your prior knowledge).
Although textbooks often list examples of objectives, it is important to be mindful of, and

preferably concentrate on, the objectives specific to the course of study (see Box F3 for examples of
objectives for learning "The Heart").

• Relate the structure of the heart wall to the function of the heart.
• Describe the relationship between the structure and arrangement of the heart valves arid their

mechanism of action in controlling unidirectional movement of blood.
• Compare the structure, function, and mechanism of action of the two types of heart valves.
• Relate the features of the cardiac conduction system components to efficient heart function.
• Explain the EKG in terms of: what it represents/how it is obtained, its relationship with the

cardiac events, and its diagnostic importance.
• Distinguish between the cardioacceleratory centre and the cardioinhibitory centre with respect to

the regulation of heart rate.
• Differentiate between autonomic nervous and chemical control of heart function with respect to

the mechanisms involved and their significance. Outline the operation of each.
• Contrast each of the following conditions with the normal condition, relate them to their

respective causative factors, and explain the implicit physiological disadvantage presented by
each: coronary artery disease, cardiac arrhythmias (heart block, flutter, and fibrillation),
congestive heart failure, angina pectoris, myocardial infarction, abnormal heart sounds, syncope,
and atherosclerosis.

Box Fl. EXAMPLES OF OBJECTIVES

Students must be able to:

In addition to using course objectives for learning, readers can formulate their own. In this regard
the use of questioning to guide reading toward higher levels of thinking can be helpful. Examples of
question types that can facilitate this appear in Box F4.

• Memory: Recognising or recalling information.
What does the EKGrepresent?
Where is the mitral valve located?

• Translation: Express ideas in different forms (words to pictures, pictures to words, numbers to
graphs, etc.) or language (paraphrase).
In your own words, explain Starling's law of the heart.
Use the data in this blood pressure table to draw a graph to depict changes in systolic and
diastolic pressure before, during and after exercise.

• Interpretation: Constructing a generalisation that can be used for inferring the meaning of an

Box F4. QUESTIONS AT VARIOUS LEVELS OF THINKING

Applied to physiology (CVS) content
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event.
After standing for a prolonged period, the person fainted. Why?
(Construction of generalisation: Continuous blood flow to the brain is necessary for maintaining
consciousness).
(Observation: Prolonged standing caused blood to pool in lower extremities).
(Inference: Therefore, the blood supply to the brain was reduced, resulting in reduced
consciousness or fainting).

• Application: Use a given generalisation or concept to solve a problem.
Of what use is information about the heart sounds?

• Analysis: Dividing a problem into its several parts or following a procedure to separate a problem
into its constituent parts or following a procedure for arriving at an answer.
What homeostatic disorder(s) does cardiac arrhythmia represent? (Identify the different possible
causes of arrhythmias. Then discuss the resultant deviation in cardiac rhythm as a result of each
of the causes.

• Synthesis: Combining elements to make a whole which has its own properties.
How do the different components of the cardiac conduction system contribute to synchronous
heart contraction?

• Evaluation: Makingjudgements by applying criteria.
Which mechanism is more efficient at correcting blood pressure fluctuations caused by postural
changes - the baroreceptor reflex or chemical control? (Formulate criteria for efficiency:
sensitivity to change in blood pressure and rapidity of mechanism).

4. Cognitive demand of physiology text
Comprehending and learning physiology text not only demands knowledge of the characteristics of this
type of text but also requires of the reader to engage in specific thinking processes. The latter is needed
for strategic, active, goal-oriented comprehension and must be cultivated and applied in reading
comprehension tasks.

Examples of such thinking processes are: accessing relevant existing knowledge, selecting
information relevant to the passage, building internal connections among the elements selected from the
passage, and building external connections between elements selected from the passage and existing
knowledge.

Since these thinking processes are usually acquired in an incidental fashion, this programme aims
to explicitly teach those thinking processes needed to understand physiology when learning from a text
book.

PHASE IT. TEXT ORGANISATION
Physiology text differs organisationally from other text genres (e.g. short stories, popular science
magazines i.e. literary writing). When readers do not know how text information is organised, or when
they are unaware of the underlying structure of text, they may treat it as a list offacts. Reading then tends
to be random, incohesive, compartmentalised, and conducive to memorisation.

Understanding the types of text organisation allows one to impose a pattern of connectedness, on
the available information. This is especially useful, if not essential, in constructing and understanding
physiological interactions and integration in the body.

Text can be viewed to be organised on two levels - at the level of the chapter and at the level of
the paragraph or passage.
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1. Organisation of chapters.
Texts usually have a plan for organising and presenting information within chapters. Unfortunately, one
of the main complicating features of physiology text, is that it is arranged sequentially under seemingly
unrelated headings. Since all the information in a particular chapter is related, the onus is on the reader to
establish relationships between information presented under different headings.

A useful strategy for representing physiological relationships between components of a chapter is
by means of a graphic organiser which shows the hierarchical organisation and the relationships between
different aspects presented in the chapter. Such a graphic organiser can help to unify concepts which may
initially seem unrelated, or even conflicting, into a more holistic meaning.

Box F5. GRAPffiC ORGANISER FOR CHAPTER. ON "THE HEART"
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2. Organisation of passages
Authors also use different styles of writing to portray or present physiological information and the
relationship or connection between the elements in paragraphs. Styles or relationships in physiology may
be one or a combination of the following: cause-effect, comparison, enumeration, description, sequence,
or problem-solution. With the aid of text structure knowledge, one is better able to select relevant
information and build internal connections.

The different text structure types found in physiology text can be visually presented by
corresponding graphic organisers. These are visual representations of the main ideas and their
interrelationships in passages. Each text structure found in physiology text can be visually presented by a
particular graphic organiser.

TEXTS STRUcruRE TYPES
(See pp.327-328 for the different graphic organisers).

i. SEQUENCE STRUCfURE

Definition: A passage in which a main topic is supported by details which must be presented in a specific
order to convey the correct meaning. (Describes a continuous series of events or the steps in a process.
Examples of sequences include changes as the result of growth, a biological process, steps in an
experiment or the evolution of some event.) .

Signal words: First, second, third, etc., then next, before, after, and finally.

Example passage: DIAPEDESIS
Most leukocytes possess, to some degree, the ability to migrate through the minute spaces between cells
that form the walls of capillaries and into connective and epithelial tissue. This movement through
capillary walls is called diapedesis. First, part of the cell membrane projects outward. Then the
cytoplasm and nucleus flow into the projection. Finally, the rest of the membrane snaps into place.
Another projection is made, and so on, until the cell has migrated to its destination (Tortora &
Anagnostakos, 1991 :445).

Question: Does it tell how something is to be done or proceeds?

Do ENUMERATIVE STRUCfURE

Definition: A passage which states a main topic and lists a series offacts, details or components
related to it to support the main topic. (List offacts one after another. There are two kinds of
enumeration passages: Specified - actually lists the facts by numbering them: Unspecified -lists facts in
paragraph form, with each fact stated in one or more sentences.)
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Signal words: First, second, third, etc., next, last and finally.

Example passages:
a) Specified enumerative. DIGESTIVE PROCESSES
The digestive system prepares food for consumption by the cells through five basic activities.
1. Ingestion. Taking food into the body (eating).
2. Movement offood. Passage offood along the gastrointestinal tract.
3. Digestion. The breakdown offood by both chemical and mechanical processes.
4. Absorption. The passage of digested food from the gastrointestinal tract into the cardiovascular

system and lymphatic systems for distribution to cells.
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5. Defecation. The elimination of indigestible substances from the gastrointestinal tract (Tortora &
Anagnostakos, 1991 :590).

b) Unspecified enumerative. SPINAL CHORD INJURY
Paralysis is the total loss of voluntary motor function that results from damage to nervous or muscle
tissue. Paralysis may be classified as follows: monoplegia, paralysis of one extremity only; diplegia,
paralysis of both upper or both lower extremities; paraplegia, paralysis of both lower extremities;
hemiplegia, paralysis of the upper extremity, trunk, and lower extremity on one side of the body; and
quadriplegia, paralysis of the two upper and two lower extremities (Tortora & Grabowski, 1993:401).

Question: Does it give a specific list of things that are related to the topic and tell about each?

m. CAUSATION STRUCI'URE

Definition: A passage in which events may be grouped or sequenced and causa/links are indicated
between the events.

Signal words: So, so that, because of: as a result of: since and in order to.

Example passage: HEART SOUNDS
The sound of the heartbeat comes primarily from turbulence in blood flow created by the closure of the
valves, not from the contraction of the heart muscle. The first sound, which can be described as the lubb
sound, is louder than that the second sound. The lubb is the sound created by the closure of the
atrioventricular valves soon after ventricular systole begins. The second sound, which is not as loud and
shorter than the first, can be described as a dupp sound. Dupp is the sound created as the semilunar
valves close towards the end of ventricular systole (Tortora & Anagnostakos, 1991 :474).

Question: Does it want to give reasons why something happens or exists?

IV. COMPARISON/CONTRAST STRUCI'URE

Definition: A passage in which two or more subjects are compared according to their likenesses and
differences on one or more attributes.

Signal words: Different from, same as, alike, similar to, resembles, compared to and unlike.

Example passage: FLAGELLA AND CILIA
Some body cells possess projections for moving the entire cell or for moving substances along the surface
of the cell. These projections contain cytoplasm and are bounded by the plasma membrane. If the
projections are few and long in proportion to the size of the cell, they are called t1ageUa. If the projections
are numerous and short, resembling many hairs, they are called cilia. In humans, ciliated cells of the
respiratory tract move mucus that has trapped foreign particles over the surface of the tissue (Tortora &
Anagnostakos, 1991:61).

Question: Does it give the similarities or differences between two or more topics?
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v. PROBLEM/SOLUTION STRUCfURE

Definition: A passage which states a problem, describes it, its causes, and the solutions.

Signal words: A problem is, a solution is and the problem is solved by.

Example passage: LOSS OF BODY WATER
A serious problem is the loss of body water frequently required by athletic coaches of wrestlers, boxers,
and judo contestants so that they will attain specified body weights. These specified weights are
considerably below the athletes' usual weights.

A solution to this problem is immediate dismissal by school boards of athletic coaches who
require loss of body water. This step must be taken due to the fact that the loss of body water impairs
cardio-vascular functioning limiting work capacity. More specifically, a loss of three percent of body
water impairs physiological performance and a loss offive percent results in heat exhaustion. Moreover,
a loss of seven percent of body water causes hallucinations. Losses of ten percent or more of body water
result in heat stroke, deep coma, and convulsions; ifnot treated, death will result (Meyer & Freedle,
1984:128).

Question: Does it state a problem related to the topic and offer some solutions?
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GRAPmc ORGANISERS DEPICI1NG VARIOUS EXPOSITORY TEXT PATTERNS
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PHASE m, GUIDED READING FOR ACTIVE COGNITIVE PROCESSING

This phase of the programme focuses on the thinking processes needed for strategic, active and purposeful
reading at a more local or specific (passage) level. It involves a "recipe" or guide, which when followed
and mastered, could facilitate comprehension of physiological events at different levels. At the same time
it aims to inculcate or teach those thinking processes necessary to be successful at reading to learn from
physiology text.

POST-READING
• Establish how this information connects or relates to what is already known (e.g. question

whether the information is supplemental, contradictory, or supportive to what was known
before).

• Establish an application for the information (e.g. question in what way normal body function
depends on this aspect).

• Reflect and evaluate the effect of your activities (e.g. question whether objectives have been met,
what new knowledge has been generated, what level of understanding has been achieved, and of
what usefulness is the information which has been constructed).

Box F6. PROBLEM-SOL VING STEPS TOWARD READING COMPREHENSION

PRE-READING
• Skim the passage.
• Establish the objectives for reading (e.g. to get background information to another section, or to

achieve a particular course objective).
• Assess the organisation of the chapter.
• Identify relevant prior knowledge (e.g. heart muscle histology, relevant anatomy).
• Determine what related information is available (e.g. diagrams, graphs, glossary, etc).

READING
• Organise information other than linearly (e.g. use graphic organisers to find an appropriate

representation of conceptual organisation and integration).
• Analyse terminology, phrases, and sentences (e.g. note and clarify unfamiliar terms, ensure that

each phrase and sentence contributes to understanding).
• Visualise the situation/event (e.g. consult graphic aids or construct your own).
• Coordinate information from all sources (e.g. ensure that all information - prior knowledge,

graphic aids - are cohesive, consistent and supplemental and supportive).
• Monitor, Control, and Evaluate comprehension (e.g. question whether comprehension is taking

place, and ifnot, why not).
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APPENDIX G

COMPUTER-BASED INTERVENTION MATERIALS FOR EXPOSITORY TEXT

ORGANISATION

The following represents successive screen displays of the interactive computer programme.
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~oward ~....end of' u.n~icul.r
•..,."tole.

Causation ...

DeterMine the structure
text below ~nd ans~er
Mul~iple choice question.
HEART SOUNDS
Th. .ound or ~h. hear~be.~ 00....
p~i".~il~ r~O" ~u~bul.no. inblood ,.low cre.~.d b~ ~h. clo.ur.
or ~h. ualu.5. no~ "ro..~h.
con~rac~ion or ~he h.art ..uscl•.
Th. rir.t .ound. which c.n b.
d••crib.d a. ~h. LUBB .ound. i.
louder than ~h••• cond .ound. Th.
lubb i. "the.ound cr••ted by ~h.
clo.ure or the a~riouen~ricular
u.lue•• oon .r~er uentricular
•~.tol. b.gin •. The .econd .ound.
which i. no~ a. loud and .hor~er
~han the "ir.~. can b. de.cribed
•• a DUPP .ound. Dupp i. ~he
.ound cr.a~ed a. the ....ilun.r
ualue. elo•• ~ow.rd the end or
u.n~ricular .....~ol•.(Tor~or. and Rn.gno.t.ko.,1991)

~lhich of the following describes a
causal text structure?

I~ ~~a~~ ~ prcol~M rel~~~d te ~h~
-top ic and Orre.!r-'!-l S-OMfI so h..,t ion .

4. l·t '!J i ",",-,-A rwa8tJn~:. ;":!":. SfJ,.,ff: -toh.i rl~;
hnpp~ns ar ~xt~T~ .

S • J "t'tell:w. how ~oM...,-th ing f. Zo 1:0 be dot'lf'!'
oV" Pf""oceoffd~.

r--"I ,

L...J
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Sequence ...

Sequence ...

Definition
Sisnal words

~ .
Graphic orgamser
Exercise
Review

IDefinitionl
Signal words
Graphic organiser
Exercise
Review

R pasSage in ~icb a nain topic is
c:llmtnrill2lf by details &!hich nust be
presented in a specific order to
convey 'the carrect neaning •.
;:-p.......,..,.._.-t _ ___.- ,-tt...., _., lo., -1
~. CU5PI""" cHIP- M>i~.'
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Seqllence. · .

Sequence . · .

Definition
ISignal words 1
Graphic organiser
Exercise
Review

Then, rrext, before,
after and finally ..

Definition
Signal words
!Graphic organiser'
Exercise
·Revie"v

Descl'ibes i cootirAJOU'S C«'lWCted SEl'i@s
of e"-*lts 01' the steps in i process. '
Ix_les of sequences include changes.
as the -result of grawth4 • biological
process4 steps in in I!XPeriMnt or 'the
evolution of sane etJent.
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Definition
Signal words

-----~-----.-,-l Graphic organiser
,
Exercise

,tReviewl
I
I

Most l.ucocvt.. po..... ~ ~a .0"_ I
devr.e. the abili~ to "igrate :through the "inut. spac.s b.tw •.nf
t~ c.lls that rom ~ wall. or : 1.
capill~ri .. and into conn.ctiv. i
and .Pith.lial ti.su.. Thi. I
"ou.".nt throuah cAPillarv wall. ~.
i. call.d DIAPEDESIS. First. part!or the c.ll .......bran. pro.j..:"t. i
cutwa ..d. Th.n the C\ltopla." and ,
nucl.u. rlow in"to "the pro.j.c"tion." 3.
Finally. the ....t or the "."bran •
•nap. UP into plac •. Rno"th.r !
p~o~.otion i. "_de_ and so on_ I~·
until the c.ll ha. "lgrated to !
its destination. i" s . .11. t·fr1tl1~~h.. 't: Wt'"ftI't:h.~n.;; ~s.

!
:...._-----------------~

Sequence • • • Definition
Signal words
Graphic organiser
IExercise i
Review

Link the sentences below in order
of sequence:
7. DIAPEDESIS
2. Mo.t l.ucocyt •• po•••••• to

.on. d.a ..... the ability to
"iarate through the "inute.pac.s b.tw ••n the c.lls that
rOr" the wall. or capillari ••
and into conn.ctiv. and
.pith.lial ti••u•.

3. Fir.t. part or the c.ll
"_"braneP~o~.o~.ou~w.~d.

~. Thi. "ov.n.nt throuahcapillary wall. i. call.d
DIAPEDESIS.

5. Finally. the ....t or th.
"."bran •• nap. UP into plac •.

S. Th.n th. cytopla.n and nucl.u.
'low into the p..o.j.ction.

1. Anoth.r pro.jeotion i. nad••
and .0 on. until the c.ll ha.
"iv.-at.d to i"t.d•• tination.

Type the nUMber of the sentence
appropriate boxes:
lapie
event 1

in the

Sequence ...

DeterMine the structur~ of the
te~t belo~ and answer the
Multiple choice question.
DIAPEDESIS

'--'--,
event 2 ~._!

event 3 ~-~--
ewnt ~ ~

event 5 :---:
U

event S ~_'_'

~hich of the following describes a
sequential text structure?

J t t~ll '"hu .. ;J;OMOUl1'\9 i1> ti.> b", dcn~
0"" p",c4IPftd!&.

11:9iu_ li> «p",eH'ic 11!lt. ol', thinogs
~~~ Are ~.lD~.d ~o tho ~opiQ ana
~~ll~ ~ou1: ~Dch.
lot 9j~ "'''''''SI.1~ 1ooIh", sl')",,,,,·l·h.irl~
hWPPff"Tl~ ur W''K i !I\ ot? .

'lot 1I"tm t.~ DI pr'Ob Jer" ,.., 1a~.,c 'to -:"~tt
"tQ'Pi.c ~nd o'*..f ....r-~ ~C"Cl' lJio.1:..:tion~ •.

..----
i :, ,
~
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Problem / Solution ...

Definition
Signal words
Graphic organiser
Exercise
Review

Problem / Solution

IDefinition I
Signal words
Graphic organiser
Exercise
Review
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Problem / Solution ...

Definition
ISignal words I
Graphic organiser
Exercise
Review A problem is,

a solution is &
the problem is
solved by.

Problem / Solution ...

Topic

I
PY-obl ...
su""'_"1;

I
PY-obl ...
dRtaBs

I I I
_sibl. _sibl. _~ibll!so lu1:iClr1 solu1:iClr1 solu1:iClr1

1
Insw·l
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Problem / Solution •••
I Group the sentences be low to I

I! state a probleM and solution: !, !I LOSS OF BODY !.lATER ,
i,

11- Hor. SPeCirioall~. a 10•• or ,
3:11;of" bod." wa't.r iPOPai .... 1

I ph4Jsiol09ioal _rlo ....ano. and i
a l~. or g ~l't. in hea1: !

12.
• ..n-.s'tion. 1 Type the nuMber of the sentence in the,
R .01u1:ion 'to thi. probl~ i~

, appropriate boxes:
I

i~i.'t~ di."hl_l bv .chOOl I
board. of" a'thl.1:io ~ who I...-.qui,... lo•• or bod~ wa1:.r . 0, Topic,
Los._ or 'tttn _rottn't 0" ..a,... !i 3., or bod." wa't... ..-..u11: in hea't i, I 0

I
.1:Y"01<•• d_ 00ftA. and Problen statenentCon\.IU 1. i ons.: ir no1: ~.'t.cl. Id•• th will ..-..u11:. 0, 1 Prablefl detai Is1.04. TheS. SPeQiri.cl w.ivh1: ... ,... ,

1 oonsiclerabl." bel.,... 'the I 0Is . • -tt:ol.1:_· u_I w.ivn1: •. possible solution
R _rious probl~ i. 'tt.. los. 0, of" bocIv wa1:... f".--n1:I~ possible solutionI .,...qu1..-.c1 bv .thl.1:ic ~

I
of" ....... 1:1...... bo,....... and Judo 0oon1:_1:an1: •• 0 _1: 1:hev will

I
possible solution.1:1:.in .~iri.cl bodw weivh1:••, 0IS. Thi •• 1:_ ..... 't be 'takttn due 1:0 answer

i 'tt.. rao1: 1:ha1: ~ los. of" bodw
1 ... 1:.r i .... ai_ oardio-v~la .. I
1

r ...... 1:ioni~ li"i1:i~ work

I
a.p ... 1'tv. I

1
7
.

Ho.-.oU.r. a los. of" 7:11; of" bocIv ,
wa1:.r .......... halluai ... 1:i....... I

Problem / Solution
Detemine the structure of the
text below and answer the

InultjPle choice question.
LOSS OF BODY ~ATER '

i

R •• rious probl~ i. th. 10•• of" II'
bod." w.1:.r r.-.qu.n1:1." .-.qui..-.cl bv
.1:hl.1:ic coaoh •• ol"' w,....1:1...... I,
bo,....... and Judo oon't_1:.nt. SO '
'tha1: 1:"-':01 wi Il .1:1:.in ...... if"irl00d ,i
bod." w.ivh1: •. T~ •• ~iri.cl
w.ivh1: •• r. oon.ider.bl." below i
~ .1:hl.1:_· usual ... ivht.. I

!,,

I
I
i
I

R solution 1:0 thi. probl~ 1.
i~i.1:. di."i._l b." .ohool
board. or .1:hl.1:io oo-a~ who
r_ui .... los. of" bodw wa1:.... Thi.
.1:__ 1: beo 1:.kttn du. to 'the
f" 1: 'tha1: 1:t.. lo •• of" bodv _1: ...
i i .... oardio-vasoular f"unotion-
inv 1i" i 1:inv work oap-a i'tv. Hor.
...... il"'ioall." •• 1_. ol"' 3:11; of"
body wat.,.. i"p.i .... ~iol09ioal
_Y"f"o.-..ano. and a 1.... of" S:II;
"'_ul1:. in he.1: .Mhaus1:ion.
"o,..._ .... l_s of" 7:11; of" bocI<.I
wat ... cau._ hallucination •.Los._ of" ies 0.. "0"" ol"' bod."
wat_ .. ....su11: in he.1: .1:1-01<_. d_
o~ •• and convul.ion.; if" no1:
tr..t.cl. d•• th will .....u11: (1"1.." ...
and F,..eedl., 1984).

•••

~hich of the following describes a
probleM/solution text structure?
1. 11: gives 1:h. si"il .... 11:i.s o~

dirr.r.nc•• b.~w••n 2 or "or.
'topia •..

2. 11: 1:_11s wh.1: so"_1:hing i •.

3. 11: give. ~••• on. wh~ So".thing
h.pp.ns o~ .xist •.

~. 11: 1:.11s how so"_1:hing i. 1:0 b.
don. or proc••d~ .

s. 11: s1:~t ••• p"oble" ... l.t.d to 1:he
1:opic .nd of"r.... SO"_ solu1:ions.
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APPENDIX H

INTERVIEW PROTOCOLS AND ANALYSES' (Chapter 5)

INTERVIEW PROTOCOL Bl .

Topic: The heart valves

1. I. Please read the passage as I've explained to you.
2. S. I would first just like to read through. (She reads through the passage once - according to her

to see what the passage is about. During this first reading she reflects at times on what she's
known before. She also uses the first reading to familiarise herself with the location of the valves,
by considering the available figures. At times she however, tends to focus on some of the detailed
information such as wanting to sort out the attachment of the semilunar valves to the arterial
walls).

3. I. Ok, that was your first reading?
4. S. Ok, now first of all, I've read and identified the figures and tried to imagine where the valves

are situated. Ok. My objective in reading this passage is to see how the valves work and where
they are located, and how, what they look like.

5. I. Ok, so you determined your objective? Remember you are free to consult the instructional
materials.

6. S. Ok, I've got my objectives for the text. The next one is determine the textpattern - oh no, to
fit where it fits in with the chapter overview.

7. I. So, where does it fit into the chapter?
8. S. I think I should look at the graphic organiser for the chapter. (She pages to the graphic

organiser in the instruction materials). Here it is - one of the main components of getting
knowledge of how the heart works. So, the valves are very important there. I'm now going back
to my problem-solving steps - Identify prior knowledge. Now I've done some of it during the
passage ... Uh ... Ok, and I've used my relative [...] information like diagrams that I looked at. Ok,
I've already have a purpose, and now I must look at linear ... uh ... uh... other... a organisation
other than linear. (All this time she is consulting the prescribed problem-solving steps).

9. I. Ok, you're doing fine.
10. S. Ok ... Ok, I'll just going back to the first part of my passage ... Uh ... PAUSE.
Il. I. What are you thinking?
12. S. I'm trying to decide on what kind of organisation I should use ... PAUSE ... I can either use

descriptive ... Ok, of the valves, or I can ... what I can do is I can even ... I can even contrast... and ...
what is the other one ... (She pages to the types of graphic organisers). Compare and contrast,
between the atrioventricular valves and the semilunar valves.

13. I. Have you now decided on the organisation?
14. S. I think I'm going to do them one at a time. PAUSE. Or perhaps organise the whole thing

(passage).
15. I. Ok.
16. S. Yes, my topic will be the valves of the heart (she writes that down). Uh ... I'm trying to find an

6

a) The same conventions used in Appendix Efor the interviewprotocols and analyses
thereof apply here.

bj Copies of subjects' notes made during the interview appear after the analyses.
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organiser that will ... Ok. .. I think the ... my best way to go will be ... uh ... if! do an overview ... just
of the whole passage ... uh ... I think I should use ... uh ... I think I should use enumerative ... that
would do ...

17. I. Why would you do that?
18. S. The valves of the heart do consist not of only one ... not just one sort of valve ... different kinds

of valve ... and they are all composed ... they are all part of the valves of the heart.
19. I. Good.
20. S. I'm paging through my... (the instruction sheets). .. here (opens at the enumerative organiser) ...

to give me an idea how I should do this. Ok, first I can do is ... uh ... I've got my topic ... It's the
valves of the heart ...

21. I. Please use an ink pen ... I may need to photocopy your notes.
22. S. (Writes "The valves of the heart"). Maybe if I look at the topic ... I might just write some ...

some short notes on topic to know what it is about.
23. I. How are you going to do that?
24. S. I want to write to do it in a short way ... Uh ... I think I should do my descriptive organiser.
25. I. Ok.
26. S. Uh ... ok. .. for the descriptive I have ... valves of the heart ... still the same topic ... what I have ...

uh ... (She reads the first paragraph again).
27. I. What are you looking for now?
28. S. Ok. I can't say I'm looking for relevant information because it is all relevant. Uh ... PAUSE.

(She rereads paragraph 1). Ok. The valves prevent... one main function is that they prevent the
backflowof.. (she writes that as one aspect about the valves). And now, the valves are composed
of dense connective tissue.

29. I. You've decided to organise that information?
30. S. Yes. (She continues her organiser - see her notes below). So, here I have function ...
31. I. What else have you written there? /
32. S. Here I have function ... composition ... dense connective tissue. (She constantly scrutinises the

text). Valves open and close in response to pressure changes as the heart contracts and
relaxes. Ok. .. now I just need to know under what ican put that.

33. I. You're not sure what to do with that information?
34. S. It is affected by pressure changes ... Yes.
35. I. Ok.
36. S. (She enters it on the graphic organiser as "press. changes open/close heart"). Ok. That has

already been done ... pressure changes. Ok, now I need more details about what I've written ...
about what I've written here. Ok. Composition of the heart ... I do not have much details on the
composition of the heart. What I have ... what is important I've already put in there. Ok. Blood
prevents backflow. What I can see... What I can do is see how it prevent back flow ...

37. I. What are you going to do now?
38. S. If I look at... at the different types (of valves) ... PAUSE. That would be atrioventricular and

semilunar valves. If I do a broad overview of the text... I think I should do this ... just write the
main two ... (enters information of the two types on the graphic organiser). That is what I've
already got now.

39. I. What is that which you have there now?
40. S. This just give me broad overview of the main ... of the main aspects of the valves of the heart.

Ok. If I want to go into more details. I think I will go back to the types of the heart ... I think I will
do it from there. Try and see a organisation ... If I first take the first one I'm going to do ... I'm
going to do the AV-valves. Ok, now what I want to see... Ok, this I understand. If I take the
valves of the heart ... can I say I'm only working on the atrio-ventricular valve?

41. I. You may do it any way that is comfortable to you.
42. S. Ok, the valves of the heart (she considers her graphic organiser again). Ok, the main

components I want to do is the different types ... So, I'm going to do enumerative. That would be
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343

AV valves (writes these into the graphic organiser) and that would be the semilunar valves. Ok.
I'm trying to use abbreviations, not to write too much or spending too much time on writing. AV
valves ... Now I can look at them either together, or I can look at the organisation for whatever
valves underneath it.

43. I. What do you mean by "together?"
44. S. IfI do it together, I think I can still use the ... uh ... enumerative ...
45. I. What are you going to enumerate?
46. S. No, I said before, descriptive or compare (see 12). Now I have to figure out which one is the

best for me this time ... (She reads the second paragraph again slowly). Ok. I would more ... better
if! say the enumerative ... I will do them separately ... I will first start with the' atrioventricular
valve ... Ok. Atrioventricular valves lie between the atria and ventricles ... The right AV valve
between the right atrium and right ventricle is also called the tricuspid valve because it
consists of three cusps. The left AV valve between the left atrium and the left ventricle has two
cusps and is called the bicuspid valve. When an AV valve is open, the pointed ends of the cusps
project into the ventricle. All that is enumerated are the tricuspid and the bicuspid. (She enters
these on the graphic organiser). Ok the AV valve again consists of two types ... tricuspid and the
bicuspid. Ok. First of all I need to distinguish between the two ... so I can even use contrast and
compare ...

47. I. Ok. So are you going to organise the information in that way?
48. S. Yes.
49. I. What is your next step now?
50. S. Yes ... what is alike in them and how they differ.
51. I. Ok.
52. S. I'm just going back to my organiser again to see how I can formulate it. .. uh ... (pages to the

instructional sheet on graphic organisers). Ok. Compare, contrast. PAUSE ... Ok, the topic will
be ... tricuspid and bicuspid valves. Ok. First of all I need to see how they are alike. (Writes). Ok,
I'm just reading through my passage again. The right AV valve between the right atrium and
right ventricle is also called the tricuspid valve because it consists of three cusps. Ok, the first
thing it tells me ... tricuspid valves consists of three ... three :flaps. That means the bicuspid valve
consist of two. So, that can't be alike. I must look for something else ... that is different. Uh ...
(writes in organiser). I'd rather use the word :flaps... it is easier to remember. The bicuspid has
two :flaps (enters it in the graphic organiser). That is the first point of difference.

53. I. Ok.
54. S. The second point, I think, uh ... is the location ... Ok. The ... let me just see where it is located.

The left AV valve (reading now) between the ... the left will be the bicuspid. Tricuspid is located
between the right atrium and the ... I'm trying to visualise where it is located, while we're going
through it again. (pages over to look at the relevant diagrams). Secondly, they're different in
location. The tricuspid valve is located between the right atrium. (Writes). Ok. The left one will
be ... sorry the bicuspid located between left atria and ventricle. (Writes). Ok. Now, I'm also trying
to locate, in case I get confused later on ... I'm trying to relate it to some way that I can remember
it. So, you can sometimes get confused and not know which one is on which side. So, I think
most people are right handed, so that means that has more to do? So, that is the tricuspid on the
right side. The other one, people are left handed are less. So, that will not be so much ... it will
only be two. So, that is for me to remember it by. Ok. Uh ... Ok they both ... I'm just reading
through my passage again. Tendon-like fibrous cords called chordae tendinea ... the pointed
ends and undersurface to papillary muscles that are located on the inner surface of the
ventricles. Ok, I get confused, let me read through it again (Repeats the sentence - finds "chordae
tendineae" difficult to pronounce). Ok. Uh ... PAUSE.

55. I. .What is worrying you?
56. S. I wonder, that should be alike. Which means that they are both attached to the inner surface of

the ventricle. The ... the muscles ... the papillary muscles of each. PAUSE. (Enters that information
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into the graphic organiser). Ok, but in the same thing, in the same sentence, I can also state that
they have papillary muscles. Or a different point... Another similar thing (adds another common
feature on graphic organiser). Both are connected to ventricles by papillary muscles. Ok. Uh ... I'm
just looking through the passage again to see if there is anything, if there is anywhere ... Oh, here
is another one I did not mention ... it is the tendon-like fibrous chords - chordae tendinea ... so they
are both composed of chordae tendineae. I think I should mention that they are tendon fibrous
chords.

57. I. What are you looking at now?
58. S. I'm trying to see if there is anything else that I can compare or contrast... the next one

(paragraph) ... Blood moves from the atria into the ventricles through open AV valves when
ventricular pressure is low. Ok, I'm looking at my figure again (diagram of heart anatomy). Ok,
that is bicuspid ... ventricular pressure is low ... uh ... PAUSE. (She's reading and consulting the
diagram).

59. I. What are you reading now?
60. S. I'm reading now ... this would be ... I'm trying where I can put this in. I don't think this will go

under alike and different... under compare/contrast. Blood moves from the atria into the
ventricles through open AV valves when ventricular pressure is low. At this time the papillary
muscles are relaxed, and the chordae tendineae are slack. When the ventricles contract, the
pressure of the blood drives the cusps upward until the edges meet and close the opening. At
the same time, the papillary muscles are also contracting, pulling on and tightening the
chordae tendineae. This prevents the valve cusps for everting or swinging upward into the
atria. Ok, this will be alike ... they work basically on the same principle. I will write that under
alike. Ok. .. Ok. Let me read again. (Rereads). They both operate on the same principle. (Adds
point in graphic organiser). Can I now go back and go to the details and explain how they
explain on the same principle?

61. I. Ifyou want to. What do you have up until now?
62. S. Ok. Uh, from the start, I know the AV valves are divided into two main valves which are the

atrioventricular valves and the semilunar valves (she's talking through her graphic organiser). Ok,
and then the AV valve ... I'm only dealing here with the AV valve now ... I've chosen to compare
and contrast... there's two different AV valves ... Ok. .. I contrast them on the fact that ya ... the
flaps they have the tricuspid valves contain three flaps ... that is not alike ... and the bicuspid has
two flaps ... uh let me see. The tricuspid valves ... the second point I've contrasted them is
location. The tricuspid valve is located between the right atrium; and the right ventricle while the
bicuspid valve is located between the left atria and the left ventricle. Ok. And points that they are
alike is that they both have papillary muscles, which attach them to the associated, to the inner
surface of the associated ventricle. And both have tendon-like fibrous chords and third of all, they
both work on the same principle.

63. I. Good.
64. S. Now I would like to go to the semilunar valve.
65. I. Just leave that since we may run out of time, and try and finish the AV valves. Please continue.
66. S. (She refers back to her prescribed problem-solving steps). Ok. I've analysed terminology and

related it to something I know ... that is, tri means three and bi means two ... Visualise the
situation ... I've looked at my diagrams and I've looked imagined my own human heart how it
works. Ok, that I've done. Coordinate all information graphic aids ... ok, that has also been
met .. monitor and control ... question whether comprehension is taking place, ifnot, why. Ok. I
think comprehension has taken place.

67. I. Please tell me how you have done that.
68. S. Well, I went back to my graphic organiser and I talked it through.
69. I. Ok.
70. S. Establish how this connects or relates to what is already known. From my previous

knowledge ... Uh ... I will have to think about it. Establish application. PAUSE. I think it is
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important to prevent blood from backing into the system. Blood is coming into the heart, and
prevent blood from mixing.

71. I. Mixing of blood? What do you mean by that?
72. S. No, I mean, blood flowing back. Uh, if the blood ... it comes from the pulmonaries, it has to be

passed back to the body, and not back to the pulmonaries. Ok and uh ... just one direction of flow.
Otherwise not sufficient blood will be supplied to the body cells: The cells will suffer lack of
oxygen.

73. I. Ok.
74. S. Ok, that was application. Now, reflect and evaluate the effect of your activities - question

whether your objectives have been met. Ok, my objective was to know where, what the valves is
about, what the function is, what they look like, and if there are different types. Ok, my objective
has been met. And whether new knowledge has been generated. I've realised that the blood must
flow in one direction only in order to supply ... it relates to the previous point - application. So, it
is new knowledge ... Ididn't know how the valves worked and what they looked like. Ok, what
level of understanding ... Ican see it is a high level of understanding ... Idid not just take things
out of the text... Itried to make something ... to relate it to other things ... that's how it works.
What is the usefulness of the information. Ok. Useful information ... You read about people who
had their valves replaced ... you know now the reason why they had to ... why it has to be done. If
there is a leakage, the pressure in the ventricles ... when the AV valves closes, the pressure ...
blood will flow back So, that is why ... Ialso saw from this passage that you can put in artificial
valves ... in order to if the one ... if the current... if the patient's valve is not working, it can be
replaced ... artificial valves.

75. I.Are you done with your reading ... and understanding?
76. S. Yes.
77. I. Please answer these questions.
78. S. How do the heart valves contribute to the effective functioning of the heart? Ok, the heart

need to function effectively. Uh ... valves need to control the function of the heart effectively, as I
said, to prevent the backflow of the blood. So, that the blood can just flow to one direction. This
is done by the different shapes of the valves. Where the valves uh ... ya ... say when the pressure
decrease on the one side of the valve, pressure is low in the ventricle, causes the blood ... to move
through the valve but when the pressure on the other side is higher, it causes the valve to close
again. Explain the effect that removal of the heart valves will have on heart function? It
obviously will, Ithink the valves are very important in function of the heart, and removal of the
valves will cause the blood to move back. The blood which go to the tissues and the organs won't
have enough oxygen, and the blood won't be ... Won't sufficiently circulate through the body.
Does the structure of the valves affect their functioning? lfso, how? Ok, Ineed first to look at
the structure of the valves. Ok. You get the bicuspid and you get the tricuspid ... function ... Ifyou
look at it. The tricuspid valve are under more pressure, and a bigger area it has to cover, that is
why it needs three flaps.

79. I. Thank you, our time has run out.

ANALYSIS OF PROTOCOL Bl

INPUT PHASE
l. Displayed a systematic exploration of the learning situation - evident in: her clear goal formulation (4);
the recognition of available graphic aids (4); determination of the relationship between the passage and
the broader context (8); and consideration of the various sources of information e.g. chapter overview (8),
figures (54,58 and 66), and frequent rereading (10, 26, 40,54,56 and 58). .
2. Data gathering was well defined and accurate. This was apparent in the identification of relevant
diagrams (8 and 58), clarification ofunfarniliar terms (54 and 66), careful phrase and sentence analysis
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ELABORATION PHASE
5. Identified the main points concerning key aspects of heart valves as function (28), composition (32),
control (pressure changes) - (36), and types (38). This was facilitated by identifying the descriptive
pattern of the paragraph.
6. Having decided that two AV valve types were enumerated (46), she identified the "need to distinguish
between the two" (46), and successfully contrasted and compared the two by systematically extracting
relevant information in accordance with the pattern of the graphic organiser.
7. Comprehension was evaluated by "talking-through" her graphic organiser (62) which reflected
competency in organising information, establishing relationships between key elements, and comparative
thinking behaviour. Also, in reflecting on her activities (66), she checked on meeting her objective for
reading (74), and established that she constructed meaning and achieved a high level of understanding - "I
did not just take things out of the text... I tried to make something ... to relate it to other things ... " (74).
8. She displayed a broad mental field in her elaboration and reasoning that removal of valves will cause
backflow of blood, and consequently inadequate circulation to the rest of the body and a resultant oxygen
deficiency in tissues (78).

(46, 52, 54 and 56), and clarification of sentence content by regular rereading (26, 54 and 58).
3. Her consistent reference to figures to supplement available information illustrated a capacity to
consider more than one source of information. This also facilitated comprehension of the spatial
dimensions of concepts involved.
4. The need to organise the given information was realised early in her reading (8 and 12), and she
carefully embarked on this process which also indicted a need for planning behaviour.

OUTPUT PHASE
9. Information was communicated competently, completely and accurately - evident in her summary of
her understanding of the topic (62); the establishment of the application of the information (70); and her
response that valvular defects would result in oxygen deficiency (78).
10. Her responses to the questions were marked by appropriate reflective thinking (78).

OTHER
Il. Since she consistently referred to her instructional materials, she obviously did not internalise all the
problem solving prescriptions. She was however adept at recognising the different structural patterns
inherent to the text and at establishing meaningful relationships between the main elements.
12. Anecdotal evidence on the usefulness of the programme:

"The THRIFT programme has helped me to look at my work in context and not as individual
topics, thus relating the topic I am studying to work I have already done and know. Using the graphic
organisation, I am also able to see the possible questions that could be asked in exams or tests. In the past
I made the mistake of studying parrot-fashion and come exam time, I could not answer the questions they
asked, as I was not able to understand the work. Itwas also possible for me to apply this organisation to
my other subjects. I think that this organisation will also help me in answering assay-type questions in
(an) organised way and not just any fact that "pop" into my head. I am new (at) using tables, diagrams,
etc. when reading a text and this visualisation makes it easier for me to remember the work. In the
beginning, it took me quite some time identifying the text organisation but with practice it took less time
and it make your studying more interesting and it is easier to concentrate as you have to visualise what
you are reading."
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INTERVIEW PROTOCOL B2

Topic: Heart valves

1. I. When you are ready, please read the passage.
2. S. (She skims through the passage - occasionally reflecting on her prior knowledge. She also uses

her first reading to familiarise herself with the location of the structures). Ok. PAUSE.
3. I. Was that your initial reading?
4. S. Yes, so now we look at the pre-reading. I must establish the objective for reading ... what you

want to know or what you want to find outfrom this passage. Uh. What we want to know is
how ... the AV valve ... the how the valves of the heart work. The AV valve and the semilunar
valve.

5. I. Ok. That is your objective?
6. S. That is ... let me write that (enters as topic at the start of a graphic organiser). To determine

where the info fits in with the overall organisation of the chapter, .. (pages through instructional
materials to chapter graphic organiser). .. Uh ... PAUSE.

7. I. How does it fit in?
8. S. It is one of the component descriptions of the heart ... So we identified relevant prior

knowledge as the guide says ... of valves.
9. I. What did you identify?
10. S. That the valves ... probable that there is a left and right atrium and a left and right ventricle ...

Uh ... determine what related information is available. The diagrams in the passage ... I have
already looked at them. That one is available ... also that one and that one (points to Figs. 20.3
and 20.4). Ok. And now the reading ... You organise information other than linearly ... there must
be ... what do you call it now ... the pattern ... the organiser ... (She pages to the instructions on
organisers).

11. I. What are you doing now?
12. S. I'm just paging to the different organisers ... the different ones. So, now I'm reading again and

try to put it in ... into a suitable graphic organiser. As each chamber of the heart contracts, it
pushes a portion of blood into a ventricle or out of the heart through an artery. To prevent
backflow of blood, the heart has valves. PAUSE. These structures are composed of dense
connective tissue covered by endocardium. Valves open and close in response to pressure
changes as the heart contracts and relaxes. I suppose the heading ... I must first put that in
enumerative ... before I start I must look at the broad organisation.

13. I. Are you saying that the organisation of the entire passage is enumerative?
14. S. Ya. (She starts another graphic organiser with this information). So it will be the AV valves

and the semilunar valves ... Uh ... I still have problems to identify what is important to write down
and Ok. Let me go to the first paragraph. PAUSE. (Reads the first paragraph). It descriptive ...
Uh let me put this here (on the graphic organiser). (pages to the descriptive graphic organiser,
and then rereads the paragraph). The valve prevent backflow they open and close to pressure
changes ... contracts ... that it is composed of connective tissue So... (enters information into
graphic organiser - see her notes below). So backflow ... composition ... valve open and close in
response to pressure changes ... pressure changes ... cause ... here I must put detail... uh ... here by
composition I can say that it consist of dense connective tissue ... and ... the pressure changes open
and close the valves. Ok. I'm finished with that.

15. I. So, that was the first paragraph.
16. S. The atrioventricular valves lie between the atria and ventricles ... there that is again

descriptive. It tells us where the ventricles ... where we can find it. PAUSE (She scans paragraph
2 again). Let me see ... The right AVvalve between the right atrium and right ventricle is also
called the tricuspid valve because it consists oj three cusps. I'm looking at the diagram again ...
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The left AV valve between the left atrium and the left ventricle has two cusps and is called the
bicuspid valve. I would say that this is cause and effect... they're telling why it is called tricuspid
and bicuspid.

17. I. You say that is a cause and effect relationship.
18. S. Uh ... it is probably more descriptive. When an AV valve is open, the pointed ends of the

cusps project into the ventricle. Tendon-like fibrous cords called chordae tendinea the pointed
ends and undersurface to papillary muscles ... that are located on the inner surface of the
ventricles. PAUSE. They mention where you find the valves ... they mention what they are called
depending on where they are found ... two kinds of valve ... enumerative ... PAUSE (Writes "AV
valves" and "SL valves" on graphic organiser). There are two kinds. They discuss where they are
found ... and when an AV valve is open, the pointed ends of the cusps project into the ventricle.
Tendon-like fibrous cords called chordae tendinea the pointed ends and undersurface to
papillary muscles that are located on the inner surface of the ventricles ... now they are talking
about the chordae tendinea and papillary muscles parts of the valves ... that will also be ...
enumerative ... structure and where they are found yes, both have structures ... they are found in
the same place, but differ in the cusps.

19. I. They are at the same place?
20. S. Between the the same ... the left atrium and the left ventricle, and the other one is found in

the right atrium this is same and different... this is comparison ... You have to compare the two.
The tricuspid valve and the bicuspid valve ... the likes and dislikes (differences).

21. I. Ok.
22. S. (She returns to the graphic organiser to add information). Here you are supposed to put the

things that the tricuspid valve and bicuspid valve have in common ... under one ... and where they
differ under another ... PAUSE.

23. I. What are you thinking now?
24. S. I'm thinking how I'm going to write it now ... I know this does not look like the one in the

sheet (instruction materials).
25. I. That is fine.
26. S. I'm going to read over it again. The atrioventricular valves lie between the atria and

ventricles. So, there they are alike ... because they lie between atria and ventricles (enters into the
graphic organiser) ... You said we have to use as little words as possible ...

27. I. You just use it the way it works for you.
28. S. Mmm. The right AV valve between the right atrium and right ventricle is also called the

tricuspid valve ... so they differ in that way. The right AV valve lies between the right atrium and
the right ventricle. So the tricuspid ... I will just make a T... lies between the right atrium and the
right ventricle. Uh ... and that it consist of three cusps ... Uh ... The left AV valve between the left
atrium and the left ventricle has two cusps and is called the bicuspid valve. So, the bicuspid lies
between the left atrium ... left ventricle. And the bicuspid is also known as the mitral. When an AV
valve is open ... Oh, the tricuspid has three cusps, and the bicuspid has two ... Now we are talking
about the structure ... Tendon-like fibrous cords called chordae tendinea the pointed ends and
undersurface to papillary muscles ... that are located on the inner surface of the ventricles.
Tendon-like fibrous cords called chordae tendinea the pointed ends and undersurface to
papillary muscles ... mmm ... that are located on the inner surface of the ventricles. Ok. So, both
of them has that ... so both has chordae tendinea ... (Writes). .. connect papillary muscles. Ok.
(She's looking at the graphic organiser). Perhaps I should use enumeration here as well then I can
say the one is structure and the one is location ... No, let me finish this. Blood moves from the
atria into the ventricles through open AVvalves when ventricular pressure is low. At this time
the papillary muscles are relaxed, and the chordae tendineae are slack. When the ventricles
contract, the pressure of the blood drives the cusps upward until the edges meet and close the
opening. At the same time, the papillary muscles are also contracting, pulling on and
tightening the chordae tendineae. This prevents the valve cusps for everting or swinging

349

https://etd.uwc.ac.za/



upward into the atria.
Uh ... the first sentence here ... PAUSE.

29. I. What are you thinking?
30. S. I'm just thinking which ... uh ... organiser... PAUSE ... but I have an organiser ... this

paragraph ... (rereads paragraph 3) ... this applies to both valves. It is saying that when the
pressure is low in the ventricles, these valves are open ... I thought it is more a cause and effect...
uh ... this is how it functions. I can say that here uh ... when the pressure in the ventricles is low,
the At/valves open and the blood moves from the atria to the ventricles ... When the pressure in
the ventricles is low, the AV valves open and the blood moves from the atria to the ventricles.
PAUSE.

31. I. What are you thinking?
32. S. I'm numbering these ... because it seems so ... if! should come back to it, it will be confusing

for me... then I know we are talking about.. structure ... then location ... then to me it would be one
thing I'm thinking about. This paragraph tells you that the pressure in the ventricle decreases the
blood flow from ventricles to the atria.

33. I. Because of the time we will not continue to the next heading. You can finish this passage.
34. S. Ok. Let me talk it through ... let me look at the problem-solving steps. Well, the topic is the

valves of the heart. In the beginning I have to say what it is and what it consist of, and more or
less how it works. Here I say the heart prevents backflow, consists of dense connective tissue,
and because of the pressure changes, the valves will either open or close. Then I moved to the
enumerative organiser where I said that... uh ... the first one is the AV valves, and then ... the types
of valves ... so now you get two kinds of valves ... the AV valves and the semilunar valves ... we
started with the AV valves ... here we get two types of AV valves ... the tricuspid and the
bicuspid ... and we compared the two ... PAUSE. Ok, the tricuspid and bicuspid valve both lie
between the atria and the ventricle. They both have the chordae tendinea ... it is a fibrous ... how
can I say ... I want to describe what it looks like ... uh ... fibrous chords ... they look like strings ...
this connects to the papillary muscles. When the pressure is low in the ventricle, then blood will
move from the atria to the ventricle ... that is in both the tri and bicuspid valve. Then in the
tricuspid and the bicuspid valves they also differ ... uh ... where one could find them ... the tricuspid
valve we find between the right atrium and the right ventricle and the bicuspid in the left atrium
and the left ventricle. They also differ in the amount of cusps ... The tricuspid has three cusps and
the bicuspid has two cusps ... that is ok.

35. I. What are you going to do now?
36. S. Going back to my instructions ... we stopped at the prereading ... we organised it... we analysed

terminology, phrases and sentences. Almost everything I understood from the ... [...] and from the
drawings as well. Uh ... visualise the situation and events ... I did that by using the drawings as
well ... Uh ... monitor, control and evaluate comprehension ... in one case ... uh ...

37. I. Did you evaluate your comprehension?
38. S. Yes, actually when I compared the two ... and from the drawings the information made sense.

Yes, and when I talked through it. Yes, I understood I would say so. Now, establish now with
the post-reading ... an application of the information how can this information be applied. Uh ...
PAUSE. Probable if you think of a... uh ... uh ... a heart attack or something ...

39. I. Please explain that.
40. S. Probably iL I do not know what you call it... you have a faulty valve ... then uh ... this will

prevent... for example ... if the valve doesn't close while the blood moves down from the atria to
the ventricles and it doesn't close then the blood will rush back into the atrium and it is not
suppose to do that. The blood will not go to the tissues ... not enough blood will go to tissues. Ok.
Reflect and evaluate the effect of your activities.: question whether objectives have been met ...
I'd say yes ... 'cause ... the objective was that valves prevent backflow ... how it does. What new
knowledge has been generated ... I'd say all of this has been new to me ... what level of
understanding has been achieved ... I understand it better now ... better that using the linear form ...
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previously Iwould just swot it and write it down to see if! know it.
41. 1. How would you just write it down?
42. S. Exactly how it is in the text.
43. 1. You rewrote everything?
44. S. I would mostly just abbreviate it... leave out the prepositions and those.
45. 1. How did this programme help you?
46. S. Ican use this, but, Ineed time to prepare it ahead of the tests or exam. Ithink it will help me if

Ispend more time on it.

ANALYSIS OF PROTOCOL B2

INPUT PHASE
1. She approached her reading in a goal-oriented way. After an initial reading, during which she clarified
location of structures, she formulated an objective for her reading (4), and determined how the passage
fitted in with the rest of the chapter.
2. Decided early to organise the information (12) in order to approach the task in an ordered an
systematic way. This resulted in careful analysis ofterms, phrases and sentences in an attempt to select
relevant and key information to construct appropriate graphic organisers (10, 14, 16, 18 and 28).
3. Displayed an understanding of spatial dimensions of concepts by locating the position of valves (16),
clarifying the structure of valves (18 and 28) and relationships between pressure changes and the
movements of valves (30).
4. Selected, in a very concise fashion, the elements in the text relevant to the processing of the main ideas
(14, 18,20 and 28).
5. Regularly consulted diagrams to clarify information in text (2, 10 and 16).

ELABORATION PHASE
6. Her intention to organise information other than linearly (10) was manifested itt her identification of
the main descriptive points in paragraph one (14). She then successfully managed to differentiate between
main points and detail information.
7. The use of graphic organisers (see below) enabled her to move from simply recognising objects and
events to establishing relationships between them. E.g. in (16-18) she progressed from considering
paragraph two as having a descriptive structure to having a more complex and meaning-producing
comparison structure. This signified a move from an episodic grasp of the situation to one where items
were viewed as having relationships.
8. Displayed competent summative behaviour in her ability to summarise the information and extract
important concepts. This was evident in her summary in (34).
9. Projected virtual relationships between information in passage and that which could potentially exist.
E.g. the elaboration on "faulty valves" in (40). This also displayed an ability to go beyond the information
given.
10. Metacognitive awareness was evident in her need to summarise (34) and in her reflection on her
activities (38).

351

OUTPUT PHASE
Il. Displayed competency in expressing herself clearly and "thinking-through" her approach to the
reading task (e.g. 34). Information was communicated in an ordered and well planned manner.

OTHER
12. Anecdotal evidence (paraphrased): This way (use of graphic organisers) is better than using the
linear form. Previously Iwould just swot it and write it down to see if! know it. Iwould rewrite
everything. Iwould mostly just abbreviate it... leave out the prepositions ... Ican use the programme ... but
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I need to prepare it (graphic organisers) ahead of the test or exam. I think it will help if! spent more time on
it.
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INTERVIEW PROTOCOL B3

Topic: Heart valves

1. I. Ok, when you're ready you can start and read as I've explained to you. Please do everything
aloud.

2. S. (She reads through once - hesitating only when she encountered "everting" - decided she is
not sure of its meaning). Ok.

3. 1. What are you going to do now?
4. S. What I'm going to do is read and try and make a graphic organiser ... try to relate this to the

diagram ... on the chapter overview. (Consults the graphic organiser on chapter organisation).
Ok. .. PAUSE

5. 1. What are you looking at there?
6. S. Valves of the heart ... [which ...]. The valves are involved in pumping the blood ... they prevent

the blood from flowing back.
7. 1. Was that prior knowledge?
8. S. Yes. (Starts to write).
9. 1.What is that?
10. S. This is the topic. Ok. As each chamber of the heart contracts, it pushes aportion of blood

into a ventricle or out of the heart through an artery. (Consults Figs. 20.3 and 20.4 a & b).
Il. 1. What are you trying to do now?
12. S. I'm trying to locate the atria and ventricles ... One of the chambers of the heart is the atria and

the ventricles ...
13. 1. Is that prior information?
14. S. Yes. I'm trying to check the chambers of the heart ... (continues scanning Fig. 20.3). This

:figure doesn't show it quite properly because it. .. is not labelled. I'm looking for the arteries and
ventricles ... oh, no sorry, the atrium and ventricles. That's the right atrium ... uh ... so the chambers
contract... it might be the atrium or the ventricles that contract... then it pushes the portion of
blood into the ventricles that means if it is the atrium, then it pushes it to the ventricle ... or out
of the heart to the artery that means that the atrium have an artery ... and it... to prevent
backjlow of blood, the heart have valves ... Ok, the atrium pushes the blood to the ventricles ...
the valves in the atria prevents the backflow of blood ... like it must go to the ventricle ... it mustn't
come back to the ventricle ... it mustn't come back to the atria ... These structures are composed of
dense connective tissue covered by endocardium. I think this is descriptive ... describing.

15. 1. So you see a descriptive pattern?
16. S. Yes. The valves open and close in response to pressure changes as the heart contracts and

relaxes I think there is a cause and effect... valves open and close in response to pressure
changes as the pressure changes ... Yes, as the pressure changes. Well, but the :first paragraph
describes to me ... the different things about the valves.

17. I. Ok.
18. S. Ok, the valves of the heart ... the lining of it... [...] (silent reading).
19. 1. Please read aloud.
20. S. Oh, sorry ... these structures are composed of dense connective tissue covered by

endocardium. That means the valves are covered by endocardium. (Enters "endocardium" as
detail information to lining - see her graphic organiser). And ... the function ... (adds another entry
to the graphic organiser) ... prevents backflow of blood. PAUSE.

21. 1. What are you thinking? .
22. S. They're talking about composition ... I've got that... (scans paragraph again). Valves open and

close in response to pressure changes as the heart contracts and relaxes. Uh ... PAUSE.
Lining ... function ... this is how it performs its function. But I do not know how to put it in one
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word ...
23. 1. Summarise it in any way that makes sense to you.
24. S. ru put it response to pressure changes (enters it on her graphic organiser). Oh ... then ... (pages

over) ... I think these are the components of the valves ... even if they didn't say it hete.
25. 1. Components. What do you mean by that?
26. S. I'm sorry, the divisions of the valves. This is another one (adds it to graphic organiser). ru

then start another one here division of the valves (enters topic of next organiser). The first one
is the atrioventricular valve (enters "AV valve") ... ru put it in short ... AV valve. This is
enumeration ... the other one is the SV valve ... semilunar valve. Atrioventricular valve ... that is
one of the divisions of the heart valves, lie between the atria and ventricles, that's the location of
the AV valve ... The right AV valve between the right atrium and right ventricle is also called
the tricuspid valve because it consists of three cusps. The left AVvalve between the left atrium
and the left ventricle has two cusps and is called the bicuspid or mitral valve. When an AV
valve is open, the pointed ends of the cusps project into the ventricle. The AV valve ... (she
looks at different diagrams).

27. 1. What are you looking for?
28. S. I'm looking for a diagram that will show me the AV valves ... Ok. .. here it is (Fig. 20.4). This

one shows the bicuspid valves ... here ... I'm looking for the tricuspid valves ... Tricuspid valves on
the right... between right atrium and right ventricle right atrium ... right ventricle ... ok .. here
they are ... the tricuspid valves and what they say the left AV valve ... between the left atrium
and the left ventricle ... left ventricle left ventricle (all the time confirming location on Fig. 20.4).
That are the bicuspid valves. When the AV valve is open they don't state which one ... whether
it is tricuspid or bicuspid ... they just say AV valves open the pointed ends of the cusps project
into the ventricle (consults the figure again) open and ... When an AV valve is open, the pointed
ends of the cusps project into the ventricle. I'm trying to find whether ventricle [...llike in this
20.4a ... the bicuspid valves and they are open ... so I'm trying to find where does this blood flow
to. Ithink maybe to ... the atrium is there ... ok, here they show the arrow ... that means from the
atrium to the ventricle and ... Tendon-like fibrous cords called chordae tendinea the pointed
ends and undersurface to papillary muscles. The chordae tendinea Ithink ... Ithink the way they
connect the pointed ends to papillaries muscles ... that is connected to the inner surfaces of the
ventricles. PAUSE.

29. 1. Ok. What are you thinking now?
30. S. The division of the atrioventricular valves. They are divided into two ... the bicuspid and the

tricuspid ... (continues on her graphic organiser) ... tricuspid ... bicuspid ... and the location of the
tricuspid valve ...

31. 1. What are you doing now?
32. S. Ithink it is a combination of description and enumeration ...
33. I. Mmm ...
34. S. Atrioventricular valves lie between the atria and ventricles. The right AVvalve between the

right atrium and right ventricle is also called the tricuspid valve because it consists of three
cusps. The left AV valve between the left atrium and the left ventricle has two cusps and is
called the bicuspid valve. Mmm they are comparing ... I've forgotten about that... Ihave to
leave description as a last resort .

35. 1. Ok
36. S. Ok, so I look for likes and dislikes ...
37. 1. What does dislikes mean?
38. S. No, differences ... oh! ... Ok,..Uh ... Ok. .. what are they similar about... (continues on the

graphic organiser). Likes here ... differences. The likes ... Atrioventricular valves lie between the
atria and ventricles that is likes. The location ... (writes into graphic organiser). ru just write
location ... between atria and ventricle. The right AV valve between the right atrium and the right
ventricle ..: that means the tricuspid. That is different... so I write tricuspid and bicuspid ... this
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one is between right atrium and right ventricle.. ru use abbreviations ... and this one ... between
the left atrium and the left ventricle. Contains ... have three cusps ... another difference ... this one
two cusps. When an AV valve is open, the pointed ends of the cusps project into the ventricle.
Another like... I don't know how to shorten it... Oh ...

39. I. You just put it in your own words that means you're thinking about it.
40. S. AVvalves open ... the pointed ends cusps ... project into ventricle. PAUSE.
41. I. What does that tell you?
42. S. It is that they can both and close ... and then the pointed end ... into the ventricle (enters into

the graphic organiser). Tendon-like fibrous cords called chordae tendinea ... the pointed ends
and undersurface to papillary muscles that are located on the inner surface of the ventricles.
That is another like ... that the pointed ends are connected to ... connect the pointed ends. Ok, they
are connected to each other by chordae tendinea. (Enters as a further point on graphic organiser).
PAUSE. These have to do with structure ... the valves have muscles ... and fibrous chords.

43. I. Ok.
44. S. Tendon-likefibrous cords called chordae tendinea connect the pointed ends and

undersurface to papillary muscles that are located on the inner surface of the ventricles. Ok,
I've written that down. Blood moves from the atria into the ventricles through open AV valves
when ventricular pressure is low. At this time the papillary muscles are relaxed, and the
chordae tendineae are slack. .. At this time the papillary muscles are relaxed (she consults the
figure again). Ok, that's when they are open. Ok. Let's take the bicuspid valve for example. When
they are open, the pointed ends of the cusps project into the ventricle ... then the tendon like
fibrous chords ... Ok ... that is connected to the ventricle. When the blood moves from the atria ...
the upper part of the atria ... through an AV valve ... bicuspid valve in this case ... through open
AV valves when ventricular pressure is low. Ok. At this time the papillary muscles are relaxed.
Here they show that the papillary muscles are relaxed and the chordae tendinea slackened ... it sort
of shorten. When the ventricles contract, the pressure of the blood drives the cusps upward
until the edges meet and close the opening. When the ventricles contract... they don't show the
ventricles here (Fig. 20.4a & b) ... and close the opening. The contraction of the ventricles they do
not show ... (looks at other figures). Mmm ... PAUSE.

45. I. What is bothering you?
46. S. I think here (points to the bottom of Fig. 20.4a) would be the ventricles that contract.
47. I. Ok.
48. S. Ok, if! go back (to graphic organiser) ... here they discuss the movements of blood from atria

to ventricles ... through the valves. I think they talk about the function ... how they function. Blood
moves from the atria to ventricles through open AV valves ... that means that. .. for blood to move
it has to be open. Ok. (Enters into graphic organiser "open AV valves due to po£ in ventricles"
etc.). That is due to low pressure in the ventricles. At this time the papillary muscle are relaxed
and the chordae tendinea are slackened. I think that also has to do with the mechanism.
Papillary muscles are relaxed ... (enters this as detail in her graphic organiser). When the
ventricles contract, the pressure of the blood drives the cusps upward until the edges meet and
close the opening. When the ventricles contract... PAUSE ... here is a... another one ... a cause and
effect. I need a topic here ... (Continues graphic organiser with topic "mechanism"). When the
ventricles contract, the pressure of the blood drives the cusps upward until the edges meet ...

49. I. You're doing another organiser.
50. S. Mmm ... cause ... effect (rereads the paragraph). When the ventricles contract, the pressure of

the blood drives the cusps upward until the edges meet and close the opening. That means the
ventricles causes ... no, the pressure causes the ventricles to contract... am I right? When the
ventricles contract, the pressure of the blood drives the cusps upward ... pressure of the blood
drives the cusps ... I think the pressure is the cause. Pressure causes the cusps ... the pressure of
the blood drives the cusps upward ... the cusps moves upward ... until their edges meet and close
the opening (this is entered into the graphic organiser). Then this ... the effect is they close the
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opening. Ok. At the same time, the papillary muscles are also contracting, pulling on and
tightening the chordae tendineae ... PAUSE.

51. I. Please think aloud.
52. S. At the same time, the papillary muscles are also contracting, pulling on and tightening the

chordae tendineae ... this prevents the valve cusps from everting or swinging up into the atria ...
What does everting mean? Oh, or swinging upward. I think that is a description of the
mechanism of which we were talking about here ... that the cusps move upward and close the
opening ... At the same time when this is happening, papillary muscles are contracted, pulling the
chordae tendinea ... which will move here (points out direction of movement on Figs. 20.4 a &
b). .. they are contracting and pulling the chordae tendinea ... which means that is describing it. I
don't know how to write it on paper ... PAUSE. ru just write it down as it is. (Enters detail
information to her graphic organiser). I hope that if! use the short hand (CT) when I come back
that it won't mean connective tissue to me instead of chordae tendinea!

53. I. Ok. What are you going to do now?
54. S. Now I'm going to semilunar valves ... PAUSE. Let me first check my list of prescriptions.
55. I. Ok.
56. S. My objective was ... that was in my mind all the time ... to see how the valves contribute in

transporting blood through the heart. Then ... I did determine the structure in the chapter ...
Identify the related prior knowledge ... I always had that in the back of my mind ... I did
determine which relevant figures were available. Organise information other than linearly ...
graphic organisers ... that I've done analyse terminology, phrases and sentences ... I did notice
some words I did not know before everting ... chordae tendinea ... papillary muscles ... cups ...
cusps Visualise information ... this is the same as related information ... I also considered figures
there I used the pictures throughout... coordinate information from all relevant sources ... that
I'm not sure if I've done that...

57. I. Did you for instance reflect on what you knew before?
58. S. Yes I did ...Monitor, control and evaluate comprehension ... question whether comprehension

is taking place ... Comprehension.
59. I. Do you think that you understand this? (She nods). How can you test it?
60. S. I can look at the organiser. Ok, the topic is the valves of the heart. What I have here is the

lining of the valves is endocardium, and their function is to prevent... Oh. Sorry, the lining of the
valves of the heart is the endocardium, and their function is to prevent backf1.owof the blood from
the atria to the ventricle, and it is divided into two ... and it also respond to pressure changes ... the
valves respond to pressure changes. The division of the valves ... the AV valves ... the AV valves
are also divided into two ... the tricuspid valve and the bicuspid valve ... and the tricuspid valve is
between the right atria and the right ventricles ... oh, it was [...] and the bicuspid valves are
divided ... between the left ventricle and the right atria ... and ..

61. I. Between the left ventricle and the right atria?
62. S. Oh, did I say that? And the ... I compared the tricuspid valves to the bicuspid valve ... the likes

and the differences. And the like ... the location.. they are both between the atria and the
ventricle ... and they both have open ends ... pointed ends that project into the ventricles. And their
structure is also... tricuspid valves and bicuspid both have the same structure ... that their pointed
ends are connected by chordae tendinea which also is also connected to the papillary muscles,
and both ... they are open due to low pressure in the ventricles ... at that time the papillary muscles
are relaxed and the chordae tendinea are slack. Their differences are that the tricuspid valves are
between the right atrium and right ventricle, which I have already stated ... they have three
cusps ... and the bicuspid valve is between the left atrium and the left ventricle and they have two
cusps. And ... (pages over). I also have the mechanism of blood flow from the atria to the
ventricle. Mechanism ... I have a cause and effect... that the pressure causes the flaps of the AV
valves to move upward, and closing the opening ... I noted something else at the same time ...
papillary muscles contract... and pull the chordae tendinea and this prevents the backf1.owof
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blood. Ok ...
63. I. So, would you say that you've understand that?
64. S. Oh, yes. Now post-reading ... establish how this information relate ... is this ... I've done that.

Establish an application for the information ... I don't understand that... an application ...
65. I. For instance, of what value it this information?
66. S. I would think that every second the valves are doing their function of transporting the blood

from atria to ventricles of preventing the blood from going back to the atria ... the importance is
that if they don't do that the blood won't carry enough oxygen ... I think the body cells will not
get enough blood and it will effect their activities. Reflect on your activities ... Have your
objectives been met ... what new knowledge has been generated ... what leve[.ofunderstanding
has taken place. I think my objective has been met... my objective was that how the valve
contribute to the flowing of blood. And what else ... What new knowledge has been generated ...
PAUSE. Now I know the valves are divided into two, how they function, how does that occur...
A high level of understanding was achieved ...

67. I. Why would you say that?
68. S. 'Cause now I know that in the pumping of blood, pumping of the heart ... pumping of blood ...
69. I. Ok ... take a deep breath ...
70. S. Ok, 'that in order for the heart to pump blood to the body they need the valves and how the

valves are functioning ... I could also organise all this information ...
71. I. Can you now tell me that you understand it?
72. S. Yes, I do. I can also remember all of this using the graphic organiser ... at first always I was

just reading it... as a formality ... no organisation ... just a lot offacts.

ANALYSIS OF PROTOCOL B3

INPUT PHASE
1. Her perception of the problem was clear. After her initial reading she immediately attempted to relate
the passage to the contents of the chapter (4), activated and retrieved prior knowledge (6), consulted
diagrams (14), and immediately realised the need to define a topic and organise the information (14).
2. She explored the passage very systematically - evident in her careful analysis of paragraph one (14),
and the consideration and reasoning about two possible types of relationships between elements in the
paragraph (14 -16) i.e. description vs. cause and effect. Itwas also evident in her continuous consultation
of diagrams (19, 14, 28, 44, and 46) that she selected for confirmation of information she constructed
during reading.
3. Data gathering was precise and accurate. This was reflected in the constant rereading (16, 20, 22, 28,
34,38,44 and 51) to establish and select only what was relevant to the accurate processing of the
problem. All available sources of information were used (prior knowledge, figures, and text).
4. Understanding of spatial concepts was well developed. She was able to use labels to explain positions
in space. This allowed her to manipulate spatial relationships during the elaboration phase (see below).

ELABORATION PHASE
5. Her use of graphic organisers was efficient and effective (see her graphic organisers below). She used
these to record main points describing heart valves, classified the valve types, and summarised the text
information in a comparative fashion.
6. Processing of information on the AV valves demonstrated effective skills of comparing, i.e. she
consistently used relevant criteria to search and identify similarities and differences (36-51). Throughout,
elements in this passage were viewed relationally. E.g. contrasting tri- and bi-cuspid valves (38 and 42),
and identifying a cause/effect relationship between ventricular contraction and the movement of cusps.
Information was thus linked into a meaningful and comprehensible whole by actively looking for
relationships between items and events.
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,
7. A need for logical evidence was displayed in her consistent consultation of figures (28, 44, 46 and 51)
for evidence to support or confirm the validity of statements, facts and events.
8. Displayed no difficulty to express herself and "think-through" reading task.

358

OUTPUT PHASE
9. Clear communication of her understanding was evident in "talking-through" her graphic organiser (59-
61). She established a goal and devised a strategy. Subsequently, she worked logically and rationally
through explaining her understanding.
10. Produced responses that showed careful consideration and selective use of collected material.
11. In (63-65) she displayed an ability to "go beyond the information given" by reflecting and inferring
the effects of valvular failure.

OTHER
12. Although the problem-solving prescriptions were not internalised in the sense that she regularly has
to refer to the list, she displayed little difficulty in executing the instructions.
13. She displayed effective and efficient use of the graphic organisers to construct relational
understanding from the passage.
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INTERVIEW PROTOCOL B4

Topic: Heart valves

1. I. Please read the passage aloud for understanding.
2. S. (Reads through once for familiarisation). First, I have to think ... imagine ... they talk about

chambers here ... how many chambers there are ... and uh ... which chambers is related to which ...
3. 1. Is that your prior knowledge?
4. S. Yes ... how the chambers are organised and which chamber relates to which and the flow of

blood throughout the chambers. So, how blood moves from one chamber to the next. And then .
uh ... from the passage Ihave to locate ... organise the information ... how many valves there are .
and what types of valves and where they are situated.

5. 1. Ok.
6. S. Ok, so that is organising the information ... now they talk about semilunar valves, they talk

about tricuspid ... bicuspid valves. Ok, atrioventricular valves, the semilunar valves ... the
atrioventricular valves meaning the tricuspid and the bicuspid ... uh semilunar valves ... they say
the pulmonary semilunar valve and the aortic semilunar valve. So in terms of the
atrioventricular valves ... Uh ... and the flow of blood there is a diagram to which I can relate the
two valves ... (Fig. 20.3) ... no, one valve ... the tricuspid ... here is the tricuspid ... the bicuspid ...
PAUSE.

7. 1. What is bothering you?
8. S. I need to organise the information valves of the heart. So, in terms of the chambers ... how

these valves are related to chambers four chambers ... we have the diagram here which I
suppose this will be the atria ... the right atria ...atrium ... and this will be the left the right
ventricle so... the arrows pointing here to the direction offlow of blood ... coming in from the
right... this goes to the right... Ok, blood corning from the head and upper extremities ... I suppose
through the superior vena cava .. and then we have blood coming in from the atria from trunk and
lower extremities ... I think ... through the inferior vena cava. Then I've these flaps here ... uh ... I
suppose these are the tricuspid valves ... Ya ... How can I organise this .

9. 1. How can you organise this?
10. S. The topic will be the valves of the heart ... (starts a graphic organiser) ... a four valves of the

heart ... so I will break it up into four valves (enters names offour valve on graphic organiser) ...
uh ... the valves ... tricuspid ... we have ... uh ... bicuspid ...

Il. I. Is that from the passage or is it prior information?
12. S. I had an idea we also have the pulmonary semilunar valve ... no, I think I'm missing out

something here I think before here we'll have the atrioventricular valves and the semilunar
valves ... So, I will break it down, and into atrioventricular valves and the semilunar valves
(inserts this information on the graphic organiser). And then this will break up the AV and
semilunar into two which will be the tricuspid and the bicuspid, and the pulmonary and the aortic
valves. So, then, the tricuspid ... it will relate to ... it will open into uh ... Let me first look at the AV
valves. The tricuspid will be uh ... consists of three flaps ... Ok. .. those are details the left is
situated between the left atrium and the left ventricle ... so we have the left atria uh ....

13. 1. What is bothering you?
14. S. I want to get the important information. First they say they lie between the atria and the

ventricle ... both valves ... (reads) right aria ... between the right... The right AV valve between the
right atrium and right ventricle is also called the tricuspid valve because it consists of three
cusps. The left AV valve between the left atrium and the left ventricle has two cusps and is
called the bicuspid (mitral) valve. When an AV valve is open, the pointed ends of the cusps
project into the ventricle. Ok, I think that they describe how they function ... where they're
situated and how they function ... in terms of blood flow ... Ok. They describe this collectively for
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both ... they're both organised basically in the same fashion, except that one has three cusps and
the other has two cusps.

15. 1. What does that indicate to you.
16. S. The one is a difference ... between the two ... uh ... contrast... they're comparing and

contrasting ... Blood moves from the atria into the ventricles through open AV valves when
ventricular pressure is low ... Let's see ... Ok. The Atrioventricular valves lie between the atria
and ventricles ... that is for both ... The right AV valve between the right atrium and right
ventricle is also called the tricuspid valve because it consists of three cusps. The left AV valve
between the left atrium and the left ventricle has two cusps and is called the bicuspid (mitral)
valve. When an AVvalve is open, the pointed ends of the cusps project into the ventricle.
Tendon-like fibrous cords called chordae tendinea the pointed ends and undersurface to
papillary muscles that are located on the inner surface of the ventricles. PAUSE.

17. 1. What are you thinking?
18. S. Uh ... the similarities are in their organisation ... their structural organisation ... that of being ...

having flaps and chordae tendinea ... I can write that (into the graphic organiser). Well, in terms
of similarities uh ok. I think ... see (scans passage). Both have chordae tendinea ... (enters into
graphic organiser) which is connected to ... and also plus papillary muscles ... so the chordae
tendinea plus the papillary muscles ... Ok, so this will have a connection between the two ... In
terms of differences ... I think from prior knowledge I know that tri and bi means three and two ...
(pages to sample graphic organisers). Ok, so ... if the topic is tri and bicuspid ... you have both
under the same (as topic). Ok, and then you have differences ... I will just make it like this ... this
one has three cusps ... and that will have two cusps ... I will have to organise it for better
organisation. Ok, this would be between the left ... The right atria and the right ventricle ... and
this will be between the left atrium and the left ventricle (enters information into the graphic
organiser) ... that are other differences.

19. 1. Just read aloud so that I can know where you are reading).
20. S. Ok. .. I think I am finished with the first paragraph. Blood moves from the atria into the

ventricles through open AV valves when ventricular pressure is low. At this time the papillary
muscles are relaxed, and the chordae tendineae are slack. When the ventricles contract, the
pressure of the blood drives the cusps upward until the edges meet and close the opening. At
the same time, the papillary muscles are also contracting, pulling on and tightening the
chordae tendineae. This prevents the valve cups from everting or swinging upward into the
atria. Now I have control of the valves. Those are that is a similarity ... the control is similar ...
I'll put it under the chordae which are similarities similar. So, the control would be ...uh ... like ..
There has to be low pressure in the ventricles low pressure in the ventricles ... uh ... that would
have blood moving into ... into the ventricles the valves are open. So, the valves are open ... and
at high pressure ... (Reads). When the ventricle contracts ... Ok, first the ventricles have to
contract... that the pressure will drive the valve upwards until the edges meet and close. So, the
closing of the valves will be when the ventricles contract... and ... increasing the pressure in the
ventricles ... Uh ... at the same time the papillary muscles are also contracted pulling and tightening
the chordae tendinea ... this prevent the valves ... so the valves can only ... the valves cannot swing
into the ... into the atria ... high pressure in ventricles ... valves are closed (entry into graphic
organiser). So, both they relate to ventricular pressure ... they don't talk about atrial pressure
(scans passage for "atrial pressure"). No. I think thus far the atrioventricular valves are complete
but I will have to reorganise it since this because it is structurally ... you know ... it isn't... it doesn't
look good. It has to be presentable for me to remember it.

21. 1. Do you say that the poor organisation does not show you a pattern?
22. S. Ya... this is just information that has to be rearranged ... so that I can visualise it better.
23. 1. Because of time constraints we have to leave this part on the semilunar valves. You can now

complete the processing to this first part.
24. S. Ok. They say analyse terminology, phrases and sentences. I think in terms of analysing
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terminology ... that I always have to remember what I before, like tri-means three, bi-means two.
Maybe I might not have to remember mitral valve ... but bi- and tri- are important. Chordae
tendinea I've never met... papillary muscle ... I think I've met papillary before ... papillary ...
papillary Ok. I've clarified the new words. Visualise the situation ... I still have to go my
diagrams Ok. .. these diagrams I'm familiar with ... here are the valves ... the chordae tendinea ...
the papillary muscles ... uh ... (scans the different diagrams) flaps ... these are two dimensional
diagrams, so I will have to put it in three dimensions. So, I think of the different structures from
the diagrams. Coordinate information ... Ok, I still have to organise my graphic organiser a
fashion that I will be able to see it without struggling. And monitor control and comprehension.
Uh ... comprehension ... well I think I understand this passage. I can go over the stuff that I've done
on the flow diagram (graphic organiser).

25. I. Do you want to do that?
26. S. The valves of the heart are two types of valves. The atrioventricular and the semilunar valves.

The atrioventricular valves there are two types ... further subdivided into two ... which are the
tricuspid and bicuspid ... and they both lie between ... similarities .. They lie between the atria and
the ventricles ... and they are connected ... Flaps are connected to the inner surface of the heart
through the chordae tendinea and the papillary muscles. And their control is the pressure
decrease and increase in pressure in the ventricles. When the pressure is low in the ventricles, the
valves are open so that blood can flow in the ventricles from the atria ... uh ... When ventricles
contract, uh ... the pressure in the ventricles is increased and they push the valves but the valves
cannot flap or swing back into the atria because of the chordae tendinea which ... The valves are
pushed closer together and close ... and blood can flow out of the ventricles. In terms of the
differences ... the tricuspid has three cusps ... uh ... it lies between the right atrium ... between the
right atrium and right ventricle. The bicuspid has two cusps ... lies between the left atrium and the
left ventricle.

27. I. Ok. Would you say that you understand it?
28. S. Ya ... so far I think I understand it... I don't know what sort of question I will get. Ifl go to my

post-reading. Establish how this information connects or relates to what is already known ...
question whether information is supplemental, contradictory ... Uh ... in terms of visualisation I
think it is supportive. It doesn't seem to be anything that contradict... ok, something that I'm
wondering ... do the ventricles and atria contract at the same time or at different times. I'd imagine
that when the atria are contracted, then the ventricles are relaxed ... when the ventricles are
contracted, the atria have to be relaxed. So, they cannot all contract at the same time. Such that
the valves can open and close. Uh ... and ... the normal body function establish an application for
the information. Uh ... so far since I've done only one side of the heart Which is the ... I think it
relates to the pulmonary circulation ... uh ... I would imagine that also the other part which relates
to systematic ... systematic ...

29. I. Systemic circulation?
30. S. Systemic circulation, yes. The importance of the heart valves is to channel blood in one

direction ... question whether objectives have been met ... I think what else ... whether I spent too
much time, but given this information ... this activity, I don't imagine that I have to go through
this passage again because I think I've acquired sufficient information. My initial objective was to
understand one ... The way the valves where they are located, how they function, what is their
objective ... to channel the blood in a certain direction ... and how does it prevent blood from going
into the wrong direction ... uh ... to understand whether how that is achieved ... the chordae
tendinea which are attached to the papillary muscle which prevent the upswing ... what
mechanism make the blood flow ... low pressure ... high pressure make the valves close ... uh ...

31. I. What would you say ... What level of understanding did you achieve?
32. S. I think it is beyond the information that... the factual information that is given. Uh ... I think at

this point I can imagine ... you know, picture the valves. The cusps pointing downwards, and
attached, you know. To the walls, the inner surface of the walls ... the inner surface of the
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ANALYSIS OF PROTOCOL B4

ventricles ... and ventricle contracting ... increasing pressure ... and the valves coming together and
being prevented from up swinging by the tightening of the chordae tendinea. I could also
compare the two types of valves ... they are in some way similar and different in another. This sort
of thing could be very easy to miss. And I think being able to compare at this stage goes a long
way in enabling me to ... to pre-equip myself before the examination. Whether this kind of
information I can only think about when I'm in an exam ... are they different... how are they
similar ... that I can now practice already. When they talk about and what they want.

33. I. Would you like to comment on the programme?
34. S. With this programme I can give 40% more than I can previously ... I can also now see much

more information than before ... more than what I used to get from the book. Definitely. It also
help me to give that information which I have, but which I would not other times give in exams ...
Not necessarily not what I would not have given, but what I've ... Uh ... not thought of giving ...
you know ... unless I'm asked to. Asked to give it but in a very direct manner. Yes. So, I without
this programme I could not have realised that. Like the other information, we talked about the
other day ... on the heart how the ... how the flow of blood is controlled ... you know the muscular
[...] and the diaphragm I would have missed out on the heart which is the central point... you
know. So, like uh ... it sort of like ... it like taps the talent... you know we have it but we are not
aware of it or how to use it.

35. I. Thank you very much.

lNPUT PHASE
1. He used his prior knowledge effectively to supplement the text in order to orientate to the reading task.
This facilitated a clear perception of the problem.
2. He effectively used information from different sources - prior knowledge (2, 10 and 28), figures (6 and
8), and textual information, to systematically analyse the concepts presented in the text.
3. He displayed well-developed investigational strategies. For example: taking time to gather and assess
all the relevant information, continuous backtracking, (12), and frequent rereading (14,16 and 18). This
resulted in a systematic exploration of the information and demonstrated a need to identify main elements
(14) and to impose organisation on the apparently unstructured information.

ELABORATION PHASE
4. His careful analysis of the objective for reading resulted in careful analysis of different aspects which
he considered useful as problem situations arose (e.g. 6, 12 and 14).
5. He successfully identified and extracted the structural patterns of the passage. Note his reasoning in
(12) and (14): "I will break it down", and "it will relate to", etc. His activities resulted in the careful and
correct identification of the key elements of the passage as well as the relationships between them. In his
elaboration he displayed an ability to compare and contrast the characteristics of the two valve types, and
to fit it into a broader and more meaningful system of information (heart function).
6. He was metacognitively aware of his activities. For example:

a) He expressed concern for the poor organisation (untidiness) of his graphic organiser (20). And
realised that he had to tidy it up, "so that I can visualise it better" (see his graphic organiser below);

b) He effectively (paraphrased) summarised his understanding of the passage (26) -
demonstrating relational understanding; and

c) He was aware of the level of understanding achieved (32) - "I think it is beyond information ...
that is given." Support for this was provided by his elaboration on his understanding (32).
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OUTPUT PHASE
7. Displayed little or no difficulty in elaborating, expanding or giving reasons for his responses.
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8. In addition to solving the reading task systematically, he also very effectively communicated his
understanding. His organised approach to his learning task apparently facilitated the ordering of his
thoughts.

OTHER
9. The prescribed problem-solving steps were not internalised - evident from his need to regularly consult
the training materials. His untidy graphic organiser may be accounted for by his poor attendance of the
computer-based intervention programme intended to facilitate the internalisation of different graphic
organisers through hands-on (and "minds-on") experience.
10. Anecdotal evidence (34). He related how the programme: allowed him to construct information over
and above that given in the text; enabled him to use relevant prior information and incorporate and
integrate it with textual information when presenting responses; focussed on information central to a
main theme; and encouraged him to use his personal resources (talents) and develop and apply it to the
learning situation.
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INTERVIEW PROTOCOL DS

Topic: Heart valves

1. I. I would like to hear how you go about to understand this passage. Please do everything aloud.
2. S. Ok. I think the objectives here ... knowing the valves of the heart ... and knowing how it

contributes to the normal functioning of the heart. The functions of the valves itselfis to prevent
the bacldlow of the blood.

3. I. Did you read that in the passage?
4. S. I knew that. As each chamber of the heart contracts, it pushes a portion ofblood into a

ventricle or out of the heart through an artery. To prevent backflow of blood the heart has
valves. Here they are trying to explain that as the chambers of the heart ... ventricles, atria and all
that contract... these chambers of the heart as they contract, they push a portion of blood into the
ventricle ... or out of the heart. And as they push that out of the heart through the artery ... then ...
To prevent backflow ofblood the heart has valves. These structures are composed of dense
connective tissue covered by endocardium. Valves open and close in response to pressure
changes as the heart contracts and relaxes. And as the heart ... as the blood flows into ventricles
or out of the heart, through this artery ... the bacldlow of the blood flowing through the heart ... is
prevented ... bacldlow is prevented by this valves. And this valves have dense connective tissues
which is covered by the endocardium. These valves open and close due the ... they respond to
pressure. Ok. The ... those open then ... Valves open and close in response to pressure changes
as the heart contracts and relaxes. It is like wren blood goes through this valves ... they exert
pressure ... this pressure ... and the valves will respond to this pressure by opening or closing
depending on the pressure that is there. And then I think there are different types of valves (pages
over). Atrioventricular valves and semilunar valves.

5. I. Ok.
6. S. And the ... the atrioventricular valve lie between the atrium ... and then ... Let me look first at

the prescribed steps. Identify relevant prior knowledge. I think relevant knowledge is to know
how the heart pumps blood, and how does blood go through the heart. And the ... determine what
related information ... I think there are figures ... relating to this as you go through and then ...
Organise information other than linear. I will have to ... the topic first... that is valves of the
heart ... and then ... define ... not define ... like the function of the valves ... Ok. Let me write that.
(She writes it in graphic organiser format). That is the valves of the heart. I'll put it in a box ... and
then not really describing ... but the function ... prevent bacldlow of blood. And then from the
function and then ... from then ... you can mention that these valves open and close to the
pressure in response to pressure changes. This is description. (pages to the graphic organiser
types in instruction materials). Ok. It has components ... that is one component... other ... Valves
open and close in response to pressure changes as the heart contracts and relaxes. This is
another component...(writes it down in graphic organiser). PAUSE. (Scans paragraphs again) ...
rn write composition ... what it is made of.. dense connective tissue ... here they mention it...
which is covered by endocardium ... and the ... (pages over) ... I think types of valves.

7. I. Ok.
8. S. (She enters this in the graphic organiser).
9. I. What kind of organiser do you intend doing?
10. S. Enumerative ... AV valves ... semilunar valves. Now ... I try to read through the ...

Atrioventricular valves lie between the atria and ventricles I'm going to look at Fig 20.3d ... the
AV valves lie between the atria and the ventricle ... let's see ..~the atria here ... I'm looking for the
AV valve ... (scans the annotations on Fig. 20.3). It is not here because there are no annotations ...
let's look at another figure (consults Fig 20.3). The right AV valve between the right atrium and
right ventricle is also called the tricuspid valve because it consists of three cusps. Let me look
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at that ... those cusps (she locates them on the figure) and ... The left AV valve between the left
atrium and the left ventricle has two cusps and is called the bicuspid, mitral, valve. Meaning
that these two differ. The one between the right atrium and right ventricle have three cusps ... I'm
going to organise this as similar and construct... contrast and compare. (She looks up the
appropriate graphic organiser).

11. I. Ok. What is your topic?
12. S. AV valves. Two types of them ... here's the box for differences and the other one for similarity.

The right AV valve between the right atrium and right ventricle is also called the tricuspid
valve because it consists of three cusps. So, the difference is that the one between the right
atrium and right ventricle has three ... number of cusps. And then ... when an AV valve is open, the
pointed ends of the cusps project into the ventricle. Tendon-like fibrous cords called chordae
tendinea ... the pointed ends and undersurface to papillary muscles that are located on the
inner surface of the ventricles. This chordae tendinea Idon't know ... tendon-like fibrous chords
(She looks it up in the figure). Ok. Tendon-like fibrous cords called chordae tendinea the
pointed ends and undersurface to papillary muscles ... and then, Ithink it has both a bicuspid
valve ... they are alike (Writes "chordae tendinea" under similarities) and pointed ends and
undersurface to papillary muscles ... Let me think again ... (Reads). AVvalves lies between atria
and ventricle ... that is a similarity (Enters information in the graphic organiser) and The right AV
valve between the right atrium and right ventricle is also called the tricuspid valve because it
consists of three cusps ... Tendon-like fibrous cords called chordae tendinea the pointed ends
and undersurface to papillary muscles that are located on the inner surface of the ventricles. It
is another similarity ... the pointed ends are in both the tricuspid and bicuspid valves.

13. I. Ok
14. S.Blood moves from the atria into the ventricles through open AV valves when ventricular

pressure is low. See the Fig 20 .4a... (She looks at the figure). Blood moves from the atria into
the ventricles through open AV valves when ventricular pressure is low. That is blood move
from the atria to the ventricles through this AV valves ... then when ventricular pressure is low ...
that is when the pressure in the ventricle is low ... Ithink it is also similarities. Blood moves from
the atria into the ventricles through open AV valves when ventricular pressure is low. At this
time the papillary muscles are relaxed, and the chordae tendineae are slack .. the chordae
tendineae are slack. When the ventricles contract, the pressure of the blood drives the cusps
upward. When the ventricles contract, the pressure of the blood drives the cusps upward ...
drives the cusps upward. So, this cups here (points to the figure) move upward ... and then they
will meet each other and then they ... and when they meet they will close. And meet and close the
opening. At the same time the papillary muscle is also contracting ... this muscle is contracting ...
pulling and on the chordae tendinea ... so this chordae tendinea is tightened when the muscles are
contracting. This prevents the valve cusps from everting or swinging upward into the atria.
PAUSE.

15. I. What are you thinking about?
16. S. I think this is about the mechanism ... in which they ... how can I say ... They ... they work .. the

way the blood moves. I'll put that as another point. (Writes: "mechanism of closure/opening of
the valves"). I think that is all that is in this (paragraph).

17. I. Ok. Since time is running out, let us finish this section.
18. S. Ok. (She goes through the prescriptions). Yes, I've organised it into a graphic ... I mean other

that linearly ... and then ... analyse terminology, phrases and sentences I think the terminology I
did come across ... like something that I must see ... like defining the term this chordae tendinea ...
so I visualise it... the diagrams said what it means. And then visualise the situation ... yes, I did
that by looking at the pictures to see how the thing happens. And then coordinating information
from all sources ... I'm not sure about that...

19. I. Did this information differ, for instance, from what you knew before?
20. S. Yes, they were the same principles ... like pressure, and closure ... then monitor, control and
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evaluate comprehension ... and if not why not ... I think that... comprehension is taking place ...
21. I. How would you test for comprehension ... I see you're pointing to your graphic organiser.
22. S. I'd say that the valves of the heart ... (talks-through her graphic organiser). I'd say ... valves of

the heart ... they prevent backf1.owof blood ... that's their function ... and they composed of dense
connective tissue which is covered by endocardium. This valves of the heart close or open ... they
respond to the pressure ... they either close or open depending on the pressure, and ... there are
types there are two types of this valves of the heart. AV valves ... that is atrioventricular
valves and the semilunar valves ... SL valves. The AV valve have two different valves also. Ok.
They before that... the location of the AV valves. It is located between atria and ventricle ... right
and left. And they're different in that the right AV valves is called the tricuspid valve in the sense
that it has the three cusps while the AV valves ... I mean the AV valve on the left hand is called
the mitral valve ... or bicuspid valve in that it has two cusps. This valves ... the right one and the
left one ... the mitral and the tricuspid valve have got differences and similarities. The differences
is that in the number of cusps. The other has three, while the other has two. And the location
also. The other one is left between right atria ... right ventricle ... The tricuspid that is ... while the
mitral is located between the left ventricle and the left ventricle. So, they are similar in the sense
that they both ... between them got chordae tendineas, and these chordae tendinea are attached to
the papillary muscles. And then they both ... and the other similarities are that they both lie
between the atria and ventricle ... and their pointed ends are projected into the ventricle ... and their
mechanism of closure or opening is the same ... that is for both mitral and for tricuspid valves.

23. I. So, would you say that you comprehended that passage?
24. S. Yes, I would say that. But ifllook further (at the prescriptions). How does this information

connect or relate to... I think to ... like function of the heart ... the valves of the heart contribute to
the normal functioning of the heart in the sense that it prevents the backf1.ow of the blood. I mean
the backf1.owof the heart when they go through the heart. Establish an application ... Iflike if
this valve are not functioning properly, maybe your chordae tendinea won't function well. Then it
means that they ... because this chordae tendineae can contract... chordae tendinea connect the
pointed ends of the to the papillary muscle. Blood ... are also contracting. Ok, When the
ventricles contract, the pressure of the blood drives the cusps upward ... Ok, let me say when
the papillary muscles don't function, then it will be a problem ... like if they if they don't function
then there's no contraction or relaxation. Which is the way the valves function to prevent the
backf1.owof the blood. And then ... reflect and evaluate the effect of the activities. Ok, the
objectives have been met in that it was knowing the valves of the heart and know how they
contribute to the normal function of the heart. And then what new knowledge has been
generated. Well, the knowledge that has been generated I didn't know how the valves
function ... how they contribute to the normal function of the heart. What level ofunderstanding
has been achieved. I believe a higher level offunctioning ... because I can visualise the thing not
necessarily knowing the facts, but understanding ... and through this understanding I can like .
uh ... the thing that contributed to this understanding is ... that I can know the pattern ... I don't...
my facts are not everywhere ...

25. I. Not everywhere? You means disorganised?
26. S. Ya. The whole thing ... not in order ... all over. PAUSE. What information has been

constructed. I think the information is useful in the sense that towards whether you've know
about the heart. I know now how does the ... this function ... how do the AV valves contribute to
the heart. This AV valve in the sense to the normal sense to the heart function.

27. Ok. Are you done now?
28. S. Yes, I think that I understand it... like I can visualise how they work .. not only the lot of

facts ... but what is important like ... and bringing it together in a pattern.
29. I. I'd like to know in what way did this programme help you?
30. S. It did help me. Since I attended this programme sometimes you go over it and read and read

without knowing when you encounter a new word you encounter something then you do not
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know how that fits to the previous passage ... like always ... [...] ... but does not know how this
fits into the previous passage. So, if you organise like using your graphic organiser... for
patterns ... then you see this fits here or that fits here ... this goes here ... relationships.

31. 1. Did you use the graphic organisers in your studying?
32. S. Yes ... In studying ... physio ... biochem, and even microbiology. I've tried them and they helped

me.

ANALYSIS OF PROTOCOL DS

INPUT PHASE
1. Although she did not skim over the passage to familiarise herself with the content, she activated
relevant prior knowledge (2-4) to put the passage in perspective. She used the prescriptions (6) to guide
her in appropriate prereading behavior. .
2. She took time to explore and assess the available information. This was facilitated by her ready
recognition of the linear organisation and the need to impose a descriptive pattern on paragraph one (6).
This resulted in the effective selection of the descriptive components of heart valves as function,
composition, control by pressure, and types (6). (See her graphic organiser below).
3. Her approach was systematic as she analysed terms, phrases and sentences and produced responses
which were complete and logical. E.g. in (6) she explicitly set out to identify relevant prior information,
and compared it to that presented in the figures and text. This systematic approach was also evident in her
consistency in comparing information from figures with what she read (6, 10, 14 and 18). This testified of
a need or awareness to identify incongruous and incompatible elements in the text.

ELABORATION PHASE
4. She was very competent at reconstructing the information as graphic organisers. The latter were used
to assign preference to relevant main points (6 -16) and to summarise the text.
5. Once she identified the main points, she established appropriate relations between them by organising
units of information into meaningful systems which were interrelated (see her graphic organiser below).
Her identification, for instance, of the contrast/compare pattern (10) prevented her from viewing items
separately, and she then embarked skillfully comparing the main elements.
6. Metacognition was evident in her consistent backtracking, her tendency to summarise the information
(12), and the reflection on her activities (24) once she decided that her reading task was done. This was
supported further by her comment that she realised that she achieved relational understanding and that
her facts were organised (24).
7. She internalised the need to adopt an active approach to understanding the information. E.g. making
meaningful connections and clarifying meanings of terms.

OUTPUT PHASE
8. Produced responses that show careful consideration and selective use of material presented in the text.
9. Exhibited good knowledge and use of vocabulary and syntax in communicating the responses clearly
and effectively.
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OTHER
10. Anecdotal evidence: Before this programme her learning strategy was to simply read the text over
and over, without realising how the information related to other available information (30). The use of
patterns (graphic organisers) helped her to see how information fits into the broader context, and
explicated relationships.
She found that the organisers did not only help her in studying physiology, but also with subjects such as
biochemistry and microbiology.
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INTERVIEW PROTOCOL B6

Topic: Heart valves

1. I. Please read this passage for understanding as I've explained to you.
2. S. (She reads the passage once - without any detailed reading. She does however, identify

unfamiliar words like "chordae tendinea" - infer it means tendons; "everted" - expresses need for
a dictionary, but immediately realised that the meaning is given as "swinging upward").

3. I. Ok, you're paging back to the previous page, what are you going to do now?
4. S. Ok, I'm looking at the topic ... It says ... valves of the heart ... I want to establish the objectives ...

the objectives are, from what I've seen so far, is that is ... knowing the different valves of the
heart ... and their structures ... and how this structures are suitable to the function. The text
pattern ... Ok, how it fit into the chapter (looks up the graphic organiser on chapter overview). I'm
trying to see how this fits in the whole chapter's organisation. Ok, it fits into the valves ... mmm ...
valves of the heart ...

5. I.What does that tell you?
6. S. Uh ... it tells me about the flow of blood ... it will eventually tell me about the flow of blood

through the valves. Identify prior knowledge ... Ok. .. the structure of the heart, the endocardium ...
and all that... (Reads through prescriptions). Identify relevant prior knowledge. Ok, prior
knowledge I knew that the valves prevents back flow of blood and then. PAUSE. (Scans section
on AV valves). I'm looking at these sections ...Ok, uh ... Determine what related information is
available Ok. .. uh ... there's a diagram where I can locate different parts ... they do say for
example the right AV is between the right atrium and the right ventricle. So, I can locate that
in the diagram. (Considers the diagram again and then proceeds to the problem-solving
prescriptions) .

7. I. What are you doing now?
8. S. Ok, I'm now at organising the information. I'm starting with the topic. (Writes: "valves of the

heart"). I can see it has atrioventricular valves and semilunar valves ... so it is enumerated ... (see
her graphic organiser). And then I look at the AV ... I can put some details ... I can put location ...

9. I. You want to put details there? What kind of details?
10. S. I'm gonna ... PAUSE.
11. I. You're reading now ... please do it aloud.
12. S. Ok. Atrioventricular valves lie between the atria and ventricles. The right AV valve between

the right atrium and right ventricle is also called the tricuspid valve because it consists of
three cusps. Ok, I want to identify the important information out of the whole passage. I don't
think I need to put all the location and that in there. Let me see. The atrioventricular valves lie
between the atria and ventricles ... I see another enumeration here ... the right AV thingie ...
you've got the right AV valve and then you have the left AV valve. That is enumeration.
(Proceeds on the graphic organiser). The right AV and the left AV. (She reads again). The right
AV valve between the right atrium and right ventricle is also called the tricuspid valve because
it consists of three cusps. Perhaps I can put down uh ... in that thingie ... right AV ... I can write
uh ... tricuspid ... wait... the right one is the tricuspid valve and the left one is the bicuspid valve ...
Ok, that is differentiating ... putting the like and the unlike ...

13. I. Ok, what kind of organisation is that?
14. S. Uh (She pages to the sample graphic organisers) ... comparison. Here ... I can put... like ...

unlike Ok, uh ... Ok. Unlike ... the other one is bicuspid ... and the other one is tricuspid ... (enters
information into graphic organiser). And then, uh ... (reads). When an AV valve is open, the
pointed ends of the cusps project into the ventricle. Tendon-like fibrous cords called chordae
tendinea. .. the pointed ends and undersurface to papillary muscles that are located on the
inner surface of the ventricles. It talks abolit one valve ... the AV valve ... both the AV valves ... it
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doesn't say which one ... so it's like. Ok, they say that the valves open ... and when they open, the
pointed ends of the cusp project into the ventricle. I think that is a point I have to enter that...
(rereads sentence and writes "when valves open, pointed ends project into ventricles"). Ok, I'm
reading again. Tendon-like fibrous cords called chordae tendinea the pointed ends and
undersurface to papillary muscles that are located on the inner surface of the ventricles. It's
still talking about the like. Ok. .. this is ... Tendon-like fibrous cords called chordae tendinea the
pointed ends and undersurface to papillary muscles. So, chordae tendinea connect these pointed
ends and undersurface to the papillary muscles (enters information into the graphic organiser).

15. I. Ok.
16. S. That's a bit untidy ... Blood moves from the atria into the ventricles through open AV valves

when ventricular pressure is low. That is alike... Let me read .. Blood moves from the atria into
the ventricles through open AV valves when ventricular pressure is low. At this time the
papillary muscles are relaxed, and the chordae. tendineae are slack. When the ventricles
contract, the pressure of the blood drives the cusps upward until the edges meet and close the
opening. At the same time, the papillary muscles are also contracting, pulling on and
tightening the chordae tendineae. This prevents the valve cusps from everting or swinging
upward into the atria. PAUSE.

17. I. What are you thinking?
18. S. They have here the movement of blood to the ventricles ... the thingie ... through the valves ...

when the pressure is low ... during this time the papillary muscles are relaxed ... uh ... the ventricles
contract. .. blood pressure drives the thingie ... I see another thing ... another graphic organiser ...

19. I. Another graphic organiser? Ok.
20. S. I see a sequence. Ok, muscles contract and the tendinea is slack. .. and when the ventricles

contract... No, its a cause and effect...
21. I. Ok.
22. S. Yes ... cause and effect. Ok, uh ... PAUSE. (She rereads the last paragraph).
23. I. Please do your reading aloud.
24. S.Blood moves from the atria into the ventricles through open AV valves when ventricular

pressure is low. So, at low pressure ... PAUSE.
25. I. What are you thinking?
26. S. I'm just trying to put the whole thing into perspective ... Ya... I'm looking for cause and effect...

I'm trying to figure out... Ok. .. At this time the papillary muscles are relaxed, and the chordae
tendineae are slack. When the ventricles contract, the pressure of the blood drives the ...
upward ... the upward Oh, drives the cusps upward until the edges meet and close the
opening. So, the cause the cause is the blood pressure ... (writes into graphic organiser) ... and
the effect is the upward movement of the cusps. They close (adds in brackets and rereads the last
sentence). When the pressure ... the pressure of the blood drives the cusps upwards till their
edges meet. PAUSE. Blood moves from the atria into the ventricles ... when the ventricular
pressure is low. When the pressure is low, the valves ... blood moves from the atria into the
ventricles ... oh ... (proceeds to enter information into the graphic organiser). At low blood
pressure, blood flows into the ventricles through the AV valves. Ya through the open AVs.
When blood pressure is high, there is upward movements of cusps close the opening (enters
into graphic organiser).

27. I. Ok.
28. S. Ok, I'm reading on ... At the same time, the papillary muscles are also contracting, pulling on

and tightening the chordae tendineae. Ok, I see another cause and effect. The papillary muscles
contract pulling and tightening the chordae tendinea ... so the cause is the contraction of the
papillary muscles ... (enters into graphic organiser), and the effect is pulling and tightening of the
chordae tendinea. This prevents the valve cups for everting or swinging upward into the atria.
This whole thing (gestures to the last paragraph) prevents the cusp from everting or swinging
back into the atria.
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29. 1. Ok.
30. S. Ok, so I have three blocks of cause and effect and this whole thing (three blocks) prevents the

cusps from everting or swinging upward into the atria. I don't know how to put that in here (the
graphic organiser).

31. 1. Ok. What do you want to do now?
32. S. I'm going back to my prescription. I want to analyse terminology, phrases and sentences. I've

done that already. Visualise the situation. Ok, I looked at the diagrams ... here ... there ... they said
something about Figure 20.3. Let me see ... The AV valves lie between the atria and the
ventricles. (Locates atria and ventricles on Fig 20.3d, and spends some time in clarifying details
of structures from the available diagrams, including the mechanism of movements of the valves).
Ok, that I've done already. Connect informationfrom all sources. I'm paging back and reading
the first paragraph. As each chamber of the heart contracts, it pushes a portion of blood into a
ventricle or out of the heart through an artery. To prevent backflow ofblood, the heart has
valves. These structures are composed of dense connective tissue covered by endocardium.
Valves open and close in response to pressure changes as the heart contracts and relaxes.
Coordinating the information ... I realise that the valves open and closes due to the differences in
pressures. Ok. Uh ... control and evaluate comprehension. Ok, we're comprehending the whole
thing.

33. 1. How do you know that you do?
34. S. Ok, I can tell you about the valves of the heart. (She talks through her graphic organiser). The

AV valves ... I realise there are two types ... the AV valves and the semilunar valves. The AV
valves are divided into two types ... right... The right AV valve and left AV valve. Ok, the right
AV valve is called the tricuspid valve, and the left AV valve is called is the bicuspid valve. And
then ... I started comparing the two valves ... their likes and their unlike ... and I realise the only
differences are the tricuspid valve has got two ... three cusps ... and the bicuspid valve has got two
cusps.

35. 1. So, you've identified one difference ... is that the only difference?
36. S. No, obviously, the other one is on the left and the other one on the right. I should add that.

Left and right. That is really another difference (adds it to the graphic organiser). And then what
they have in common is that uh ... when the ventricles open ... the pointed ends project... what is
this? (Refers to textbook, paragraph 2, to clarify that point). Ya ... PAUSE. When the AVvalve is
open, pointed ends of the cusps project into the ventricles. That is what I've written here. They
have this in common. And then they both have the chordae tendinea which connects the pointed
ends and undersurfaces to papillary muscles. Ok, and then I also realised that an increase in the
blood pressure uh ... uh ... I realised that there is cause and effect... The cause is the increase in
blood pressure, and the effect is the upwards movement of the cusps ... that result in closing of the
opening ... and another common fact... I realised that the decrease in blood pressure ... there is the
flow of blood through the opening of the AV valves ... that is when the blood flows through the
AV valves when they open. Let me refer to the textbook again ...

37. 1. You seem puzzled?'
38. S. Yes, I want to read again. When the ventricles contract, the pressure of the blood drives the

cusps upward. No ... uh .. Let me see ... Blood moves from the atria into the ventricles through
open AVvalves when ventricular pressure is low. Ok .. Oh! (Laughs). Yes! So, at low blood
pressures, blood moves from the atria into the ventricles through the open AV valves. So, when
the blood pressure is high, it close AV valves, and when blood pressure is low, it opens the AV
valve. And then, I also, realise the contraction of the papillary muscles results in the pulling and
tightening of the chordae tendinea.

39. 1. Ok, since our time is limited, please just complete the processing of these paragraphs - up to
here.

40. S. The application of this information ... I think it is the fact that blood pressure ... I mean the
opening and closing of the valves depends on the blood pressure. Some other things ... the valves
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prevent the backflow of blood ... so the opening and closing of the valves prevent blood flowing
back into the atria. Ok, what happens is that if they do not function they will not prevent the
backflow of blood. You can get enough blood back to your heart again.

41. I. Thank you. Please tell me about the usefulness, if any, of the programme.
42. S. I haven't studied physio yet, but I did use it to study for my pharmaceutics test. (Takes out her

notes she made for the test she wrote earlier the day). Here you can see especially in
pharmaceutics ... there are lots of things that you have to compare and contrast... Here I have
basically made an overview of things I had to do for the test. Here are like and unlike .

43. I. So, you have used it to make notes in pharmaceutics, did you use it for physiology?
44. S. No, this is the first test I had to write since we did the THRIFT programme. I also did find that

you can use it... you can remember things as a pattern ... because what I used to do is ... parrot
learning ... always but, when you forget one thing, you forget it... but if you remember it as a
pattern, you basically remember how it fits in.

45. I. Thanks very much and best ofluck with your studies.

INPUT PHASE
1. Displayed a systematic and planned exploration of the reading task. After scanning the passage she
presented a well formulated objective (40), located the information within the broader context of heart
physiology (4-6), and embarked upon organising the information (8).
2. Her need to understand concepts and related words was reflected in her careful analysis of unfamiliar
words (2) and her consistent rereading to clarify phrases and sentences (9, 14, 16,26,32 and 38).
3. She used appropriate labels to describe spatial arrangements of structures and the relationship between
pressure changes and valve action.
4. Perceived events within the appropriate contexts. E.g. a cause/effect relationship was perceived
between pressure and valve position (26), as well as between the contraction of papillary muscles and the
movements of the valves (26). The sequence and order of events were well understood.
5. She skilfully analysed and extracted information from the passage in order to establish coherent
relationships between important elements in the text.

ELABORATION PHASE
6. Her understanding of the importance to work systematically and logically when executing her plan
resulted in relational understanding. Her organisation of the main elements of the passage (see her graphic
organiser below) allowed her to organise and integrate discrete units of information into meaningful
systems. She thus went beyond enumerating the main types of valves, compared and contrasted the two
AV types of valves, and ultimately identified and described the causative factors (changes in pressure and
contraction of papillary muscles) and their effect on the mechanics of the valves.
7. She displayed an active approach to establish relationships (12 and 14), sought logical consistency in
order to clarify such relationships (14, 26 and 28), and consistently supported her assertions with
adequate explanations (e.g. 26).
8. Made valid generalisations and inferences. For example, when she summated the causative factors (30)
and inferred that they collectively prevented the eversion of the cusps into the atria
9. Her metacognitive awareness of her comprehension (32) was confirmed by her effective
summarisation of the passage (34-38).
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OUTPUT PHASE
10. Presented well-worked through responses by communicating the problems she encountered
systematically, establishing subgoals as she.progressed, and by imposing order on what was perceived as
linearly arranged information.

https://etd.uwc.ac.za/



375

Il. Information was transmitted efficiently without omissions and distortions.

OTHER
12. Anecdotal evidence:

a) She related how she used graphic organisers successfully to study for a pharmaceutics test, and
confidently displayed her organisers to show how she compared and contrasted concepts in
pharmaceutics (42).

b) Related how, instead of her previous parrot-fashion style oflearning, she used the graphic
organisers to "remember things as a pattern". According to her, this approach improved her memory and
recall since she remembered "how it fits in" (44).
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