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Abstract

This thesis is the recount of a study that began with the aim of unpacking the statistical

expertise of the teacher and author, with the intent of improving statistics teaching and

learning. In the process of doing this, the researcher examined the expertise of other

experts through a case study of a statistics professor, concept mapping of ideas of

statistics professionals and through an examination of statistical literature. As the

researcher and teacher moved to a position of accepting that statistics is a study of

variation, she discovered a failure by authors of many introductory textbooks to

appropriately acknowledge variation as a (the?) fundamental statistical concept.

In the second phase of the research, the teacher constructed a pre-tertiary statistics

curriculum and taught it to a cohort of 64 students. Drawing upon constructivist ideas,

teaching was based on using activities to elicit statistical thinking in students. Exercises

on measurement, sampling, probability, and questions about relationships were all used

to illustrate the nature of variation. Within-session student assessment involved

providing a written reflection upon the statistical ideas generated in class. The ideas

needed to be exemplified in an everyday context. End of session examinations included

a concept mapping exercise to explore students' understanding of major statistics

concepts. The continued process of unpacking expertise and reflective practice led to

the teacher modifying the curriculum for the second implementation. The theme

adopted was statistics is the study of variation as it occurs throughout the research

process (ethics, questions asked, design, measurement, sampling, description, analysis

and drawing conclusions). For this cohort of 79 students, their understanding of

statistical concepts improved, but their satisfaction with the subject declined. For the

third implementation, the subject was again modified to include an explicit focus on

learning how to learn statistics. In this third variation of the subject, the 61 students

continued to have a good understanding of the statistical concepts but higher levels

satisfaction with the subject.
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During the various implementations, the teacher-researcher experienced shifts in

interpretation of the educational literature. Students demonstrated in their reflective

homeworks that the act of reflection was not automatic. Students' reflective homeworks

often focussed on hard concepts or easy concepts, but not necessarily on the range of

concepts. They often focussed on the particular or the general patterns but not both.

When transferring to a new task, many retained a chronological ordering rather than a

logical ordering of material. Some students perceived only one level of meaning, while

others perceived multiple levels. Rather than perceiving a need to have students

construct their knowledge (through activities), the emphasis shifted to selecting

pedagogical techniques that would reveal what knowledge the students had constructed

and how they experienced the learning environment. Students were now perceived as

constructing knowledge no matter what pedagogical approach was used. The activity

basis for teaching was retained, with the emphasis on the benefit of experiencing

statistical thought through the completion of a task.

An explicit focus on learning how to learn was incorporated into the third

implementation as students needed to be aware of the gains they had made in learning

to learn. They needed to learn how to deal with negative emotions. Important and

complicated ideas, easily acquired using the activity based approach, were often

dismissed as too easy to be important, and the associated feeling was that they had not

learned anything. Students needed to be able to handle the discomfort associated with

uncertainty; uncertainty expressing ideas in writing; uncertainty associated with not

being told what to learn; and uncertainty in not obtaining deterministic answers.

Students needed to learn to write effectively. They needed to value the learning process

and to recognise what they had overcome in the process of learning statistics, whether it

was overcoming issues arising inside or from outside the classroom.
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Based on the experience gained in this project, a model for improving statistical

education in the broadest sense would involve a reflective practitioner methodology.

Reflection upon student lives (current, past and future intent); curriculum (fundamental

statistical ideas), the pedagogy, and how students experienced learning are all objects

for reflection. Reflection also includes the comparison and contrast of experiences and

understanding of the teacher with those reported in the literature. In this study, the key

to improving students' understanding has been attributed to that part of the reflective

process that has focussed on making explicit the fundamental concepts of the discipline.

Improving students' affect has been attributed to the inclusion, within the activity-based

pedagogy, of an explicit focus on learning how to learn.
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Section 1

An Introduction

The teacher with his watering can

Of formulae and words,

Of theories, theorems, epigrams,

Hypotheses and surds,

With cunning, wisdom, wit and stealth

Pretends to rear the perfect man

Exactly like himself

But what he's really looking for

Are funnels stuck in ears

Down which he may hopefully pour

(to boost his ego, calm his fears)

his facts and figures, data, dates,

the knowledge he anticipates

will cancel all arrears.

"An Image from Montaigne" (Kellaway, 1922)
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CHAPTER 1

A Journey Begins

It takes two studies to present one in qualitative research.  One is the official research
project and the other study is the study of that study. (Chenail, 1995).

...and so it has been with this thesis. The final product is the culmination of a seven year

study. The thesis began as a project initially titled Unpacking statistical experts’

knowledge in order to teach better. It evolved into the thesis now titled Improving

statistical education through the experience of reflective practice. The basis of the

telling in this thesis is the story of the journey from one view of how to improve

learning to another.

The story tells of a journey from perceptions and misperceptions of theories and

methodologies to new perspectives. The research framework can now be readily

described as a qualitative study (see for example Dey, 1993) involving a self study of

practice (Schon, 1983) and as utilising a teacher-as-researcher (see for example Adler,

1993) mode of research. Reflection-in-action and reflection-on-action (Schon, 1983) are

the primary mechanisms for making sense of the data and hence for developing a

grounded theory as to how to improve statistical teaching and learning. The pedagogical

approach stems from a constructivist philosophy of coming to know, intertwined with

principles associated with experiential learning. The mode of inquiry can be justified:

…by focusing on personal practice and experience, teachers may undertake genuine inquiry
that leads to a better understanding of the complexities of teaching and learning. (Loughran
& Northfield, 1996, p. ix).
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This is not how the story began.

In one sense, the story had no definable beginning. Experiences as a student and teacher

years before 'the study' helped shaped the work. The story also has an arbitrary ending,

recognising that 'theory is an ever-developing entity, not as a perfect product' (Glaser &

Strauss, 1967, p. 32). The ending represents a pause between further teaching

experiences and growth in understanding, a pause in which this thesis was written.

Furthermore, in using this narrative approach (see for example Clandinin & Connelly,

1991; Mattingly, 1991) to document the enquiry, it is now recognised that:

Narrative inquiry is not the search for 'the' truth but, instead, a never-ending construction
and reconsideration of situated meanings. While our encounters with reality may produce a
meaningful and understandable flow of experience, what we experience is produced by the
action of our organising schemes on the components of our involvment in the real world.
(Diamond, 1997, p. 146).

The beginning of the project, is described by the formal aims and objectives, just as they

were elaborated in the initial months of doctoral enrolment.

1.1 A Statement of Aims

The purpose of this study was to develop a grounded theory of the teaching of statistics.

The intention was to explore the relationship between two themes. The first theme was

that of 'unpacking the expert in order to teach the novice' better (Bain, 1990, p. 119).

The expert of interest was the self as teacher although the method of making explicit

this expertise involved examining the expertise of others. In his paper Bain, recognised

that teachers need to understand or make explicit their own conceptions and skills in

order to be able to teach better. The second aspect of the study involved elaborating

those aspects of teaching and learning which characterise 'student-centred approaches',

that is, understanding student conceptions and skills as they impact on their learning.

The following aims were proposed:

•  to identify the fundamental concepts, the theory, and the logic that expert
statisticians use in their construction of statistical knowledge;
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•  to unpack my own statistical knowledge, through the unpacking of other statistical
experts;

•  to develop curricula, directed at teaching novices, which have as their focus experts'
key statistical concepts, theory and logic;

•  to develop appropriate methodologies for the implementation of the curricula;

•  to implement an introductory statistics curriculum; and,

•  to develop a theory of teaching statistics which has been grounded both in the world
of the statistical expert and in the reality of the classroom.

To fulfil the aims, the following questions were used to guide and frame the study:

•  What fundamental statistical concepts guide experts?

•  What aspects of statistical theory does an expert consider essential in the elementary
practice of the discipline?

•  What is the nature of the logic that statistical experts use?

•  How are the logic, theory and these concepts combined?

•  How does that logic, statistical theory and these fundamental statistical concepts
differ between experts?

•  How can these essential components of statistical experts' knowledge and
knowledge processes be reflected in the statistics curriculum?

•  What educational processes and structures need to be in place to assist learners of
statistics?

•  What student characteristics, both real and imagined, enable/inhibit student
learning?

•  What role does language, as widely defined, play in the learning process?

•  How does the educational context influence the teaching and learning of statistical
concepts?

1.2 An initial model for the conduct of research

A static representation of the model for exploring the improvement of statistical

education through the unpacking of statistical knowledge is presented in Figure 1.1. The

aim was to develop curriculum materials based on the central concepts identified by the

unpacking of experts' and the teacher's statistical knowledge. Subsequently these were
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to be combined with appropriate theories as to how to educate. The curricula and

appropriate pedagogical practices would define what and how materials were to be

presented. If the statistical education was to be considered successful, the experts'

conceptions could be expected to develop within the students' knowledge structures.

Through the processes of unpacking expertise and developing and implementing the

statistics curriculum, the operation of the model is dynamic, with feedback from

students and experts leading to modifications of the curriculum.

Figure 1.1 The interplay between statistical knowledge, processes and student
learning.

Improving Statistical Education

Experts'
knowledge 
structures 

Students'
knowledge 
structures

Curriculum Development

Methods of 
presentation for 

meaningful 
learning

Teacher-researcher's 
statistical knowledge & 

educational theories  

by identifying 

A continuous cycle of reflection, teaching and statistical practice, modifying teaching

and more reflection ensured that the emergent theory of teaching statistics was well

grounded in classroom practice.

1.3 Rationale for the Study

Students frequently view statistics as the worst course taken in college. (Hogg, 1991, p.
324).

The reasons for this reaction to Statistics may be manifold. To counteract these

reactions, many lecturers attempted to engage students by changing their pedagogical
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techniques. Strategies to enhance the learning of statistics have included using

technology (Phillips & Jones, 1991; Stephenson, 1990; Yarbrough & Gilbert, 1999) and

statistical learning packages (Marasinghe, Meeker, Cook, & Shin, 1996). They have

included the designing of surveys (Winqvist, 1991), using real data (Carlson, 1999;

Roberts, 1993), having students undertake projects (Green, 1991) and so use the data

they have collected. Hogg (1991), for example, used projects. He says:

…give students experience in asking questions, defining problems, formulating hypotheses
and operational definitions, designing experiments and surveys, collecting data and dealing
with measurement error, summarizing data, analysing data and communicating findings,
and planning 'follow-up' experiments suggested by the findings. (p. 342).

Students, particularly those from the discipline of Psychology, who sought help in the

University of Wollongong Learning Development Centre, often had their statistics

learning supported by laboratory exercises and projects in which they designed and

carried out experiments. These students recognised that they could calculate and write

up statistical tests without ever being sure what it all meant. As one student who sought

help in our University Learning Development Centre stated:

Why I am here is to learn how to analyse questions and get a better idea of the concepts
behind stats - I can follow formula but have no idea of the concepts. (Porter, Griffiths, &
Hedberg, 1993).

A second Psychology student, Mary, sought help despite getting 100 % in her statistics

tests. The test included questions requiring calculation of the standard deviation,

independent t-test (t-test for use with independent samples) and related t-tests (paired t-

test). Mary said:

I got lost when the big letters eg 'X' and the little letters 'x' were used. I got through because
I can extend from mock up tests to tests but I did not understand the whys and wherefores,
and at times the tutor/lecturer would write one thing and then say 'wrong one' e.g. 'X', 'x'
scrub it out and write the other. Standard deviation, standard error, what is the difference? .
(Porter et al., 1993).

Difficulties in engendering meaningful learning are evident across the educational

spectrum. Novak and Gowin (1984) described this lack of meaningful learning in a
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typical educational situation. Students engaged in methodological or procedural

activities were characterised as follows:

[They] are usually not consciously guided by the kinds of conceptual and theoretical ideas
scientists use in their enquiries - there is no active interplay between the thinking… and the
doing… (p. 56).

Evidence of this failure to engender meaningful, as distinct from rote learning, can be

found in the many disciplines in which Statistics is taught, whether it be Psychology,

Economics, Geography, Sociology, Biology, Education and equally in the Statistics

discipline itself and elsewhere.

It is the perception of many statistics educators that engendering meaningful learning in

the student of Statistics is not readily accomplished. Students can often master the

different statistical procedures but lack understanding of the theory underlying these

procedures. (See for example Karake, 1990; Wells, Pollatsek, & Boyce, 1990). As

Burghes (1993) said of his students:

I can get my students to pass their exams ... but so far I’m sure that I haven’t been able to
give them any real understanding and feel for the subject. (p. 68).

The principal mechanism that was employed to assist students seeking help in the

Learning Development Centre involved the examination of Statistics through

frameworks (see Chapter 2 for examples). Brew and Boud (1995) characterised this

approach to teaching as one which:

…stresses the need for students to organise their ideas into a framework. The students' task
is to deepen their understanding by refining their sense of the way the ideas link together in
an overall pattern. The emphasis is on understanding rather than just on memorising and
application. (p. 266).

This approach to remediation was an attempt to counteract the pervasive sense that

students sometimes have of statistics being an endless collection of rules and formulae,

with little connection between them. Corresponding to this, is the conception of
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knowledge identified by Brew and Wright (1990). In this study, lecturers and tutors

were described as seeing:

…knowledge in terms of a set of more or less discrete facts which were then applied. The
students' task was seen as learning the facts in order to use them to solve problems. The
implication was that students have to learn to assimilate the facts and also learn to apply
them… The assumption is that the more facts one has the better one is able to solve
problems. Not only that but the facts tend to be viewed as separate. (p. 206).

Frameworks helped elucidate the content or process the students were required to learn.

However, the remedial teacher continually questioned 'Why are students being asked to

do this?' When moving from an academic role to that of a statistician, Pike (1994)

asked, 'Why is the reality so different from the expectation?' There appeared to be a

mismatch between the questions and procedures undertaken by students in courses and

those undertaken through the practice of statistics or statistical consulting. This

observed discrepancy was one of the driving forces for the orientation toward unpacking

experts' knowledge in order to appropriately structure ideas as they were introduced to

students.

1.4 Stages of research

The stages of the study and methodological approaches are summarized in Table 1.1.

The table represents what emerged as the design, or course of action, rather than what

was planned.  The initial phases of research included:

•  identification of the methodological approaches or frameworks for undertaking the
research;

•  positioning of myself as researcher in relation to the research; and,

•  finding ways to represent knowledge structures and the unpacking of statistical
expertise in order to identify central statistical concepts (an ongoing pursuit).

These initial phases were followed over a period of 18 months by three sequential

implementations of statistical literacy curricula, providing the primary source of data for

educational theory building. Over the subsequent two years, there was a search for a

unifying theoretical and methodological framework that could encompass what had
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transpired. During this time, the practice of teaching in the same and varied contexts

allowed for verification and extension of the emergent theory. The final phase involved

finding a unifying framework for the findings. This required a sustained period of

reflection on what had transpired throughout the study; reflections as to the nature of

reflection itself and, finally, identification of areas of accord and discord between ideas

generated by the grounded theory approach and that of the theories of others.

Table 1.1: An emergent design

Phase 1: Initial Research frameworks
•  Qualitative research, grounded research, ethnography

Phase 2: Positioning myself as a teacher, learner & statistical  consultant

Phase 3:  Unpacking central statistical concepts
•  Finding ways to represent expertise
•  Unpacking of expertise: self, professor-expert and other experts
•  Using the tools observation, discussion, questioning, concept mapping, Gowin's V

heuristic, developing frames, mapping text, joint writing, multimedia development and
literature analysis

Phase 4:  Implementation: theory development

Cycle 1 Baseline implementation: Initial curriculum
•  Develop pedagogical practices: experiential, activity based, no text, language

immersion, silence, small group, videos & worksheets
•  Implement, reflect, assess, observe and ask students, action research

Cycle 2 Curriculum more coherent : 'Statistics is about variability'
•  Implement, reflect, assess, observe and ask students, action research

Cycle 3 Focus on learning how to learn
•  Implement, reflect, assess, observe and ask students, action research

Phase 5: Teaching in other contexts: verification and extension of theory
•  Statistical literacy for law students
•  Statistical literacy for arts students.
•  Introductory statistics subjects

Phase 6: Finding a unifying framework for improving the learning of Statistics
•  Reflection on Reflection: addresses 'what was the mechanism of change?'
•  Data accord and discord with other theoretical positions

1.4.1 Initial research frameworks: representing and unpacking expertise

When the thesis began, the researcher was captivated by Bain's (1990) suggestion that,

in order to improve our own teaching, teachers' should make explicit their own implicit

understanding of their discipline. This study was conceived of as the ultimate irony: a

qualitative approach (see for example Dey, 1993) was chosen in order to study a

quantitative discipline. The researcher, a psychologist re-educated as a statistician and
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steeped heavily in experimental methodology, chose to explore non-experimental ways

of coming to know. The act of research was an exploration of a different form of

knowledge building. The 'primacy of emphasis' in this research was to be on the

construction of theory rather than on the verification of theories and hence on

qualitative approaches rather than quantitative methods (Glaser & Strauss, 1967).

In the first phase of this study the teacher-researcher chose to unpack her own expertise

primarily through the exercise of unpacking, in depth, another expert's knowledge, a

Professor of Statistics (and Rhodes scholar). The exercise remains necessarily

incomplete. Both the expert and novice continue to develop their knowledge structures,

as does the discipline itself. Indeed, the aim of unpacking an expert's expertise was, in

one sense, foolish. Pick an expert, many years senior in statistical experience and

unpack what they understand and represent it in some simple manner! One of the first

books read on unpacking expertise, with a title long since forgotten, was based on such

a study with the researcher stalking the object of study in the wee hours of the morning,

watching them work in their lab. This is bizarre, to say the least. In this instance, the

method of unpacking expertise was pervaded by a sense of controlled chaos. As is often

characteristic in grounded research, the method was at times formal, meeting at a set

time and place with a technique such as concept mapping. At other times, it was the

recall of interactions that took place many years earlier, observation, or simply by being

able to work on joint research and teaching projects with the expert. At times a diary

was rigorously kept; at other times it lapsed.

Armed with an arsenal of tools for representing (described in Chapter 2) and unpacking

expertise (described in Chapter 3), recognising the vastness of the unpacking necessary,

the approach embodied what might be called a lifestyle approach to research. It could at

times be considered to be an ethnographic approach.

The unpacking has been of sufficient depth to encompass designing the curriculum of

both a statistical literacy subject and an introductory tertiary level statistics subject. In

accord with grounded theory the data collection can stop when new conceptualisations

emerge (Creswell, 1998). There has been a pause in the unpacking to permit writing.
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The second descriptor of the research methodology was that of grounded research (see

for example, Creswell, 1998; especially Glaser & Strauss, 1967; Miller, 1995). Rather

than setting out to verify a particular theoretical position, the teacher-researcher was to

immerse herself in data and, from it, develop theories about what transpired. The aim

was to develop a theory of teaching statistics that was grounded both in the world of the

statistical expert and in the reality of the classroom.  In this manner, the theory should

'fit the task and work' (Glaser & Strauss, 1967), and hence be a useful guide to

improving teaching and learning in the Statistics classroom.

The study was to have two phases: identifying statistical experts' knowledge to build a

curriculum; and secondly, implementation of the curriculum and evaluation. It was the

continued iteration between these two phases, examining experts' knowledge, and

seeking answers and evidence as to how best to teach that a theory of how to teach

statistics was to emerge. Fieldwork, observations, documents and a number of other

strategies were to be used as a source of data from which the theory could be derived.

With the experience of implementing the curriculum  (refer Chapter 5), the emphasis of

the thesis shifted from unpacking expertise to a focus on how students learn. In

accounting for the changes, the emphasis of the thesis again shifted as the teacher-as-

researcher examined the reflective process through which change was engendered

(Chapter 6).

In undertaking research in this manner, there was a sense that prior theoretical

knowledge could impede the process of developing grounded theory. The experience of

moving from psychologist to statistician had involving relearning statistical language

and many statistical concepts. Therefore, in the early stages there was no attempt to

further develop a theoretical framework nor methodological approaches, although there

was an attempt to clarify existing thoughts. However, consistent with the grounded

theory approach, there was a perceived need for the researcher to set aside theoretical

ideas in order that a substantive theory could emerge (Creswell, 1998) and hence there

was early recognition of the need to position myself in relation to the research.
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1.4.2 Positioning myself

'Instead of doing and writing up 'a' piece of qualitative research the 'I' becomes part of

the research' (Geertz, 1983). As Guba (1990) suggested, one's paradigmatic groundings

both shape and conceptually limit the research endeavour.  For this reason, I, the teacher

and researcher, initially made an extensive statement regarding the nature of acting as a

good or bad teacher, learner, and statistical consultant, in order to position myself in

relation to the research. This was an attempt to set aside my beliefs about statistical

expertise, teaching and learning. It was an attempt to free myself from being theory-

bound, so that I could identify the expert's knowledge structures in contrast to my own.

Further it was so that I could observe what took place in the classroom in order to

develop from the data a theory as to how to improve the learning of statistics.

In the reflection phase of the research, these initial positioning statements were to

provide a source of data. These data could be examined during the reflective phase to

see whether or not expectations were confirmed or rejected.

1.4.3 Literature search: purpose

In grounded research, drawing upon observations of the data is pre-eminent in

developing theory. In this regard, one needs to be careful in drawing upon literature and

the theories of others at too early a stage. Marshall (1990) requires that in a good piece

of qualitative research:

…  it is clear that there was a phase of 'first days in the field' in which a problem focus was
generated from observation, not from library research. In other words, it is a study that is an
exploration, not merely a study to find contextual data to verify old theories. (p. 194).

In this thesis the initial purpose of the literature search was to:

•  guide the process of unpacking expertise, by providing controversial issues which
could highlight the logic used when an expert chose one approach in preference to
another; and,
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•  identify contradictions, controversies, alternate approaches and problems in current
statistical thought and statistical education practice.

The review was also very much a part of grounding of the emerging theory of teaching

statistics. When issues emerged throughout the process of unpacking expertise, readings

would centre upon those issues. In a similar manner, at the end of each implementation

of the curriculum,  the literature was searched for articles which 'spoke to me'. These

articles seemed to convey a feasible explanation for what had been observed in class. In

the next session's teaching, the curriculum and teaching methodology were modified as

the reading, reflection and further consultation with the expert suggested.

Further, the literature was used to identify 'the comparisons that the author has forgotten

or "thrown away" because of his initial focus' (Glaser & Strauss, 1967, p. 90). Thus, in

the final phase of the research, it was possible to reflect upon areas of accord and

discord between emergent themes, preconceptions and those suggested by the literature.

1.4.4 Identifying and representing central statistical concepts

Prior to the first implementation of the curriculum, there was an intensive period of

searching for ways to represent knowledge and techniques to assist in the unpacking of

statistical expertise. This activity became intertwined with the implementation phases of

the study as teaching itself was opportunistic, commencing before the unpacking phase

was complete. Further, observations of the teaching and student learning outcomes and

processes inspired further unpacking of statistical expertise.



14

1.4.5 Implementation of curriculum

The first implementation of the Mathematics and Statistical Literacy subject1 provided a

base level of performance, but initiated a shift in the curriculum so that it was more

coherent and closer to one expert view that statistics is a study of variability. The second

implementation of the subject used a modified curriculum. Throughout these first two

implementations, questions which emerged and re-emerged were 'how it is we come to

learn?' and 'what do theories or philosophies have to say about the construction of

knowledge?' The third implementation of the subject, by then titled Learning

Mathematics and Statistics, had the students focus more heavily upon how it is that

they, as students, learned. However, the requirements for the mastery of the statistical

and mathematical materials remained the same as in previous implementations.

1.4.6 Teaching in other contexts: verification and extension of theory

The three implementations provided the majority of the formal data for this thesis.

However, implementing modifications of 'the curriculum' continued. Ongoing teaching

to other classes stimulated reflection upon the data. The change in teaching context

provided an opportunity to examine specific aspects of teaching and learning statistics.

The teaching in this phase involved:

•  Learning Mathematics and Statistics for more groups of tertiary preparation
students with a specific focus on students' interpretations of feedback;

•  Statistical literacy for arts students;

•  Statistical literacy for law students; and,

•  other introductory statistics programs (informatics - mathematics and information
technology students, for engineers, and for scientists).

                                                  

1The reference to mathematics is often omitted as the focus of the work is on the statistical component of

the course.
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These additional implementations continued to inform practice. They inspired reflection

upon the three detailed case study implementations and allowed the possibility of

verification and extension of emergent themes.

1.4.7 Finding the unifying research framework: reflection on practice

The final phase, extending during and beyond the period where implementation

continued to inform practice, involved a period of reflection on practice or more broadly

reflection upon what had transpired throughout the study and subsequent teaching. A

journal entry 7/12/94 reminded me that in terms of the basic statistical concepts and the

emergent theory of teaching and learning, the outcomes were the ends sought in this

study, not a story about the methodology. However, the process of reflection, the action

of being teacher-researcher, reflective practitioner or undertaking a self study, became

more than additional emergent descriptors of the methodological approach. They

became than the means of connecting and directing the data gathering and interpretation

throughout the study. Reflection during the practice of teaching or reflection in practice,

as coined by (Schon, 1983), was identified as one of the major mechanisms for

improving learning in the classroom. This was seen as a major shift in focus, and thus

the story about the study became enmeshed with the study itself.

When reflective practice was coined as the third methodology descriptor it was loosely

described as thinking about what had transpired in the classroom. Around this time a

colleague commented, 'I think about it, then I change my teaching. But it doesn't make

any difference'.  Thus, the final stage of the research was spawned. As other researchers

have asked (see for example Bengtsson, 1995; Eraut, 1995; Korthagen & Wubbels,

1995; Lucas, 1996; Naysmith & Palma, 1998; Quicke, 1996; Van Manen, 1995), so it

was asked of this research 'What is nature of reflection and reflective practice?' The

question became 'What is it that I or the students have done that has led to an

improvement in learning outcomes?' 'How can this process be communicated to teachers

who may wish to change their teaching and improve it?' This phase has involved an up-

ending of the reflection process, spawning questions in this thesis such as: how has this

reflection taken place?…what triggered it?… and, was it the practice of teaching,



16

remnants of theory, or philosophical positioning or some other aspect that directed the

reflection? What do other researchers have to say about the nature of reflective practice?

This phase is detailed in the final chapter.

1.5 Philosophical assumptions

During the phase, positioning of the teacher  (as described in Chapter 4), there was an

oscillation between what was interpreted as different theoretical or philosophical

positions regarding teaching and learning. There was no satisfactory resolution at the

time, nor indeed was there an attempt to delve more deeply into the teacher-researcher's

own theoretical or philosophical position by researching, then adopting, one or other

position. Experience over fifteen years in the fields of psychology and education formed

the basis of how to proceed: a more recent focus in statistics had allowed the

distinctions between educational and psychological theories to recede. To adopt a

particular theory would have run contrary to the aim of developing theory from the data

and, as Glaser and Strauss (1967) suggest, would have led to the risk of forcing the data.

Rather, there was an attempt to describe beliefs and to leave the distinctions between the

theories a little blurred in order to see what emerged. That which emerged could then be

viewed as different or similar to the initial position.

However, in general, the philosophical leanings were, and remain, in accord with a

constructivist view of the how knowledge is constructed. Initially that view was not

greatly deeper than the claims made by radical constructivists:

1. Knowledge is actively constructed, not passively received, either through the senses or
by means of communication.

2. Coming to know is an adaptive process, tending towards fit or viability.  It serves to
organise one's experiental world, not to discover an objective reality. (von Glasfield cited in
Barnes, 1994, p.1).

Associated with this view and integral to this study was the view of the role played by

reflection.  As Barnes (1994) said, 'engaging in activity of itself does not bring about

learning'. It is reflection that highlights the conflict between the old knowledge structure
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and the demands of new information to be accommodated within it. These ideas were

initially interpreted, as others have, as implying a particular mode of teaching, namely, a

constructivist mode of teaching, wherein students were to construct their own

knowledge and to reflect upon it. From this accident of interpretation, which is

discussed in Chapter 5, flowed insight into the students' learning, a questioning as to the

ontological and epistemological assumptions regarding the nature of coming to know.

These were questions such as those asked by Stevens (1994) when examining

implications of the various philosophical assumptions underlying different forms of

constructivism. Stevens asked 'Does an external reality exist?', 'Does it exist

independently of the observer?' and, 'Is it possible to know this reality objectively?' In

the context of this work another question was of concern; 'What were the implications

of these different philosophical positions for the unpacking of expertise and for student

learning?' Throughout the study terms glibly adopted and assumptions held became

challenged. As has already been alluded to, 'What does it mean to reflect?' and, 'What

role does reflection play in learning?' became closely scrutinised questions, as they have

for others. At this point, the sources of ideas and interpretations of the literature became

an issue, as the teacher-researcher found many nuances in what others had written.

Through the practice of teaching, theories about how students learned were beginning to

emerge or be rewritten.

1.6 The next phase of the journey

Chapter 2 documents an early phase of the research; the search for tools to explore and

represent knowledge. The aim was to establish a mechanism for the description of the

central concepts and the theory and the logic that expert statisticians use in their

construction of statistical knowledge. However it was soon recognised that there was a

link between mechanisms for representing knowledge and theories and models of

'coming to know' or learning.
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Section 2

Unpacking and Repacking
Statistical Knowledge

(Writings, October,1993)
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CHAPTER 2

Representing Knowledge

Structures

2.1 Introduction

Through this thesis, I aimed to improve learning by identifying central statistical

concepts and building these into the curriculum; to implement that curriculum; and,

flowing from this, to develop a theory of statistical education. There were three sources

of statistical expertise to be mined. The initial orientation of the study was to unpack in

depth the expertise of one statistical expert (henceforth called the professor-expert).

This was supplemented by a more general exploration of the expertise of others

(referred to as other experts). However, in accord with Bain's theme, the ultimate aim

was to unpack my own statistical expertise in order to improve teaching and learning in

my classroom.

From the outset, it was apparent that the true structure of any expert's knowledge (even

my own) is not readily accessible, nor is it packaged in a visual form to be instantly

articulated. In the initial months of the research project, the emphasis was on identifying

and use of tools to help elicit and represent statistical knowledge. Associated with this

was the need to establish a methodology that resulted in valid representations of the

experts' knowledge.



20

Given cognitive scientists' attempts to answer questions about the nature of knowledge,

its components, its development and its use (Gardner, 1985) or on coming to know

(West, Farmer, & Wolff, 1991) it is not surprising that many of the ideas and techniques

developed by them were useful in eliciting and describing knowledge structures. The

tools and techniques for eliciting, representing and utilizing knowledge were drawn

primarily from the three areas:

•  knowledge aquisition for expert systems, where 'the goal of knowledge aquisition is
to model the knowledge of one or more experts in a way that will allow it to be
encoded into an expert system.' (Brule & Blout, 1989, p. 1);

•  psychology, especially cognitive psychology (see for example, Anderson, 1985;
Eysenck & Keane, 1990; Stillings et al., 1995), in which tools have been developed
to elicit reasoning that is often inaccessible, unconscious or intuitive (see for
example, Brule & Blout, 1989; Fransella & Banister, 1977); and,

•  instructional design, where the instructional process is to develop students'
knowledge, including learning how to learn, developing students' awareness of
appropriate cognitive strategies, and the identification of appropriate cognitive
strategies for use in the 'teaching-learning transaction' (West et al., 1991).

Whilst these tools were used initially to explicate and describe others' expertise, it was

anticipated that they would later be used in both the teaching and learning of statistics.

Indeed, the teacher-researcher's personal experience of successfully helping students

understand statistics involved jointly developing frameworks which could encompass

the statistical ideas and procedures they were learning. Hence, the techniques used to

represent statistical knowledge, and from this to develop the statistics curriculum, were

also influential in both the implementation and evaluation of student learning. In this

manner, an implicit connection was made between the tools selected for the purposes of

explicating and representing expertise, and theories of how it is we come to know.  As

West comments, 'the cognitive strategies are a collection of known ways that people

learn' (p. 26). This is problematic in relation to the purpose of developing a theory of

statistical education grounded in the data of the classroom.  The question remained

'Would the emerging theory of improving statistical education be attributable to the

methods used?', that is, 'Would the theory be methodologically bound?'

In this context, the purpose of this chapter is to:
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•  describe more of the story that was thus begun in the first year of research;

•  describe the sources of expertise which were to be unpacked;

•  establish a methodology which would provide plausible representations of
knowledge;

•  examine the initial positioning of the teacher as researcher in relation to the theories
of how we come to know;

•  identify different types of knowledge;

•  identify the techniques and strategies which formed the kit for unpacking and
representing different types of knowledge; and,

•  indicate how some of these seemingly simple ideas took on new meanings
throughout the course of this thesis.

2.2 Sources of expertise for the unpacking

The levels of statistical knowledge of the experts to be studied were not measurable.

However the experience of the professor-expert, other experts and the participant

researcher can be characterised as follows.

The professor-expert

The professor-expert whose knowledge formed the focus of an in depth case study was

a former Rhodes scholar and statistician with the Commonwealth Scientific and

Industrial Research Organisation (CSIRO), a Professor of Statistics, with experience in

both teaching and consulting in Statistics, and with a number of diverse scholarly

publications.

Other experts

The exploration of other experts supplemented and provided a contrast to the professor-

expert's knowledge. The access to these experts was, to some extent, opportunistic.

Their qualifications and work experiences could not be formally assessed. The other

experts were those who in some way proffered their statistical know-how. Contact with

these experts was typically through discussions of this study with visiting scholars or
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through interaction at conferences. These discussions were often illuminating and

unpredictable in outcome. Debates in the literature also provided sources of expertise, as

did textbooks. Formal exercises conducted with statistics scholars at conferences and

seminars also added to the understanding of possible structures for statistical knowledge

although the experts were not separately identified.

The participant researcher

In accord with Bain's theme the ultimate purpose was to unpack my own statistical

expertise. This was ultimately linked to the process of unpacking the knowledge of the

professor-expert and the other experts. At the time that this project began, the

participant researcher had completed a Bachelor of Commerce with Honours in Applied

Psychology, Diploma in Education, Diploma in Computing Science, Graduate Diploma

in Mathematics and an Honours Masters of Science. These latter qualifications both

involved a specialisation in Statistics, whilst the first two involved completing service

based subjects in statistics. At the commencement of this work, the participant-

researcher held an appointment as a lecturer in a University Learning Development

Centre assisting graduate and undergraduate students, primarily in the field of Statistics.

In the two years immediately prior to commencing this thesis the researcher's primary

role was as a statistical consultant for academics and graduate students in a Faculty of

Health and Behavioural Sciences. For the previous ten years, multiple roles included

those of teaching, research, administration, computing, and statistical consulting.

2.3 Creating an unpacking environment

The approach taken to unpack statistical expertise recognised that the unpacking of

expertise would be an intensive process. The selection of the professor-expert in the first

instance involved establishing a supervisor/student relationship with someone whose

teaching and consulting had been observed for a period of five years. During that

observation, the professor-expert had revealed himself as someone capable of

illuminating statistical theory and practice. Not only could these previous interactions be
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drawn upon, but a commitment to interaction with the researcher was made for an an

additional period of six years.

From the outset, a collegial environment was intentionally established. This permitted

the opportunities for unpacking expertise to extend from formal data gathering exercises

to that of naturalistic settings (shared research projects, teaching support, joint

publications and committee work) utilising ethnographic methodology.

Whilst the case study began as a study of other it was quickly evident that the study of

self was inextricably bound to the examination of the other. The search for a coherent

statement of fundamental concepts and their linkages was driven by the participant-

researcher making sense (and ultimately her students making sense) of this expert's

knowledge and logic. It was in this manner, that the 'I' was afforded the role of

participant researcher in the study rather than that of neutral observer. Thus, the

methodology for unpacking expertise necessarily drew upon a participant-researcher

model of research. In the words of Dey (1993):

Analysis often proceeds in tandem with data collection, rather than commencing on its
completion. The resulting analysis is contingent in character, since it in turn stimulates and
is modified by the collection and investigation of further data. The researcher meanwhile
becomes a participant in his or her own research project, for their own interpretations and
actions become a legitimate object of subsequent analysis. Information on the researcher's
own behaviour and thinking, in the form of fieldnotes, memos, diary or whatever, can
become a vital source of data for the analysis. (p. 37).

However this method of research has to contend with the possibility of bias due to the

researcher's participant role. As Dey discussed, qualitative researchers may use

observational methods which produce data inconsistent with how subjects experience,

perceive or explain events. Subject's explanations of events may involve unrecognised

assumptions. And so it was experienced in this study, as captured by the cartoon in

Figure 2.1. After a session with the professor-expert the researcher, acting as a scribe,

made a simple translation in ordering two concepts. This was seemingly a slight change,

but for the professor-expert it represented a significant change in meaning.
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Figure 2.1 Changing meanings in the unpacking phase. (Writings, 1993)

2.4 Validity

When collecting and analysing qualitative data, safeguards are necessary to protect

against fabricating evidence; discounting evidence and misinterpreting evidence. All

empirical studies must address the challenge 'how do they know what they claim to

know' (Schon, 1991, p. 343). For it is important to note that the neutral observer is a

myth. External validation is often not possible although corroboration by other

collaborators is possible.

The trouble is that we tend to see what we want to see, and hear what we want to
hear...Miles and Huberman describe 'plausibility' as the 'opiate' of the intellectual. (Dey,
1993, p. 222).

Given the interpretative nature of one researcher explicating another's knowledge

structure, a procedure that involved the expert in commentary upon the unpacking of

expertise was deemed necessary. The established collegial environment provided many

opportunities for interaction and the corroboration of interpretations made of the

professor-expert's understandings of statistics.
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Throughout the unpacking phase, the professor-expert often provided a commentary

upon the researcher's interpretations. This at times involved the professor-expert in

altering concept maps or frames which were based on his draft statistics textbook but

constructed by the researcher. At other times the commentary came through jointly

writing scholarly papers (Porter, Griffiths, & Hedberg, 1993; Porter, Griffiths, &

Hedberg, 1994a; Porter, Griffiths, & Hedberg, 1994b; Porter, Griffiths, & Hedberg,

1994c) or through critiquing papers written by the researcher (Porter, 1993a; Porter,

1995; Porter, 1996a; Porter, 1996b). The collaborative process established to unpack

expertise became an importance source of corroboration of interpretations. The meaning

that was attributed to the professor-expert's actions, words and omissions in publications

were vetted and modified where necessary. This cyclical loop involving the professor-

expert and researcher is one of the characteristics of an action research paradigm and

necessary to ensure a reasonable representation of the professor-expert's views.

The process of unpacking the professor's statistical expertise commenced prior to the

development and implementation of a statistics curriculum.  However, it continued later

in tandem with teaching and observation of the students' learning processes. The focus

was sometimes the expertise of the expert professor, sometimes the less detailed

representations by many other experts, and at other times the students' conceptions and

misconceptions.

It is highly likely that most experts themselves have not come to closure on certain

topics. It was apparent that the professor-expert's elaboration of ideas continued to

develop throughout this project, and indeed new practices and theory continue to

emerge within the discipline. Until the participant researcher could resolve any

perceived (not necessarily real) inconsistencies in the experts' logic the task was not

completed. Until the professor-expert commented upon the knowledge structures as

depicted by the teacher-researcher and as action research demands, the task was not

finished. It was recognised that the task would need to be limited to the sorts of

statistical ideas that were suitable for introductory statistics teaching programs. The

cessation of the process of unpacking expertise was necessarily arbitrary and driven by
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time constraints. It is not possible to know all that another knows, nor therefore to fully

extract its meaning. Conclusions were expected to identify unresolved issues.

2.5 Positioning in relation to theories of coming to know the world

There are various theories of how it is we come to know. Several of these have, as

integral parts, ideas about the structure of knowledge and these ideas in turn can be

linked to the use of knowledge structures in teaching and learning. At this stage, the

examination of these theories was from a positioning perspective, rather than an attempt

at resolution of what the various theories had to say about coming to know. It was

important to identify those aspects of theory that had become embedded in the psyche of

the teacher-researcher. Those aspects formed the starting position from which the

grounded theory of learning was to emerge. Hence it was important to clarify personal

knowledge of them and what had been embraced within them.

2.5.1 Positioning the researcher

From the beginning, there was a gravitation to aspects of what was then discerned as

two broad sets of theories, Cognitive Psychology and Personal Construct Psychology

(PCP) (Kelly, 1955a; Kelly, 1955b). For the researcher, there was a sense, initially not

well articulated, that they were different. For some, Kelly's PCP is viewed as a cognitive

theory (Rychlak, 1983), whilst others suggest that Cognitive Science pays less attention

to emotions and individual differences than does PCP (Gardner,1985). Similarly,

Stevens (1994) suggests that cognitive theories emphasise the cognitive or intellectual

nature of processes rather than 'the undifferentiated intellectual/emotional/conative

means of man interacting with the world'. Irrespective of how each set of theories could

be classified, what was absorbed from each theory was not exhaustive of the theories; at

times there were similarities in ideas, and at times different aspects of each were drawn

upon. Those ideas which were perceived as influential were the ones which were taken

up for discussion.
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2.5.2 Contributions from Kelly's Personal Construct Theory

It was Kelly's theory that was pivotal in my recognition that I could act as a practitioner

of Psychology. It provided me with a way of being a Psychologist or therapist, a way of

working with people. One of the central ideas that connected with some sense of

personal philosophy was that of constructive alternativism. As Kelly explained:

The theory is based upon the philosophical position of constructive alternativism, the notion
that there are many workable alternative ways for one to construe one's world. The theory
itself starts with the basic assumption, or postulate, that a persons' processes are
psychologically channelized [sic] by the ways in which he anticipates events. That is to say
human behaviour may be viewed as basically anticipatory rather than reactive, and that new
avenues of behaviour open themselves to a person when he reconstrues the course of events
surrounding him. (Kelly, 1955b, p. 3).

My understanding of this was to view each of us as seeing the world through our own

coloured glasses, these glasses representing our construct system. One implication of

this is that, 'what we observe is not nature itself, but nature exposed to our method of

questioning' (Heisenberg, cited Lincoln & Guba, 1985). In this manner the richness of

individual differences in how people see the world is understandable:

What we think we know is anchored only in our assumptions, not in the bed rock of truth
itself, and the world we seek to understand remains always on the horizons of our thoughts.
To grasp this principle fully is to concede that everything we believe to exist appears to us
the way it does because of our present construction of it. Thus the most obvious things in
the world are wide open to reconstruction in the future. (Kelly, 1977, p. 6).

In his Individual Corollary Kelly states: 'Person's differ from each other in their

construction of events' (p. 4). Comprehending how an individual (e.g. student or

colleague) sees the world involves understanding the nature of that person's construing,

and his/her system of constructs. Kelly (1955b) described personal constructs as

follows:

Each personal construct is based upon the simultaneous perception of likeness and
difference among the objects of its context… Each construct is, therefore dichotomous or
bipolar in nature…when a person finds his personal construction failing him, he suffers
anxiety. When he faces an impending upheaval in his core structure he experiences threat.
(p. 4).
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Many people would be familiar with individuals using a construction of 'good' versus

'bad' on some of life's events. Kelly says of the construct sytem:

A system implies a grouping of elements in which compatibilities and inconsistencies have
been minimized. They do not disappear altogether, of course. The systemization helps the
person to avoid making contradictory predictions…Within a construction system there may
be many levels of ordinal relationships, with some constructs subsuming others and those,
in turn, subsuming still others. When one construct subsumes another its ordinal
relationship may be termed superordinal and the ordinal relationship of the other becomes
subordinal. (Kelly, 1955a, p.40).

When a person anticipates the world, the subsequent experience of the world may cause

constructs to be challenged and affirmed or denied. When the viability of the construct

system is challenged, there may be a variety of emotions leading to a reconstrual of

events. For a therapist, or for that matter a teacher, to work with an individual involves

working with that individual's constructions of the world.

In his two volumes, Kelly differentiates between different types of constructs, attributes

thereof, and ways in which one can work with individual's construals of the world,

particularly in the context of therapy. However, the theory is also applicable in

education, where learning is a primary issue. Much of the teacher-researcher's work in

the implementation phase can be thought of as using the Kelly's (1955b) C-P-C Cycle.

Kelly speaks of the creativity cycle (C-P-C) as 'a sequence of construction which

involves in succession circumspection, preemption  and control' (p. 392) wherein

preemption 'commits one to handling a given situation at a given time in one way and

only one way' (p. 382). The C-P-C cycle involves the initial loosening of constructions

and terminates with tightened or validated constructions. He says that loosening

constructs 'is a necessary phase of creative thinking' (Kelly, 1955b, p. 330). A loose

construct 'is defined as a characteristic of those constructs leading to varying

predictions, while a tight construct holds elements in their place' (p. 329).  Discussing

the creativity cycle, Fawcett (1983) cites Koestler's (1978) description of the process;

'creative originality… always involves unlearning and relearning, undoing and redoing.

It involves the breaking up of petrified mental structures…and reassembling others in a

new synthesis'.
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In speaking of learning, Kelly describes 'learning through doing' as an evolving cyclic

process:

As the learner puts his ideas to work, he is required to formulate them concisely enough to
act upon them. He passes through a series of C-P-C Cycles, each cycle requiring a
multifaceted initial approach to his problem, then a temporary preemption to arrive at the
issue which is relevant at the moment, and, finally, the choice of an alternative and
controlled action. As he repeats each cycle, a whole area of his construction system begins
to take shape, and his constructs begin to fall into a tighter organizational hierarchy. Unless
he meets too much frustration, he begins to develop an approach configuration which is
fairly regular. (Kelly, 1955b, p. 305).

In the teaching phase of this research, the teacher used activities to create conditions

whereby the student would be open to and explore different ideas (or constructions)

before assisting in the tightening of constructions in the review or summary phase of

teaching.

Three strategies for examining constructs will be discussed in Section 2.4. These are

repertory grids used to elicit constructs, laddering techniques used to examine the

structure of those constructs, and the snake used to examine the development of

constructs over time.

2.5.3 Contributions from Cognitive Psychology

Cognitive Psychology is the study of 'coming to know' (West et al., 1991). Various texts

reveal Cognitive Psychology to be an area of study that is concerned with cognition and

the 'internal processes' associated with coming to know. These 'internal processes'

include, for example, learning, perception, comprehension, thinking, memory and

attention (Anderson, 1985; Eysenck & Keane, 1990; West et al., 1991). Through these

processes, we come to this position of knowing. As the early work for this thesis was

revisited and reflected upon, a question arose about these internal processes: 'To what

extent did these aspects of cognition, the starting position for theorising, remain the

focus of the emergent theory of teaching and learning in the statistics classroom?'
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My attention has consistently been drawn to one aspect of cognitive science, namely the

structuring of knowledge. From my earliest work, I have gravitated to exploring theories

which incorporated the idea of structure. Artifacts from my background included a

thesis in psychology (Williams, 1975) based on the work of Gestalt psychologists with

ideas of a 'central organising mechanism (or gestalten)', 'wholes', 'underlying

configurational processes', 'structures' and 'insight'. Much of my teaching in Statistics,

Psychology and other discipline areas has incorporated strategies, developed by

cognitive psychologists, which provide a structural view of knowledge and facilitation

of learning through working on these structures.

In the early days of this thesis, when reading West's (1991) account of the development

of Cognitive Psychology, notes made included discussion of knowledge as composed of

content (state schema) and processes (process schemata). These thoughts were

comfortable, reinforcing recollections from many years ago, made when learning

classes in educational psychology and teacher training about Piaget (1950) and his

notions of schemata.  Eysenck & Keane (1990) say of schema:

The most commonly used construct to account for complex knowledge organisation is the
schema. A schema is a structured cluster of concepts; usually, it involves generic
knowledge and may be used to represent events, sequences of events, precepts, situations,
relations, and even objects. (p. 275).

Schemata that are present during instruction provide the core around which detail, or

further knowledge, will be added. How prior knowledge is organised into these

schemata is important, as schemata exert a strong influence on perception during

instruction. Perception involves the construction of meaning 'massaging the new with

the old within the schemata available and activated' (West et al., 1991, p. 9). Cognitive

theories share with Kelly's PCP an emphasis on the structure, but  in this instance, the

structure as evident in schemata rather than constructs. The image I carried of schemata

was that of 'coathangers in the brain' upon which knowledge was hung and linked.

Ausubel's (1960) theories of learning and of the techniques and approaches to teaching

deserve special mention as they have been extremely influential on the unpacking of
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expertise and my teaching practices. Ausubel states, 'The most important single factor

influencing learning is what the learner already knows. Ascertain this and teach him

accordingly' (Ausubel, 1968, p. vi). Supporting this approach, he recommended the use

of advance organisers (Ausubel, 1960) for connecting new knowledge to old knowledge

by providing 'anchorage in cognitive structure for new knowledge' (Novak & Tyler,

1977, p. 78). Cognitive structure also has a place in Ausubel's theory:

He views the storage of information in the brain as highly organized, with linkages formed
between various older and new elements leading to a conceptual hierarchy in which minor
elements of knowledge are linked with  (subsumed under) larger, more general, more
inclusive concepts. Thus cognitive structure represents a framework of hierarchically
organized concepts, which are the individual's representations of sensory experience.
(Novak & Tyler, 1977, p. 25).

Accompanying this theoretical perspective, Ausubel's approach to teaching and learning

is one which is considered to be a 'top-down' or 'general-to-advanced' approach to

learning (Van Pattern, Chao, & Reigeluth, 1986). Visual/spatial strategies such as

Gowin's Vee heuristic and concept mapping (Novak & Gowin, 1984) are used to

support the development of meaningful learning which, in Ausubel's theory, occurs

'when new information is linked with existing concepts' (Novak & Tyler, 1977, p. 25).

These will be exemplified in section 2.7.

Another theory of learning was espoused by Gagne (1977). Much of Gagne's learning

theory, signal learning, stimulus-response learning, verbal association and

discrimination learning is based on stimulus-response (S-R) theory (Novak & Tyler,

1977). His theorizing on rule-based learning and problem solving is similar to Ausubel

in that it has a focus on the hierarchical sequencing of concepts. However, the

implications drawn for the later sequencing of instruction contrasts with that of

Ausubel. Gagne's theory of instruction:

…postulates that learning is best when we move from mastery of the smallest conceptual
units to the more general and more inclusive. (Novak & Tyler, 1977, p. 125).

The 'bottom-up' or 'parts-to-whole' (Van Pattern et al., 1986) approach to teaching

reflects how much of Mathematics and Statistics is taught. This may be because
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mathematics and statistical knowledge is perceived to be built sequentially, starting with

basic skills and developing into more elaborate mathematics. This approach is

diagramatically contrasted with that of Ausubel in Figure 2.2.

Figure 2.2 Comparison of Gagne's and Ausubel's models of progressive concept
development. (Adapted from Novak & Tyler, 1977, p. 126).

Most general, most inclusive concepts

Intermediary concepts

Most specific,
least inclusive concepts

Gagne's model Ausubel's model

However, reference to Gagne's theory is included as it represents the antithesis of my

approach to teaching. Whenever I have a holistic grasp (bigger pictures can vary) of a

topic and can find ways to implement an appropriate teaching strategy, then my

teaching reflects a 'top-down' approach. From this perspective one may start with a

problem and then proceed to develop the theory and skills needed to solve that problem

as they are encountered.

There is a connection between learning theory and the structuring of knowledge, but as

the top-down, bottom-up approaches of Ausubel and Gagne reveals, the one knowledge

representation may be used in quite a different ways.

2.5.4 Reconciliation of theories

In the first year, writing was not to resolve the issues which arose in comparing

educational theories, nor even to determine precisely what was meant, rather it was to

provide a positioning statement. The aim was simply to identify personally held

learning theories in relation to knowledge. In hindsight, the influential theories
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examined are not exhaustive. For example, through the implementation phase, it became

evident that concept of developmental stages was also an influence. However, prior to

the unpacking of expertise, it did not surface as a concern.

Prior to examining the strategies for representing knowledge (Section 2.7), the term

knowledge will itself be explored. Just as recognition of different strategies of

representing knowledge facilitates their usage, so the recognition of different types of

knowledge may facilitate the choice of representational or learning strategies to work

with that knowledge.

2.6 Types of Knowledge: definitions

The construct knowledge, has been increasingly differentiated (Alexander, Schallert, &

Hare, 1991). Those different categorisations of knowledge that have bearing on this

study are reviewed in this section.

Alexander et al (1991) contrasted the epistemological use of the word referring 'to

justified true beliefs and ... for universal, or absolute, truths'  (p. 317) with how

researchers of cognition viewed knowledge:

For researchers in the field of cognition and literacy… knowledge refers to an individual's
personal stock of information, skills, experiences, beliefs, and memories. This knowledge is
always idiosyncratic, reflecting the vagaries of a person's own history…here, knowledge
encompasses all that a person knows, or believes to be true, whether or not it is verified as
true in some sort of objective or external way. (p. 317).

As has been alluded to, I set out to 'verify the truth', find the facts, the concepts, to

identify an expert's structure of knowledge and I found instead, not a truth, but a

construction of knowledge and in so doing identified with a constructivist view of

knowledge:

For the constructivist or naturalist, knowledge is composed of those constructions about
which there is some consensus (or at least movement toward consensus) among those
competent to deal with the substance of the construction. It is the most sophisticated and
informed construction available but it is a construction subject to reconstruction with the
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addition of new data inputs, new claims, new concerns, new issues, or new circumstances.
(Lincoln ,1992, p. 381).

It was dealing with these concepts of consensus and construction that proved most

problematic. Clearly, practitioners of statistics operate from a position of absolute truth

in many matters. Yet it was evident throughout the study that there are many

constructions of statistical knowledge.

Implicit and Explicit Knowledge

The guiding directive for this thesis was for the teacher to translate implicit knowledge

(not readily verbalised knowledge which may also be referred to as tacit knowledge)

into explicit knowledge, so that the teacher could understand her own as well as her

student's conceptions and skills. Alexander et al (1991) comment upon the fluidity of

knowledge, whereby it is possible for tacit knowledge to 'resurface' from the

subconscious and for explicit knowledge that has 'been the object of thought to

disappear into the subconscious.' (p. 325). Bain draws on the research that examines

how it is that knowledge becomes implicit:

Extended practice in the application of knowledge appears to change the solution from one
in which there is a slow deliberation about which concepts and principles may be relevant
and how to use them, to fast, intuitive recognition of the relevant  categories and methods
(Anderson & Loynes, 1987). This not just a quantitative shift in speed of processing; it is a
change in the underlying cognitive structure. A consequence of this restructuring is that
some of the resulting knowledge may not be expressible - it becomes implicit. (Bain, 1990,
p. 121).

Anderson (1987; cited Bain, 1990) described 'the processes by which conceptual

knowledge ('what' and 'why') is gradually converted into a procedural form ('how').

Evidence also suggests that 'advanced learners acquire complex knowledge without

being able to describe the principles upon which it is based' (Bain, p. 121). This

conception of knowledge, with a focus on 'how, what and why' has been central in the

explanation of why the learning of Statistics has been so problematic.  In the next

section, the conceptual/theoretical and methodological components of knowledge will

be examined using the Gowin's Vee heuristic.
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Declarative, Procedural and Conditional Knowledge

The literature provides similar but different sub-classifications of knowledge.

Declarative knowledge, actual information, is often described as knowing 'what'.

Procedural knowledge, knowing about processes or routines, including what order to

perform subtasks, is described as knowing 'how'.  Conditional knowledge is knowing

when and where to use declarative and procedural knowledge (Alexander et al., 1991).

Well or ill-structured knowledge

Knowledge has also been classified according to whether it has a well- or ill- defined

structure:

Well-structured knowledge may be characterized in several ways: it has considerable
logical order; it may have the kind of theory which allows powerful predictions, not just the
kind of theory which as a label for a perspective or point of view; and it may contain
families or theories or other general principles which allow inference about facts, and
which allow general principles to be developed from facts or observations - which
ultimately allow predictions. Structure appears to accrue either through being rule
governed, as in mathematics, or some combination of being very empirical and rule
governed, as in physical sciences.(West et al., 1991, p. 17).

Ill-defined structure may, in one sense, be conceived of as lacking the properties of

well-defined structure. It may, but need not, also refer to knowledge that is replete with

complexity, a labyrinth of connections between ideas. West et al (1991) suggests that

well-defined knowledge is usually knowledge in reference to the physical world,

whereas ill-defined knowledge recognizes that knowledge is a construction of the mind.

Metacognitive Knowledge

In the implementation phase, the focus of the thesis shifted to examine metacognition or

metacognitive knowledge, 'knowledge about knowledge' or 'knowledge about one's

cognition and the regulation of that cognition'  (Alexander et al., 1991; Flavell, 1987;

Garner & Alexander, 1989). Flavell (1987) introduced different subcategories of

metacognition, which have been formally defined by Alexander et al (1991) as follows:
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•  self knowledge. 'This entails individual's perceptions or understandings of
themselves as learners or thinkers' (p. 328);

•  task knowledge, is knowledge such that the learner understands that 'different types
of tasks place different demands on learning or thinking' (p. 329); and,

•  strategic knowledge 'is a knowledge of processes that are effortful, planful, and
consciously evoked to facilitate the  acquisition and utilization of knowledge.'  (p.
333).

Although there are other distinctions made in relation to knowledge, it is this set which

are used in this thesis.

2.7 Spatial strategies for representing knowledge

A variety of visual or spatial displays has long been used for presentation of technical

and academic information (Bean, Sorter, Singer, & Frazee, 1986; Davidson, 1982;

Diekhoff, 1982; Gold, 1984). In this work, the emphasis has been placed upon the use

of visual/spatial strategies, rather than text-based strategies. These strategies are

particularly effective for presentation of the 'big picture', displaying and organizing

large amounts of information, revealing hierarchical, sequential and spatial

relationships, including many aspects of knowledge such as names, procedures and

constraints. McFarland and Parker (1990) described the value and need for spatial

strategies to represent knowledge.

Text is a useful vehicle for presenting information, but often pictures can perform the same
task more succinctly.  Moreover, pictures may correspond more closely to how we actually
think (Buzan, 1989). Where we are dealing with complex and voluminous data, diagrams
can help us to disentangle the threads of our analysis and present results in a coherent and
intelligible form...By trying to construct diagrams, we can force ourselves to clarify the
main points in our analysis and how these interrelate...overburdened with detail they can
become cluttered.  Overburdened with complexity, they can become innaccessible. (p. 201).

From McFarland and Parker's perspective the visual and spatial strategies are useful not

just for representing knowledge, but for unpacking expertise. Experts' writing, lectures

and discussions provide a source of expertise. The structure in the written documents

can be determined by examining content listings, transition statements, introductions,

summaries, indexes and highlights of main ideas. Using spatial strategies to represent



37

the experts' written texts required that the material be reworked in a different manner,

rather than simply reproducing text. When this work was undertaken with the expert, it

provided a cue for further discussion, elaboration or reconstruction of ideas; thus they

became useful strategic aids in the unpacking of statistical knowledge. Statistics

increasingly uses graphical tools to display statistical data. As such, there is an inherent

aesthetic appeal in describing statistical expertise with graphical tools.

Three tools drawn from cognitive science dominated the representation of statistical

knowledge. These were:

•  frames , Type 1 (Turban, 1990; West et al., 1991).

•  frames, Type 2 (Turban, 1990; West et al., 1991).

•  concept maps (Novak & Gowin, 1984; West et al., 1991). There are several
variations of mapping procedures. More recently they have been referred to as node-
link displays (Chnielewski, Dansereau, & Moreland, 1998). These include:
knowledge maps (Hall, Dansereau, & Skaggs, 1992); semantic mapping (Turban,
1990); graphic organizers, networks, (Van Pattern et al., 1986); and spider maps.

Other cognitive tools influenced the process of unpacking and representing expertise.

Each of these techniques generally involves asking questions about knowledge. It is this

process of questioning that provides insight into material portrayed even though the

associated visual technique might not be used to represent knowledge. The tools

include:

•  Gowin's Vee (Novak & Gowin, 1984);

•  decision trees or direct representation, production rules such as 'if-then' formats
(Karake, 1990; Layne & Wells, 1990); and,

•  tools drawn from use in Personal Contruct Psychology such as repertory grids
(Fransella & Banister, 1977; Pope, Denicolo, & de Bardi, 1990), laddering
(Fransella & Banister, 1977) and snakes (Pope et al., 1990).

The techniques that have been of major influence are discussed in more detail.
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Frames Type 1

Frames use grids, arrays, matrices as a framework for representing knowledge.

McFarland and Parker (1990) described frames or templates, 'these are essentially data

structures which contain pointers to other frames, sets of rules, graphics, sets of

procedures or questions to ask.  They are generally hierarchical and may contain

subframes.'  Frames are useful in that they provide a coherent structure within which the

detail may be organised.

Seigel and Castellan's (1988) framing of Non Parametric Statistics (refer Table 2.1)

exemplifies the use of a frame in statistics. Their frame incorporates the use of three

fundamental questions which direct the choice of test statistics; 'How many groups are

involved?'… 'Are the groups related? and, 'What is the level of measurement involved

in measuring the response variable?'. These ideas are communicated by labelling the

rows and columns. A comparable frame could be developed to include parametric tests.

An additional column, not presented in Table 2.1, extends the analysis to that of

relationships as well as to tests for differences.

Table 2.1: Seigel and Castellan's Framing of Nonparametric Statistics

Measure- One sample Two samples Two samples k samples k samples

level Related Independent Related Independent

Nominal Binomial

chi square

one sample

McNemar Fishers exact

chi square

two sample

Cochran Q Chi square

k- samples

Ordinal Kolmogorov-
Smirnov

One sample
runs test

Sign test

Wilcoxon
matched pairs

signed rank

Median test

Mann-WhitneyU

Kolmogorov-
Smirnov

Wald-Wolfowitz
runs test

Moses test

Freidman
two-way
ANOVA

Extension of
median test

Kruskal Wallis
oneway ANOVA

Interval
Walsh test

Randomisation
test (related)

Randomisation
independent 2

samples test

An adaption from Seigel & Castellan (1988, p. inside back cover ).
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Whilst this is a use of framing in statistics, the professor-expert views statistics as

having moved away from the dichotomy of parametric versus non-parametric statistics.

However until statistics can be re-visualised, the historical structuring of statistics into

parametric and non parametric statistics will remain a powerful force shaping its

teaching.

Other partial frameworks within which the teaching of statistics is structured include:

descriptive versus inferential statistics; and, univariate versus multivariate statistics.

Textbooks (Hindle, 1993; Howell, 1995) and reference manuals for statistics software

(see for example SAS1, 1989 and JMP2), particularly those written for social or health

scientists often provide partial frameworks to aid practitioners in their choice of

statistical technique.

Frames Type 2

Frames type 2 are distinguished from Frames type 1 in that the slots for type 2 are

completed through some law-like principle.  Table 2.2 provides an example of a Type 2

frame constructed from an analysis of an expert's text and curriculum. The rows

represent features of data which are of interest for virtually all distributions. These

features include the probability function (which determines the shape of the

distribution), the centre (mean), spread (variance) of the random variable and samples

drawn from the population. The column 'general form' provides 'law-like principles' for

determining the contents of the cells for the specific random variables, in this instance

the binomial and poisson random variables.

When using this representation with introductory statistics students, the aim is to

combat students' sense of 'yet another formula'. This frame was is with the intent of

revealing the similarity and difference in approaches for calculating features such as the

                                                  

1 Registered trademark, Product of the SAS institute.

2 Registered trademark, product of the SAS institute
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mean or variance for each distribution. The formula used for the general form may be

used for used by both the binomial and exponential distributions (refer Table 2.2).

However algebraically equivalent but simpler formulae are also provided in the last two

columns.

Table 2.2: Frames type 2 - Discrete probability distributions

General form Binomial ( , )k π Poisson( λt )

Defining
characteristics,

assumptions,

context

• k is the number of
independent trials

• 2 possible outcomes for
each trial

• π is the probability of a
successful event

• π is a constant unknown
parameter

• λ  is the rate of
occurrence

• in some
dimensional unit
such as time (t)

• λ  is a constant
unknown
parameter

Probability function

P(X=x) or px

Distribution of px

over the values of x

k

x
x k x





− −π π( )1

for x=0,1,...k

e t t x

x

− ( )λ λ
!

Sample Mean  x x
n

x
allx

= ∑
1 x  is used as an estimate

for E(X)
x  is used as an

estimate for E(X)

Population Mean

E X x( ) = µ

µ = ∑ xpx
allx

kπ λt

Variance

Var x( ) = σ2
= −∑ ( )x px

all x
µ 2

 

= E[X2]-[E(X)]
2

kπ π( )1 − λt

Assessment

of fit

• visual (eg. barchart)

• χ
GOF
2

Same as for general case Same as for
general case

Concept maps

Concept maps are 'visual representations of meaningful relationships or linkages,

termed propositions, and two or more concepts' (Novak & Gowin, 1984). These
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techniques have been used by various researchers to gain insight into the composition,

structure and usage of experts' expertise (Novak & Gowin, 1984) and, more recently,

student understanding of statistics (Roberts, 1996).

The steps involved in the process of drawing concept maps in the Novak studies

included:

•  identifying the concepts that are embodied in the discourse or text;

•  describing the links (propositions) between concepts; and where possible,

•  ordering the concepts from the most general at the top of the map to the most
specific at the bottom.

What was sought in the mapping undertaken in this work were maps that were

hierarchical, or alternatively, maps that retained a sense of the most important or central

concept.  However, when working with students, the concept maps took on a variety of

forms. An example of a concept map drawn by a student in an introductory statistics

course is presented in Figure 2.3. Although the student has not indicated the nature of

the links between concepts this student has provided a reasonable identification of

concepts and hierarchical structure. Presented in this manner it can be readily seen that

the student has confused the concepts of mutually exclusive events (illustrated by the

non-overlap of the two events in the Venn diagram) and independence. These ideas

would need to be clarified before a more appropriate map could replace it. Just as this

student did not supply a label for the link, the researcher often found it difficult, when

undertaking analysis of statistical experts' texts, to determine what the nature of the link

is between concepts.

Students produce various forms of maps. Different versions may or may not include a

hierarchical ordering and may or may not name the links. These maps may take on a

different structure to the traditional concept map. The maps may represent: a chain of

concepts or network of events; or an hierarchical ordering of events. The mapping may

be as the mind so conceives.
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Figure 2.3 Student concept map of Probability concepts

Probability

Independent Non Independent

Venn Diagrams

Sample Space P(S)=1

Event

0<=P(E)<=1
Event

Event

Tree Diagrams

Tabular

X        X1       ...       Xn       Total
P(X)  P(X1)   ...    P(Xn)      1

Venn Diagrams

Sample Space P(S)=1

Event

0<=P(E)<=1

Event

Event

Markov chains

Starting state:
Transition matrix:

Note: (Student STAT131, 1998)

Semantic networking

When the nature of the linkage is mapped, the term semantic networking rather than

concept mapping is used. Semantic networks may be produced through replacing the

linkages or propositions between the concepts with terms to express the nature of the

relationships. There is an extensive repertoire of ways in which links can be classified

(see for example Diekhoff, 1982; Fisher, 1990). In studying student comprehension and

recall, Dansereau (1978)  identified different types of links between concepts. A link

may reveal a hierarchical structure with type or part relationships (eg. a daisy is a type

of flower, while a petal is part of a flower). Links may reveal a chain structure with

procedural or causal relationships expressed (eg. a lack of water causes the daisy to
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wilt) or a link may be descriptive (eg. the daisy is yellow). In this work, one of the

dominant organising strategies involved identifying similarities and differences,

temporal steps, and similarity of function. These were often used to describe the links

between experts' concepts.

Decision trees

These are trees searched in an orderly manner on simple problems. At each node or

branch in the tree there is a question, the answer to which determines the next branch to

be taken. A decision tree provided to graduate health students (Hindle, 1993) is

presented in Figure 2.4.

Figure 2.4 A decision tree for selecting tests of significance.

Testing for statistical significance of difference

Nominal data Ordinal data Continuous data

Small
Unmatched

Fisher's 
exact test

Two
groups

More than
two groups

Two
groups

More than
two groups

Small
Matched

Sign
test

Unmatched

Mann-
Whitney

Unmatched

Kruskal-
Wallis

Unmatched

t-test

Unmatched

F test
for ANOVA

Large
Unmatched

Chi square

Matched

Wilcoxon
signed-
ranks

Matched

Friedman

Matched

Paired
t-test

Matched

F test
for ANOVA
with 
blocking

Large
Matched

McNemar

 Note: Adapted from Hindle (1993, p. 11).
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The decision tree in Figure 2.4 directs students to decide whether the data are nominal,

ordinal or continuous (ignoring discrete data); whether one, two or more groups are

involved; and, whether the groups are matched or unmatched. By taking the appropriate

path, students are provided with a statistical test to conduct on the data. There are, of

course, difficulties with this approach, as it oversimplifies the statistical analysis.

Students still need to determine whether the various analyses suggested at each branch

are appropriate. That is, they still need to confirm, although it is often unstated, that the

various underlying assumptions are justified.

Gowin's Vee

Gowin's Vee (Novak & Gowin, 1984) distinguishes between thinking (conceptual) and

doing (methodological). Knowledge is seen to begin with the observation of regularities

in events surrounding some focal question. These events are placed at the bottom of the

Gowin's Vee. One arm of Gowin's Vee represents 'the doing'. That is, it involves the

selection of events; the recording of observations about events; and, the transformation

or organisation of these records so that answers to the focal question may be generated.

The final component of doing is making knowledge claims, that is, selecting the likely

answer to the question. The thinking component arm of Gowin's Vee required experts or

students to elucidate:

•  what they were observing (the concepts for which they are to form linkages and
which they are to record);

•  the nature of the conceptual systems (or principles) which indicate how events
appear to behave;

•  how these conceptual systems and principles fit within appropriate theories which
delineate why events occur as they do; and,

•  the philosophical perspectives underpinning the theories and principles.

The Gowin's vee heuristic was invented to illustrate the conceptual and methodological

elements that interact in the process of knowledge construction or in this case in the

analysis of lectures or documents presenting knowledge, illustrated in Figure 2.4.
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Figure 2.5  Gowin's Vee heuristic (Novak & Gowin, 1984, p.3).

FOCUS QUESTION

THEORETICAL/
CONCEPTUAL

METHODOLOGICAL

Philosophy

Theories

Principles/
Conceptual Systems

Concepts:
Perceived regularities in 
events or objects

Claims: Value 
Knowledge

Transformations

Records

Events/Objects

Answers require an
active interplay

between the
right side

and
left side

Gowin's method involves the asking of five questions in order 'to unpack the knowledge

in any particular field.' These five are: 'What is the telling question?', 'What are the key

concepts?', 'What methods of enquiry (procedural commitments) are used?', 'What are

the major knowledge claims?' and, 'What are the value claims?' (Novak & Gowin, 1984,

p. 54).

These questions were used at times to guide the discussion with experts (and their

texts); to clarify relationships between concepts; and as a template through which to

interpret how knowledge was being structured into the conceptual and procedural.

Figure 2.5 is a representation of basic statistical concepts based upon, but not strictly

adhering to the questioning associated with Gowin's Vee technique. That some events

are reported in the literature to occur under certain conditions may lead to the posing of

a statistical question (the focal question). The focal question corresponds to the types of

questions researchers ask, such as, for example, whether or not there are differences

between groups, or relationships between variables or simply an attempt to describe

what is happening. The how, the methodology or doing of statistics, may be considered

to be the completing of each step in the research process.
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Figure 2.6 Representing conceptual and methodological components of statistics

FOCUS QUESTION

THEORETICAL/
CONCEPTUAL

METHODOLOGICAL

Events/Objects

Design

Sampling

Measurement

Description and Analysis

Decision making

The process of" doing" 
the research study

Is there a relationship?
Is there a difference?

Describe the data.

Principle: Each step of the
process is understood in 
terms of  variability.

Concepts:
• Design:  to control
unwanted sources of 
variation; to manipulate
variables to see changes in 
variability ( centre, spread 
or shape).
• Sampling: source of error 
(variation)
• Measurement is a source
of error (variation)
• Data is displayed and analysed in 
order to investigate the nature of 
variability in reponses. 
• Decisions are made in the context 
that there is inherent variability in 
the reponse of interest.

Understanding "why"

Observations in nature or 
the academic literature or…

Repertory Grid Technique

The repertory grid technique is a technique used to elicit constructs about some aspect

of our world and the relationships between those contructs. Unlike the other techniques

it is not applied to the text, but requires the involvement of the person construing the

world. The repertory grid constructed (for a seminar several years prior to the

commencement of this study) by the researcher to illustrate the uses of the repertory

grid technique is shown in Table 2.3. The focus for completing the grid was her variable

performance in different academic subjects. There was no preference for any of the

disciplines examined but there was a perceived discrepancy in the grades obtained and

the perception that what was learned did not correspond to the grade. Some subjects

therefore were proving to be sources of frustration.
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There are various procedures for eliciting the grids see for example (Fransella &

Banister, 1977; Pope, 1993). The procedure for eliciting the grid as represented in Table

2.3 involved selecting a set of subjects (the elements of the grid) undertaken by the

researcher as a student. The subjects were selected from those that were frustrating

through to those which evoked a positive feeling. They were chosen from a first year

level through to the fourth year level of university study in the disciplines of

Psychology, Computing Science, Mathematics and Statistics. These elements are

assumed to be representative of the domain of discourse 'the learning'.

The technique for eliciting the constructs involved the continuing self questioning:

'Bearing in mind that I want to understand how it is that I best learn, how are these two

subjects alike but in someway, different to this third subject?' This process of triadic

comparison is repeated using randomly selected triads, until several different constructs

have been elicited, and perhaps until the new constructs are exhausted. In this grid the

first two bi-polar constructs are: whether or not the student had an appropriate

background preparation for the subject, a 'good background' versus whether it was a

'new topic'; and, whether there was student control over the pace, of the subject,

'controlled pace' versus uncontrolled pace, 'helter-skelter'. Once all the constructs were

elicited, as a way of ordering the poles, the positive poles were listed on the left and the

negative poles on the right. (Other representations use the first elicited pole on the left

and the second pole on the right). Each subject (the elements) was then rated according

to whether it was high (5) or low (1) in terms of the positive construct.
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Table 2.3 Repertory Grid of contructs about learning

Elements: Subjects *

Positive Construct Pole 1
C

2
C

3
C

4
C

5
C

1
S

1
P

1
M

2
M

3
M

4
M

Negative Construct
Pole

Good background 3 1 4 2 2 4 1 4 2 2 3 New topic

Controlled pace 1 1 4 1 1 5 5 5 3 2 4 Helter-skelter

Employment based 2 1 1 1 3 2 4 1 2 3 2 Study oriented

Relaxed 3 3 3 1 1 5 5 3 5 2 5 Ground/driven

Human relationship 2 1 3 5 1 5 5 5 3 4 4 Student

Appropriate structure 5 4 3 4 2 5 3 4 4 3 5 Inappropriate structure

Free to learn 3 2 3 1 1 5 5 5 2 3 5 Assessment constraints

Not time pressured 2 2 4 1 2 5 2 1 5 3 3 Time pressured

Application 3 1 3 4 4 5 3 1 2 4 4 Theoretical

Interactive 3 1 4 2 1 5 5 5 2 3 5 Non interactive

Assignment based 2 1 4 2 2 5 5 5 3 3 5 Exams

Grade High 2 1 4 1 1 4 3 4 4 3 4 Grade Low

Amount learned high 5 3 3 4 1 5 4 3 3 4 5 Amount learned low

* The elements were different subjects in the disciplines; computing (C), mathematics

(M), psychology (P) and statistics (S).

This process of questioning "how are elements similar but different to others?" has

become a characteristic mode of questioning for the participant-researcher, even though

the results are not formally represented in a grid.

There are several ways to analyse repertory grids. (see for example, Bell, 1983). These

techniques range from simple visual analysis of constructs and elements ordered on the

mean ratings to factor analysis or cluster analytic techniques.  An example of a tree

diagram representing a cluster analytic solution is in Figure 2.7.
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Figure 2.7 Construct Clustering

-
-----
-    -------------------
-----                   ----  
-------------------
----------         -----
----------------
---             ---
---------------- 
----------
--------------------------
----                      --
--------------------------

Interactive/Noninteractive
Assignment based/exams

Free to learn/constrained
Relaxed/Driven

Good Background/New topic
Not time pressured/pressure

Appropriate structure/not
Amount learned high/low

Human relationship/student
Application/Theoretical

Control Pace/helter-skelter
Grade high/low

Employment based/study

Cluster analysis groups the constructs which in terms of the patterns of ratings are most

similar, although it is quite possible to produce different clusterings depending on the

algorithm used and, in particular, on how the distance between clusters is measured. In

this example the constructs 'interactive', 'assessment-based', 'free-to-learn' have the most

similar patterns over the subjects rated. Those clusters which are linked last are least

alike. In this grid the 'amount learned' clusters most closely with 'an appropriate course

structure'. Interestingly, developing an appropriate structure for material is high on the

teacher's agenda in this research, just as it was when she examined the courses she

completed as a student, some years prior to commencing this study. The high grade

construct clusters closest with courses in which the pace is under the control of the

student. Unfortunately, neither the cluster analysis nor the factor analysis reveals the

organisation of constructs.

Laddering

Techniques such as laddering (Fawcett, 1983; Fransella & Banister, 1977) may be used

to reveal the superordinate constructs. Once a construct emerges, the opposite of that

construct is elicited. The subject is then asked which is the preferred pole, and why that

is so. This elicits a further construct, the opposite of which is again elicited and the

subject again asked why this is the preferred concept. The procedure continues until no

further construct can be elicited from asking the question 'Why?' Laddering from

different initial constructs will often lead to the same few superordinate constructs.
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The snake

Another constructivist tool which allows an exploration of constructs as they develop

over time is the snake (Pope, 1993; Pope et al., 1990). In general, participants are asked

to visualise their lives as a winding snake or river. Each turn in the river is recorded as a

personal experience or incident that influenced the direction of their life. Their life, as in

this study, may be more focussed upon their educational life, or other aspect that is of

interest. To illustrate this technique, the researcher applied it to her own statistical life,

weaving between experiences as a student and those as a teacher of statistics. This

journey represented in Figure 2.7 reveals the importance to the researcher of identifying

structure in statistical knowledge along with a need to understand, not just what test to

choose when, but to understand 'Why would one develop this sort of test in the first

instance? and 'Why is the test a source of revelation about the data?'

Figure 2.8 Snake segment: turning points in the researcher's statistical journey.

1970s As a pyschology student I hated statistics,
dull, irrelevant

Honours thesis: A question intrigues me "what
do these significant interactions mean?"

Tutoring in Psychology: I had to teach

statistics

I developed remedial statistics program. There
was control over material; the bits I knew. Focus
was on the context and choice of statistics, clear
procedural steps, mathematics and interpretation.

Staff and postgraduates seek help. Doing more
complicated statistics. Understand the structure
in problems as demanded by SPSS

Take clients to Statistical consultants.
Apprenticeship begins. What does it mean?
Interpretation, more complex design is linked to
method of analysis.

I enrolled in a Statistics Diploma. Found it
mathematical, theoretical, with  some
application. I was ready to quit.

Thesis. Begin to see structure in data. See the
need for techniques to handle different levels of
information. Why answered. A way to go on.

I developed more mathematical skills. Wisdom
in inches only.

Statistics Masters. I was technically more
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proficient. I could match context to problem. My
apprenticeship continued. I knew how different
consultants approached problems, and how they

        would explain.

Slowly aware: statistics is a study of variation. I
understand: the criteria to judge and develop
statistics; the how and why of the mathematics. I
accept uncertainty in solutions. I begin to take
ownership of statistical knowledge and choice in
procedures, dictated by knowledge I own and
understand, not what I know is done by others.

1990s. The journey continued as techniques were
re-examined in the context of making a statement
about variation and a search for further
principles.

In later phases of the thesis, this technique was applied primarily to understand the

students' journeys through statistics. As it was not always possible to interpret whether a

turn in statistics had a positive or negative influence or emotion attached to it, the

metaphor was modified. The instructions were for the students to draw a landscape with

the inclines and peaks of the hills to represent the high points, the positive aspects of

their learning and the downward slopes and valleys to indicate the low points.

2.8 The use of spatial strategies in teaching and learning

These spatial strategies are not simply mechanisms to represent knowledge. The

production and use of them may be used in the teaching and learning process. Teachers

can effectively use frames at the beginning of lessons to provide a structure or at the end

to review work. From a teaching and learning perspective, students can be asked to

develop the frame or map, thus studying the material in the process. Through the

construction of spatial representations, students can examine a topic to discover the

major ideas, concepts and principles. From a cognitive theorist's perspective, the

learning of the ability to develop visual representations would be important as this is

part of learning how to learn. For example, the mere construction of a frame can

instigate the search for additional information as parts of the matrix are identified as

incomplete. In particular instances these statements may all be 'truths', but the issues in

using frameworks are more complicated.
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The issues in using various spatial representations focus on questions such as, 'Should

students be required to develop their own frames and maps?', 'Should they be assisted in

the construction of the representation?' and 'Should teachers provide frameworks for

students?' One potential danger of framing could be to lock students into a framework

for the discipline that is non-optimal. It may be that the frame provided by the expert

will yield a better representation of the knowledge, but is this more important than the

student constructing their own representation? Perhaps the process of coming to realise

that one's own framework is non-optimal is an important part of learning and creating

ownership of learning.

If teachers are to provide a framework, when should it be provided? Knowing how and

when to use a frame is not a simple task nor does it always aid in the manner we, as

teachers, anticipate. One of the teacher-researcher's experiences in an introductory

statistics program involved the use of a Type 2 frame similar to that provided in Table

2.2.  The first time that the teacher-researcher used this framework in the introductory

phases of teaching discrete random variables, the students quite obviously 'lost the plot'.

Faces revealed sheer panic when introduced to the partially completed framework, even

though it was used to say, 'We will examine the same features for the general case of

discrete distributions and two specific examples'. The panic was such that in the next

lecture an alternative approach to the topic was utilised. However, the same framework

provided as a summary was relished by students suggesting that in this instance it was

more appropriate as a review strategy than in the role of an advance organizer.

Further questioning may take place as to the nature and efficacy of any learning that

results from using frameworks. Whilst spatial representations have been found to

enhance knowledge aquisition (Rewey, Dansereau, Skaggs, Hall, & Pitre, 1989), these

findings are not always replicated (Hall et al., 1992). When discussing the reasons why

their findings were not replicated in a second study, Hall et al posed two possible

sources of difference; the nature of the map's structural design, and the nature of the

subject matter.  Possible differences in the structure of the map which needed to be

considered included whether or not the map was hierarchical, simple or detailed, and

whether it had a main idea that was easily recognisable. The nature of the material
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included was different in its level of abstraction, complexity and familiarity and being

part of the 'students' experiential repertoire'.

These issues relating to the use of spatial representations are addressed again during

discussion of the implementation of the statistical curriculum, when more experience

guided the commentary. Meanwhile the nature of knowledge as ill- or well-constructed

and the implications for visual representations of expertise is examined.

2.9 Representing ill-defined knowledge

There is some contention as to whether or not it is possible to structure complex

knowledge in the simple strategies inherent to the cognitive approach or as illustrated by

the spatial strategies. Mathematics is often seen as a well-defined discipline, with a

logical structure, often rule-based and procedural, closely reflecting the structure of the

physical world in contrast to disciplines such as psychology which are ill-defined.

Mathematics is based in 'verifiable fact' (or at least has an axiomatic basis) but

psychology in 'movement toward consensus'. Theoretical statistics, like mathematics, is

axiomatic and as such is also well-defined. However, the application of statistics often

takes place where there is no theory to direct it, for example, when assumptions are

violated and no statistical tool is strictly appropriate. Hence, applied statistics could be

classified as ill-defined, although it may reveal more consensus than psychology. If one

adopts the constructivist description of knowledge provided by Lincoln (1992, refer

section 2.6) and applies it to all knowledge, then the well-fined versus ill-defined

definition of knowledge loses some of its potency, as all knowledge may be seen as a

construction of mind.

One approach to structuring the learning of complex material is illustrated by the

Theseus research project (Stringer, 1993). This project used hypermedia to bring about

learning. Emphasis was placed on the structuring of learning rather than

instructional/teaching technique. Theseus allowed various kinds of processes to be

explored by the student from different perspectives. Whilst the student embarked on a

linear journey in terms of the knowledge to be attained, deviations in the journey were
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permitted to allow full exploration of the concepts from other vantage points (as

illustrated in Figure 2.9).

Figure 2.9 Students journey through the labyrinth

Stringer (1993) demonstrated materials developed for the training of laboratory

technicians. The approach relied heavily on student's seeing visual images of a large

number of normal and abnormal human cells, and the subsequent exploration of them.

Students through the medium had access to abnormal cells rarely seen under the

microscope, in addition to those seen frequently. Students saw what the teacher saw as

they engaged in the process preparing slides for examination, focussing the microscope,

rotating the cells in space. All aspects were all readily presented in this medium. This

and other processes could be explored in seconds rather than remain inaccessible or be

attained only with protracted time and/or difficulty. Students were required to be active,

stopping, retracing material and examining material presented in various perspectives.

That is, they retained responsibility for focus of their learning. Stringer characterised the

course of study as a linear path, which had various offshoots of relevant study.

Cognitive flexibility theory is appropriate theory for subject matter that is ill-defined or

complex, as illustrated by the Theseus project. In Cognition, Education, Multimedia:

Exploring ideas in High Technology, Spiro and Jehng (1990) discuss Cognitive
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Flexibility Theory and the application of what is termed hypertexts. Hypertext can be

readily produced with current technology and may be any material (text, video, auditory

material etc.) which is presented in a way that allows non sequential access for

exploration of concepts from multiple perspectives. Thus the learner is assisted in

restructuring knowledge in many different ways and hypertext facilitates the aquisition

and transfer of knowledge. Spiro and Jehng refer to the structure as nonlinear and

multidimensional.

Spiro and Jehng (1990) described the advantages of what they call Cognitive Flexibility

theory as follows:

...by crisscrossing a conceptual landscape in many directions, knowledge that will have to
be used in many ways is taught in many ways. (p. 171)

In computer-based learning packages or multimedia, non sequential access (often

termed random access, although not random in a statistical sense) to material is seen to

allow for the rearrangement of instructional sequences from various conceptual

perspectives. Materials which are grouped to reveal similarity, may also be viewed to

show dissimilarity. Material initially presented to show diversity can be viewed from

the point of view of overlap. One of the difficulties in traditional teaching is that

complexity is approached with incremental additions whereas hypermedium is viewed

as a mechanism for viewing complexity from multiple perspectives.

Spiro and Jehng (1990) suggest that a common failing of advanced learners is that they

try very hard to put knowledge into 'a plaster-cast knowledge structure.'  They contend

that much of the work comparing novices and experts is based on knowledge that is

simple in structure or well-defined. They distinguish between the learning of simple or

well-defined knowledge and the learning material which is complex.  Early versions of

schema/ frame/ script theories are considered to be antithetical to that which is

necessary for complex learning. Early in the unpacking phase of this study, the cartoon

Figure 2.10 was drawn to depict this sentiment. The expert, essentially drew a complex

figure as shown to illustrate the structure of his knowledge, and shrugged 'who knows!'
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In so doing the professor communicated that many individuals would not have fixed

views on the structure of statistical knowledge.

Figure 2.10 Central concepts - who knows! (Diary extract, 1993)

The complexity of statistical ideas may be too difficult to capture in a simple set of

hierarchical maps. As Spiro & Jehng suggested:

Learning and instruction for mastery of complexity and application in a complex and ill-
structured domain cannot be compartmentalised, linear, uniperspectival, neatly hierarchical,
simply analogical, or rigidly prepackaged. (Spiro et al., 1987; Spiro et al., 1988).  Yet it
much too often is, and the result is the development of widespread and serious
misconceptions in knowledge application (Feltovich et al., 1989; Spiro et al., 1988; Spiro et
al., 1989).  This is because complex and ill-structured knowledge domains are characterised
by features such as nonuniformity of explanation across the range of phenomena to be
covered, nonlinearity of explanation, nonadditivity following decomposition, context
dependency, irregularity of overlap patterns across cases (reducing the effectiveness of
prototypes and simple analogies), absence of wide scope defining features for category
application, and so on. (1990, p. 168).

That there is a structure to statistics is evident. It may not be representable in simple

conceptual maps or frames or in a neat hierarchical order. There is the further difficulty

that 'by selecting a particular knowledge representation scheme, one predestines many

of the characterisics of the knowledge that can be represented there, or even aquired

from the expert' (Brule & Blout, 1989, p. 14). With the caution that Cognitive
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Flexibility theory would suggest, and as is evident in chapter 3, multiple strategies were

ultimately used to elicit and represent experts' statistical knowledge.

2.10 A postscript: Two philosophical approaches

Mid-thesis, an oscillation between what were now perceived as two distinct

philosophical approaches (cognitivist and constructivist) played havoc. What was

written one day was rewritten the next as the oscillation between the alternative

perspectives ensued. The source of the oscillation was identified and described as

follows:

In the early phases of unpacking expertise there has been a search for ontological reality:
'what is statistics?' ; 'what are the fundamental concepts, the theory and logic that expert
statisticians use in their construction of statistical knowledge?' Definitions of statistical
concepts such as variability or measurement convey a sense of ontological reality.
However, it has become apparent that these concepts can despite their definition convey
different meanings and implications to different people. The search for the definitive,
objective statistical knowledge structure is abandoned. It is replaced by a search for
different and viable constructions of statistical knowledge that may be held by experts as
evident in the literature or through unpacking exercises. (Writings, 1995).

The attitude that Still and Costall (1991) associated with Cognitive psychology could be

seen to pervade initial attempts to map experts' statistical knowledge.

Cognitive psychology has identified with the hard sciences by drawing its methods from the
laboratory and its vocabulary from computer engineering ... In Science, ..., language seems
to be geared to providing unambiguous and precise descriptions of reality, whether at the
level of theory or observation. Once a true account is given there should be no room for
disagreement, and persisting arguments can in principle be settled by looking more closely
in order to arrive at a consensus. When this is done there is a perfect transparency through
words to the reality they articulate. All traces of vagueness will then be eliminated.
Science, on this account, aims for truth that is essentially incontestable. (Still & Costall,
1991, pp. 7-8).

The trap I had unwittingly fallen into was regarding the usage of the words, constructs

and concepts/schema. On one level they were treated as synonomous, but at other levels

quite differently. When the terms concepts and structure of knowledge, were used there

was a search for something that existed, some truth, some common meaning of

statistical language. The terms concept and constructs were used as if synonyms and yet
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there was an implicit awareness that they were different; hence the oscillation in

writing. When concept was used it was as:

… [a] representation of an objectively informative reality! Thus reality is seen to imprint
itself upon our understanding, or at least is seen to be available for a subsequent checking
against our representation. (Stevens, 1994, p. 6).

However, Kelly's use of the term construct is at variance with that of concept for Kelly's

assumption is that:

…reality does not announce itself to us as a series of directly discernible, discrete entities,
but is construed as such: the substance which he construes does not produce the structure;
the person does. (Stevens, 1994, p. 6).

In the book Against Cognitivism (Still & Costall, 1991) philosophers refer to the

'dangerous' illusion provided by selected examples that cognitivism is somewhat

plausible. 'The plausibility is gained by seeming to come close to our common

experience.' (Mixon, 1991, p. 29). The alternative to the cognitivists approach to

understanding the development and functioning of the mind according to Bolton (1991)

requires that psychology be based in 'a description of the different ways in which the

world can be understood' (p. 110). This is the position to which the teacher, as

researcher, had moved during the unpacking and teaching phases as focus shifted to an

unpacking, not of concepts, but of constructions of statistical knowledge. The shift also

meant that the unpacking was primarily of self and not other experts. Other experts

provided a stimulus, but ultimately the expert was me, searching and directing the study

process until coherence in the constructions of others had been found.
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context of being a measure of variability. A more extensive analysis of textbooks,

contents, texts, maps and frames, is necessary to determine how variation is represented

and how it can be better represented as an organising principle. This is beyond the scope

of this thesis. However it provides a plausible next step in understanding the difficulty

students confront when learning statistics. In the context of this thesis I would contend

that it is not just experts and/or teachers that need to make their knowledge explicit. In

the case of statistics, the discipline needs to make variability explicit through its texts,

teachings and resources.
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CHAPTER 4

Preparing To Teach

4.1 Introduction

The raison d'etre for this work has been to develop a grounded theory of the teaching

and learning of statistics. The process of unpacking and repacking statistical expertise,

described in Section 2, was undertaken to make explicit the teacher’s and other experts'

statistical knowledge. This was to maximise the chance that, in the statistical classroom,

the what and why of the teacher's statistical theory were not replaced simply by the

procedural how. It was also used to determine the most fundamental statistical concepts,

so that they could form the focal point of teaching.

In this second phase of research, the aim was to develop an exemplary course in

statistics. This was to be achieved through the cyclical processes of teaching, reflecting,

further unpacking of expertise and searching for explanations of what was observed in

the classroom. What the description of an exemplary course might entail varies with

circumstance. The teaching in this study was to take place at the tertiary preparation

level. Thus, whilst there was a requirement for students to master a number of statistical

concepts, there was also a need to position the student as academically able, perhaps

enthusiastic but certainly a confident learner of statistics. As an educator and

statistician, one could also suggest that, at any level of study, the ability to understand

statistical concepts is more desirable that the blind application of statistical procedures.

After discussing the dilemma of students compelled to study statistics and the

accompanying domination of rote or surface learning methods, Gordon (1994a) said:
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We surely aim in our teaching to bring about learning that enables students to view
mathematics as integrated and structured knowledge which enhances their understanding of
the world; to encourage approaches which lead to that learning being meaningful and
valued experience. (p. 17).

The development of the grounded theory of the teaching and learning of statistics

commences in the next chapter. Meanwhile, in this chapter there is:

•  a statement of the researcher's initial position in relation to theories of teaching and
learning;

•  an examination of other researchers' approaches and suggestions of how to improve
the teaching and learning of statistics and how to improve education in other areas;

•  the provision of a framework for the evaluation of educational innovations;

•  a description of the qualitative research methodologies used in the implementation
phase; and

•  an examination of criteria for judging the appropriateness of qualitative research.

4.2 Positioning the teacher-researcher

One criterion for judging the adequacy of qualitative research is stated as follows:

Assumptions are stated.  Biases are expressed, and the researcher does a kind-of self
analysis for personal biases and a framework analysis for theoretical biases. (Marshall,
1990, p. 193).

In the early weeks of this project, the teacher-researcher undertook a self-analysis

through writing and cartooning her personal beliefs and theories regarding the nature of

good and bad teaching and learning experiences, both from a teacher's and student's

perspective. In this early stage, the analysis was an attempt to exorcise or set aside her

own position, so that theorising about improvements to statistical education would be

firmly based in data from the classroom. In the final phase of the research, further

intensive self-analysis was possible. At this stage, it was also possible to examine the

early ideas and to confirm them or to contrast them with those that emerged during the

study. Further, it was possible to compare issues raised in the self-analysis with those

raised in the literature.
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In this positioning section there is an examination of the literature and the self-analysis

of the teacher-researcher in relation to:

•  conceptions of learning;

•  conceptions of teaching; and

•  assessment techniques.

4.2.1 Positioning: Conceptions of learning

To develop a theory of teaching statistics or improving statistical learning one must be

aware of what it is that is to be accomplished. 'What is learning?' and 'what is statistical

learning?' In this thesis, there was a need to clarify what this teacher and curriculum

designer conceived of as learning. To understand how this teacher's conception of

learning compares to that of other researchers it is also necessary to examine the

literature for alternative conceptions.

In tailoring a teaching program to the needs of students, it is useful to address another

issue, 'How do students conceive of learning?' From a positioning perspective this

question was re-framed as 'What are the teacher's perceptions of student conceptions of

learning?'

The teacher-researcher's view of learning

The problem that inspired this work was identified as a need to teach in a manner that

induced meaningful statistical learning. The aim of teaching was to change the way that

students see the world and in particular to enable them to view phenomena in the world

from a statistical perspective. The teacher-researcher, adopted the following description

of learning as representing her own:

…the most fundamental principle ... is that learning should be seen as a qualitative change
in a person's way of seeing, experiencing, understanding, conceptualising something in the
real world - rather than as a quantitative change in the amount of knowledge that someone
possesses....This kind of learning obviously differs from being able to remember something
one has read.  But is also different from 'knowing' facts and principles, and from being able
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to carry out a particular procedure. It is a change in one's understanding... From this
principle of learning as a change in conceptions flow the themes and injunctions that should
by now be familiar: a view of content and process in learning as parts of the same whole, an
emphasis on students' conceptions and perceptions, and learning about student thinking as
the key that will unlock the door to better teaching and course design. (Marton & Ramsden,
1988, p. 270).

The teacher-researcher's approach to the creation of meaningful learning was based on

the work of Novak & Gowin (1984). The route to developing meaningful learning

involved developing statistical understanding, through focussing on the rationale for

what we do as statisticians. The unpacking of expertise and the associated identification

and mapping of fundamental concepts was to bring to teaching a clarity of perspective

and statistical explanation, so that the students could understand why it is that

statisticians do what they do. The material was to be ordered in an appropriate manner,

with linkages between concepts expounded so that conceptions of the statistical material

would be both holistic and well differentiated (or detailed). In this context, the process

of learning has been described as:

Students learn statistics through: (1) assimilating new propositions into their cognitive
networks, (2) altering existing propositions, (3) altering neighborhoods, or perhaps even (4)
altering their networks as a whole. (Schau & Mattern, 1997, p. 171).

Bringing this clarity of perspective, obtained through unpacking the teacher-researcher's

expertise, to the classroom does not, of itself, mean that the students have learned or

will learn. In the next section, the teacher-researcher explores how it is that students are

brought to this position of having learned and how it is we know they have learned.

Teacher's perceptions as to students' approaches to learning

In developing an approach to teaching the teacher-researcher was influenced by her

perception as to students' conceptions of learning. The teacher-researcher drew upon her

many years as a student, being amongst students, her time as a teacher and working

amongst teachers when she characterised students conceptions of learning or perhaps

more appropriately students' approaches to and attitudes toward learning statistics.

The students taught in the implementation phase did not want to learn statistics. They

came to University in order to learn about psychology or economics or some other
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discipline. The statistics subject was compulsory. From their perspective, the prospect

that they could understand and enjoy statistics was often far removed. As for many of

the students, who learn statistics through service statistics courses, these students

anticipate that perhaps they can learn to recognise where to apply tests and how to do

the calculations - at least until they completed or passed the subject. They anticipate

that they will not really understand statistics. In initially cartooning this issue of

students' conceptions of learning, (Figure 4.1) the teacher-researcher played with

different concepts that students might hold in relation to their being a student in any

given class.

Figure 4.1 Students' conceptions of the learning endeavour.
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Whilst it was not necessary to identify all the conceptions at this early stage, it was

important to recognise that students were likely to have varying reactions to the

prospect of learning statistics. In this study, students' intentions, or perceptions of

learning statistics, or indeed the strategies they used or their learning style could be

identified as the statistics subject was taught. The dominant perception, based on past

history, was that many of the students taught in the implementation phase were

intending to study psychology and other non-statistics disciplines at University. For

these students, the study of statistics was not seen to be relevant to their goals.

The issue of relevance was particularly noteworthy for the teacher-researcher. When

students ask "How is statistics relevant?', they are recognising their anticipated roles as

psychologists or economists or as professionals in some other disciplines. For example,

the typical psychologist may want to help people seeking marriage guidance, addicts in

withdrawal, children with learning difficulties, or people who have been traumatised.

The teacher-researcher's involvement with the statistics discipline did not begin with a

love of statistics, but rather through the teaching role of helping students who were

struggling with statistics. The role of helping people has recently been identified as the

motivation for the study of social sciences (Schuyten & Dekeyser, 1998). This posed a

problem; how could she expect her students to experience statistics in a personally

meaningful way if it was meaningful for the teacher only in the capacity of helping
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others. She asked in her cartooning, refer Figure 4.2, 'How is statistics relevant to a

farmer's daughter?'

Figure 4.2 Statistics and the farmer's daughter.

As the cartoon also suggests, the reasons used to establish relevance may be tenuously

received. As the teacher-researcher embarked on a teaching role in the statistics

discipline, she needed to reframe statistics so that statistics itself would provide

relevance to the students. She approached this by asking 'to what extent would her

thinking alter if it was not of a statistical and mathematical nature'. In responding to

this, she identified the ways in which statistical thinking was embedded in everyday life

and particularly in decision making.

By slight of word (rather than hand) the term meaningful learning shifted. Drawing on

the work of Novak and Gowin (1984), the emphasis was on a process which began with

observation on events and which culminated in understanding. In this theorising, for

meaningful learning to have taken place individuals must relate the new knowledge to

the relevant concepts and propositions that they already know. The pedagogical

approach, yet to be detailed fully, involved the identification and clarification of

statistical concepts and the linkages between concepts. However, meaningful learning

took on another meaning, that of personally meaningful learning. Later, this aspect of

meaningful learning was characterised as authenticity (refer chapter 5). Whilst a student
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may understand the statistical material in a deep and meaningful way, it does not mean

that the learning is salient or that it provides the learner with a sense of authenticity. In

the implementation phase, in order to create a situation where learning was personally

meaningful, there was a concerted effort to establish the relevance of the statistical

concepts identified to everyday life and everyday thought. In learning statistics, the

theme ‘we are statistical and numerate thinkers’ was maintained throughout all

implementations. At this stage, personally meaningful learning was not distinguished

from relevance.

The issue of relevance was highlighted by Gordon (1994a), who examined factors such

as type of motivation, mathematical skills, metacognitive goals, personality and social

interactions in relation to students' approaches to learning. She found that students who

were compelled to undertake studies in statistics sometimes became pragmatic in their

approach to learning. Goals such as the desire to pass the exams had an impact on

learning, were seen to shift learning from the slower deeper kind, involving

understanding and often requiring the restructuring of schemata, to that of surface

learning, which is quicker. In the words of a student from Gordon's study, the way to

pass exams was, 'practice a test and repeat it, compare the test question to the tutorial

question and apply the same formula.'

Improving Learning

Gordon's paper sparked an awareness of another body of literature regarding making

improvements to learning; to this the researcher returned in the final phase of writing

the thesis. Marton and Ramsden (1988) suggested that thinking in regard to the

improvement of learning has been dominated by a psychological perspective and in

particular through an emphasis on:

•  learning strategies. These may be considered as tactics or a set of procedures for

accomplishing learning, including decisions to implement skills and to plan.

(Schmeck, 1988) or 'any behaviours or thoughts that facilitate encoding in such a

way that knowledge integration and retrieval are enhanced...learning strategies
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include 'actively rehearsing, summarizing, paraphrasing, imaging, elaborating and

outlining. (Weinstein, 1988, p. 291). Learners with holist strategies work with

'global predicates' and 'relations between topics' while serialists prefer to learn step

by step without considering relations. (Pask, 1988).

•  learning styles. This may be considered to be 'a disposition to adopt a particular

learning strategy' (Pask, 1988) and examples include surface and deep approaches to

learning (Marton & Saljo, 1976), The surface approach to learning was recently

described as one whereby learners attempt to satisfy minimum task requirements. In

contrast to deep learners as seekers of personally meaningful learning. (Bowden &

Marton, 1998). A third category, the strategic learner, has also been suggested. This

learner 'seeks high grades by being alert to cues from lecturers as well as being

organised’ (Entwistle & Ramsden, 1983). Another classification of deep-holistic and

surface-atomistic draws together styles (Ramsden, Beswick, & Bowden, 1987).

Reviewing the work of others Torrance and Rockenstein (1988) identified twenty-

three learning styles including amongst others the right-brain-left brain, verbal-

visual and logical-intuitive descriptions of traits.

•  metacognitive knowledge about learning. This included 'being aware of one's own

cognitive and affective states, and controlling and monitoring one's own cognitive

processes, are the defining attributes of metacognition' (Biggs, 1988, p.187). Two

approaches have been developed to teach students to become metacognitive and

deeper learners. These involve either incorporating learning skills into the teaching

of subject matter or through study skills courses (see for example Ramsden et al.,

1987).

Prior to the implementation phase, and in the context of developing the statistics

program, these conceptions were not consciously salient to the teacher-researcher.

Certainly there was no attempt to classify students according to their approach to

learning. The teacher-researcher's previous attempts to improve teaching and learning

through relating student performance to psychological factors such as the fear of

success and need for achievement, and to students' prior academic experience, had not
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resulted in improved teaching or learning practices. However it is evident that the

teacher-researcher wanted to engender a deep appreciation of statistical ideas and this

was embedded in her positioning statements. By way of contrast, at the commencement

of teaching there was a keen awareness of appealing to students' visual, auditory and

tactile senses. This awareness was based not just on students' preferred mode of

attending to information (see for example, Bell, 1998) but through the presence of

profoundly deaf and visually impaired students. The teacher-researcher based her

teaching on an individual differences approach to teaching, using multiple teaching

strategies to appeal to the different needs of student learners.

Conceptions of learning identified by other theorists.

To provide a template for comparison with this study the teacher-researcher examined

the literature, addressing the question: 'what is learning?' Various authors broach this

topic; see for example Marton, Dall'Alba, & Beaty (1993) and Saljo, (1979a).

One perspective has learning conceptualised in six qualitatively different ways:

(A) one's knowledge

(B) memorizing and reproducing

(C) applying

(D) understanding

(E) seeing something in a different way

(F) changing as a person. (Marton et al., 1993, p.284).

When reviewing conceptions of learning, Gerber and Boulton-Lewis, presented six

conceptions, identified by Bruce & Gerber (1995), that university lecturers held of

student learning. These were:

1. Acquiring knowledge through the use of study skills in the preparation of assessment
tasks.

2. The absorption of new knowledge and being able to explain and apply it.

3. The ability of thinking skills and the ability to reason.

4. Developing the competencies of beginning professionals.

5. Changing personal attitudes, beliefs or behaviours in responding to different phenomena.

6. A participative pedagogic experience. (Gerber & Boulton-Lewis, 1998, p. 42).
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As the statistics program was taught in a University environment, it was useful to be

aware of how different lecturers conceive of learning. It is these conceptions that

determine the substance of what is deemed, according to the colleagues, to be

appropriate learning as judged by various assessment techniques. Colleagues will

informally evaluate the students and subject according to their conception of 'what it is

to have learned statistics'.

While the teacher-researcher's primary orientation was the development of statistical

thinking and reasoning skills, it was clear from her teaching practices that multiple

conceptions influenced perceptions as to the nature of learning and the associated

teaching. Drawing upon description provided by Marton et al, the teacher-researcher's

focus when speaking of learning was at the level of applying, understanding and seeing

something in a different way.

4.2.2 Positioning: Conceptions of teaching

In endeavouring to teach, the teacher-researcher responded in part to what she perceived

as required in the act of learning, and in part to her perceptions as to students

conceptions of the statistics learning environment. In positioning herself in relation to

teaching, the teacher-researcher conducted a self-analysis as to the nature of 'good and

bad teaching.' She addressed questions such as 'What techniques did she use as a

teacher?, and why?', 'What had she found to work?' and, 'What was she trying to

accomplish?' In writing on these questions, she identified many different conceptions,

which she held simultaneously, as to what it is she does as a teacher.

Self analysis: Good and bad teaching

The writings and cartoons of the teacher-researcher regarding her conceptions of

teaching focussed on:

•  creating an understanding of fundamental statistical concepts, that is the 'why'
associated with statistical activities;
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•  facilitating learning;

•  creating a learning environment;

•  the teaching process; and

•  teaching strategies or techniques.

Creating an understanding of fundamental statistical concepts. The anticipated aim of

teaching involved structuring the learning experiences of students so that they could

understand the conceptual basis of statistics. In so doing they were to be equipped to

build their own statistical theory. This aim encompassed the ideas in the earlier section,

whereby students were to become more like the expert in their knowledge structure. In

terms of Gowin's Vee heuristic they would be equipped with the 'why' component in

addition to the 'how' as they learned the practices of statisticians.

Facilitating learning. Associated with the concept of assisting students to understand

fundamental statistical concepts was the concept of facilitating students' learning. By

providing a learning environment where students could experience statistical thinking,

the emphasis in teaching was on drawing out of students that for which they were

capable.

Creating the learning environment. The concept cartooned (refer Figure 4.3) reflected

the teacher-researcher's concern with the potential to bore through regularity of

approach.
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Figure 4.3 The boring teacher.

Associated with the concept of facilitating learning was the need to create an

environment that was rich, varied and engaging. The objective of creating an

environment, where students' own thinking was a source of surprise, developed

throughout the implementation phase. This approach was in accord with the sentiments

expressed by another when observing students learn:

Most students...seemed surprised and delighted to learn that when they "created their
own"... methods, they actually discovered for themselves the "proven methods." (Dietz,
1993, p. 107).

The teaching process. The teacher-as-researcher was also aware of alternative

conceptions of the teaching process. One conception was that of teaching being a series

of lectures and tutorials or laboratories wherein statistics are demonstrated through the

analysis of real or fabricated data. As can be identified in the implementation phase, this

was not an approach that was adopted and as such was rejected as a bad approach to

teaching. Although in recent years as the participant-researcher's lectures to large

groups have become activity based, this perception has changed somewhat. The

concept, creating a learning environment with an emphasis on engaging the student in

learning, was further elaborated by the adult learning theory notion that engagement is

more likely to occur through active rather than passive learning. This shift in emphasis

from passive to active learning can be readily identified in the literature on statistical
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education (see for example, ASA/MAA Joint Curriculum Committee report cited;

Moore, 1997). The teacher-researcher's adopted teaching practice may be described as

activity based with active physical and mental participation in exercises required by

students. When she focussed on teaching as the use of strategies for enhancing the

learning process, the teacher-researcher drew upon both traditional lecturing and

activity based approaches to the teaching process.

Teaching strategies. As teaching was contemplated, the teacher-researcher identified

several techniques which formed part of her repertoire for accomplishing various

teaching and learning outcomes:

•  Linking of lectures. The linking from lecture to the next was an important

consideration when teaching. The linking was more than the identification of 'where

we were up to last lecture', it provided an opportunity to re-establish the concepts

previously met, and to situate the concepts in some structure of knowledge being

explored.

•  Timing of teaching. Recollections of psychology and education classes years prior

suggested that timing was also important when considering memory, with retention

best for material presented early, then the most recent material presented, followed

by poorer retention of the material presented in the middle of a lecture. The

introductory minutes were used to link lectures and review the previous lectures.

The middle section of the lecture was used to introduce the new conceptual material

and finer detail or how to information. The last minutes of a lecture were also used

to reaffirm the new concepts and met in the current lecture and how they connected.

Whilst new material often occurred in the middle, it was re-iterated at the end and

again at the beginning of new classes. Allowing for attention spans of approximately

twenty minutes the teacher-researcher, also sought to change the teaching activity

every twenty minutes. The intent was to create a new beginning through a change in

technique, style or activity.



164

•  Use of language. The teaching of statistics used everyday language and analogies to

introduce statistical concepts and processes. Ideas generated by students as they

completed assigned activities were later redefined in appropriate jargon.

•  Acceptance. One further aspect of good teaching was deemed to be the ability to

accept students. One aspect of this involved the acceptance and use of all student

responses. Student answers whilst wrong can be used to clarify confusion between

different concepts, and furthermore that which is wrong can be located in the

teacher's explanation. These incorrect uses of concepts provide invaluable insight

into the students' constructions of knowledge and thus are useful in determining the

direction of teaching. A second aspect of acceptance involved, accepting students

reactions to the learning environment as real (not negative) and as of concern to

them. There was an attempt to at all time to maintain student dignity.

•  Supplementary reading. Readings were also deemed necessary. These were

necessary to provide additional detail and alternative expression of information.

Formal tuition often involves the presence and often absence of students from the

lecturing/tutoring process and hence there was a perceived need for supplementary

reading. It was reasoned that any move away from the traditional approach to

teaching statistics would also involve the preparation of supplementary reading,

lecture notes and handouts. Whilst supplementary readings were identified as

necessary for the reasons mentioned, students were not provided with a text or

recommended readings. Reading materials supplied were in relation to the activities

worked and the debriefing in relation to the ideas that emerged in class. The teacher-

researcher remained acutely conscious that this ran contrary to current practice. In

parallel strands librarians were teaching these same students how to access and use

library resources. At the conclusion of the implementations, there remained an

ambivalence towards providing texts and readings. The teacher-researcher remained

concerned that reading about ideas, rather than generating them through active

participation, would dilute the impact of those ideas. This issue is returned to when

discussing the outcomes of the implementations.
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•  Linking statistics to the students' world. The students who were to be taught in the

implementation phase were not committed to any particular academic program.

Hence the relevance of statistics, needed to be established in terms of generic skills

rather than the students' disciplines. As indicated in Figure 4.4, establishing the

relevance of statistics by teacher talk, involved linking the practice of statistics to

the students' everyday activities.

Figure 4.4 Linking statistical ideas to the world around us.

Teaching is a multifaceted activity. For the teacher-researcher, the provision of a rich

and varied environment was seen as of primary importance. Within this environment

were embedded multiple approaches to examining the major statistical concepts. The

responses to all manner of interactions in the classroom were purposeful: guiding,

shaping, explaining, extending, clarifying, testing, remaining patient and taking time out

to observe students.

4.2.3 Other theorists: Concepts of teaching

Other researchers have also investigated conceptions of teaching. One of these elicited

concepts using three techniques, concept mapping (CM), flexigrid (a form of repertory

grid analysis) (F) and from observations made of a videotaped lecture (O) (Morine-
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Dershimer et al., 1992). Using this approach Morine et al identified three clusters of

ideas relating to:

•  Curriculum. The curriculum category was composed of three subcategories:

(1) content/materials. The concepts identified from the various methods were: CM- follows
curriculum, uses visual aids, F- good curriculum versus bad, discipline taught, 0- related ideas to
present day situations.

(2) student outcome. The concepts identified from the various methods were: CM- enhance students
thinking skills, promote group cooperation, teach to work independently, F- encourages creativity
versus discourages ideas, stimulates thought versus does not stimulate thought, O students cannot
come to conclusions on their own (-), students are not afraid to speak out if they disagreed(+).

(3) planning. Only CM yielded concepts. These include variety in lesson plans and prepared for each
class.

•  Instruction. This was composed of four categories.

(1) instructional process. The concepts identified from the various methods were: CM- asks thought
provoking questions, differentiates methods to meet students' needs, follows up assignments with
reinforcement activities, varies teaching styles and activities, F- answers questions versus ignores
students, conveys information clearly versus does not convey information clearly, adapts to
students' level versus does not, various methods versus patterned, O- questions were thought
provoking(+), pushes students for more than their original response(+), examples were anecdotal
and effective(+), writes key phrases on the board(+)

(2) classroom management. The concepts identified from the various methods were: CM- establishes
consistent guidelines, maintains order during class, good time management, F- organized versus
unorganised, efficient versus inefficient, control of class versus lack of control, good pace versus
too fast, O- keeps the class moving(+), pace was too fast (-).

(3) lesson structure. The concepts identified from the various methods were: O- great introduction (+),
might have stated goals more clearly at the beginning (-), stopped and summed up what had been
said (+), drew the main conclusions rather than have students summarize (-) and

(4) evaluation. The concepts identified from the various methods were: CM - assesses student
understanding, good test writer, fairness and consistency in grading, O- goals clearly defined and
fair evaluation.

•  Social Context. This was composed of four categories.

(1) personal qualities. The concepts identified were; C- patience, enthusiasm, flexibility and
professionalism, F- personable versus intimidating, sense of humor versus humorless, modest
versus large ego, flexible versus boring, O- confident in front of the class (+), obvious energy (+),
added humor (+) and entertaining to watch (+).

(2) learned traits. The concepts identified were: CM- depth of content knowledge, knowledge of
different teaching methods, knowledge of students' backgrounds, F- knows material well, knows
kids and observant.

(3) relationships. The concepts identified were: CM- good rapport with administrators, liason between
parents, faculty and students, respect for other faculty members, good rapport with students, F -
friendly, respect for students, genuine concern, and good communication.

(4) classroom role/climate. The concepts identified were: CM- teacher communicates high
expectations, students share control with teacher, positive learning environment, F - expects a lot,
shows personal feelings, treats all students fairly and O- abrupt (-), abrasive (-), sarcasm (-) and
authoritarian presence is an effective teaching tool (+).

The teacher-reseacher's observations of teaching, her completion of a repertory grid

generated similar concepts. Ramsden (1995) provided a contrasting framework when he
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asked the question 'What will help us, as teachers, to achieve improvement?' (p. 1).

Borrowing from Bain, Ramsden compared two models of teaching and learning. One of

these was deemed, Disseminating knowledge (DK) and the other Making learning

possible (MLP). As Ramsden points out, and as the teacher-researcher experienced,

teaching and learning may draw from both models. Characterising teaching as

belonging to one or other model is a matter of emphasis. The models were compared on

nine dimensions and it is useful to characterise the teaching and learning, as it occurred

in the implementation phase, on each dimension.

1 )  Epistemological assumptions. In the DK model, knowledge was seen to exist

separately from the people who possess it versus a perspective whereby the

construction of knowledge was not deemed to be independent of the person. In this

study the teacher-researcher experienced an oscillation between the two poles

Moore cautions against radical constructivism, and social constructivism,

particularly in the extremes:

Taken to its limits, radical constructivism suggests that because we all construct our own
knowledge, teaching is essentially impossible. No one's preconceptions can be said to be
"wrong", even if the preconception in question is that the logarithm acts like a linear
function. Social constructivism suggests that because knowledge is socially constructed,
with no necessary correspondence to any truth "out there", teaching in any sense is akin to
indoctrination. (Moore, 1997 p. 126).

In those areas of mathematical statistics which have an axiomatic basis, there is a

'truth', a knowledge which existed independently of the observer. Indeed, as Moore

remarks it is difficult for any mathematician to ask "when does 2+2 not equal 4?"

(Moore, 1997, p. 126). However, for the greater part of the thesis and teaching, and

particularly where statistical thinking was at issue, the teacher-researcher adopted a

stance wherein knowledge was not viewed independently of the observer. For the

teacher-researcher, different constructions of knowledge came from the different

ways in which elements of knowledge were related, or from differences in the

implications that were perceived to follow knowledge atoms.

2) Academic and social environment. In the DK model, knowledge is learned through

'individual study and practice…other students provide competition but are otherwise

marginal to learning'. In the MLP model 'effective learning occurs in an
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environment that mimics social systems of inquiry; social interaction and

cooperation are essential to the negotiation of understanding' (Ramsden, 1995,

p.19). The academic environment reflected the oscillation in epistemological

assumptions, and the mathematics versus statistics dichotomy. The dominant

environment for learning mathematics (principally out of class) involved individual

study and practice, although students could and did often work with others when

they felt they needed assistance, whilst in the statistics learning environment the

emphasis was on social interaction and cooperation.

3) Student learning. The DK model is teacher-focused, students 'practise procedures,

produce correct answers, reproduce knowledge accurately' (Ramsden, 1995, p.19).

The MLP model is learner focused, with abstract concepts and principles derived

from experience. The emphasis is on students' construction of personal

understanding and the emulation of experts' methods. The emphasis in 'teaching'

statistics in this study on developing students thinking such that they used key

statistical concepts when providing solutions to problems was clearly from the MLP

model.

4)  Teacher's role. In the DK model the teacher's role is to:

...ensure that the ever-expanding content is covered. Organise and present knowledge well.
Arrange suitable teaching activities, including lectures, tutorials and labs as appropriate.
Rely on students to understand and absorb presented knowledge and procedures.'
(Ramsden, 1995, p.19).

However, the MLP model best describes the teacher's role in this study. The

emphasis throughout the implementation phase involved the use of activities to

generate statistical thought and dialogue. The teacher's role was to clarify, extend

and assist in the restructuring of ideas. This is consistent with the MLP model

where the teacher's role is to:

...limit content to the essential. Model the methods of practice and scholarship in the field.
Design diverse tasks strongly related to learning goals. Challenge misconceptions and build
understanding through dialogue. Constantly monitor student understanding and intervene
whenever necessary. (Ramsden, 1995 p.19).

5) Desirable learning and assessment tasks. Desirable learning and assessment tasks.

In the DK model, assessment tasks tend to be
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'...well-structured problems and standard exercises with high reliability. "Decontextualised
practise": parts are studied separately and only brought together towards the end of the
course. Tasks provide feedback at the end of the unit, or not at all' (Ramsden, 1995, p.19).

This would provide an apt description of the assessment for mathematics. However

the learning and assessment tasks for statistics in this study would be best described

according to the MLP model. For this the assessment tasks are:

...loosely structured problems and realistic tasks requiring student decision making.
"Situated practice": tasks of increasingly complexity that incorporates essential skills and
knowledge. Tasks provide continuous feedback. (Ramsden, 1995, p.19).

6) How is teaching improved? This refers essentially to the environment in which

teachers operate, but, in commenting, the researcher is addressing what she

responded to in the environment. In the DK model, teaching is improved 'mainly

through practice; driven by extrinsic rewards' (Ramsden, 1995, p. 19). The route to

improving statistical education in this study has not been without extrinsic rewards,

however it conforms closely to the MLP model whereby intrinsic interest has been

a driving force, as have 'repeated cycles of reflection and action' upon teaching.

7) Approach to management and leadership teaching. In the DK model the context

within which teaching takes place is 'essentially transactional: assigning tasks and

rewarding their successful completion', whilst in the MLP model the approach is

'essentially transformational: creating an enabling environment and pursuing a

moral vision. (Ramsden, 1995, p. 19).' The learning development environment

within which this teaching was conducted was an enabling environment. Teaching

was clearly the singular most important role for each academic. Daily, informal

discussions with other staff would centre on how to solve or approach problems

encountered with teaching and learning.

8) Evaluation and audit. In the DK model, evaluation is 'measurement focused,

externally directed and value-free. Preferred indicators are quantitative, such as

pass rates and student ratings' whilst evaluation for the MLP model is 'process

focused, user directed and permeated by values. Preferred indicators are qualitative,

such as student comments and evidence of changes in conceptions' (Ramsden,

1995, p. 20). Whilst the dominant form of evaluation was conducted internally and

'process focussed', in this study, pass rates, marks and student ratings are also used

to enable comparisons between different implementations.
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9) Educational effectiveness. Improving education in the DK model is 'essentially

technical: a problem to be solved' whilst for the MLP model it is 'essentially

problematic: an enduring human dilemma. (Ramsden, 1995, p.20). As Ramsden

concluded, these dilemmas are to be repeatedly encountered. Similar issues

resurfaced, as the teacher-researcher moved from one class of students with one

subject in this study to other subjects for other students in the reflective phase. The

solution to similar problems needed to be formulated again with the particular

group of students in mind.

4.2.4 Positioning: Assessment

Self-analysis: the nature and role of assessment in learning

Assessment was originally conceived of by the teacher-researcher as just another

teaching strategy. However, the relationship between assessment and learning assumes

a greater role in the literature than many of the other strategies identified. Ramsden, said

that in improving the quality of higher education:

University students' experiences of teaching and assessment matter more than particular
teaching methods in determining the effectivenesss of their learning… And, if teaching is
about helping to make learning possible, assessment becomes defined as being about
understanding students and what they have learnt. Effective assessment helps students
develop the skills of self-assessment. (1995, p. 4).

In the positioning writings, the teacher-researcher asked 'What impact does the nature of

assessment have upon the learning of students?' At this stage she was aware of the

possibility that:

…the student goals of passing and satisfying course requirements, which are often
facilitated by cookbook recipes for the selection and calculation of various statistics, may
mitigate against deep learning, that is, mitigate against the learning of how statistical
concepts relate and of processes are involved in statistical decision making. (Writings,
1993).

Yet there was a need to address the issue of 'How it is we know they have learned'. The

awarding of University degrees is dependent on evidence that students have learned.

The teacher-researcher drew heavily on the theoretical work of Novak & Gowin, (1984)

and her own experience in mathematics and statistics remedial work with students. Her
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practice of identifying, the conceptions held by students and missing concepts, and her

subsequent development of conceptual structures with students continued. Assessment

was orientated to revealing students' conceptual understanding of statistics. As she

considered meaningful learning, she wrote about the perspectives of other theorists:

A further criterion for meaningful learning to have taken place is that, individuals must
relate the new knowledge to the relevant concepts and propositions that they already know
(Novak & Gowin, 1984). In this way meaningful learning contrasts with rote learning,
which involves knowledge being arbitrarily incorporated into a person's knowledge
structure without interacting with what is already there as happens when simple
memorisation of new knowledge takes place.

The techniques of concept mapping, semantic networks and Gowin's Vee provide
mechanisms for creating visual images of both experts' and students' knowledge structures
and thus enable a ready comparison between the two.  A further benefit of this approach is
that it may be used in conjunction with students' maps in order to identify their
misconceptions whilst at the same time facilitating the acquistion of shared meaning
between teachers and students (Novak & Gowin, 1984). (Diary, 1993)

4.3 Literature Review: Improving Statistical Education

In this section, the review, which followed the implementation of the curriculum,

focuses on changes suggested by the literature as a means of improving statistical

education. To facilitate discussion, the suggestions have been classified as belonging to

one of three categories:

•  curriculum, particularly curriculum content;

•  pedagogical practices, with emphasis on the strategies adopted in teaching; and

•  assessment.

Only a few of the suggestions for improving statistical education have been trialed and

comprehensively evaluated. However it was thought that the examination of the

suggestions for improving statistical education provided a context for reflecting upon:

•  coherence between the fundamental concepts espoused by experts and suggested
curriculum content;

•  teaching practices proposed in the literature and those documented throughout the
implementation phase (refer Chapter 5); and
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•  assessment practices used and those documented.

4.3.1 Curriculum / Academic Content

The term curriculum may be used to refer to the aims, objectives and academic content,

but in a wider sense may also refer to teaching practices and assessment. In this section,

the emphasis has been on a statement regarding possible academic content.

The first three statements regarding academic content are in many ways consistent with

each other, differing in the detail rather than the sentiment. The statements may be seen

to reflect collected wisdom, rather than evidence as to the efficacy of changes in

curriculum as delivering better statistical understanding on the part of students. Three

examples of this are provided by:

(1) the recommendations of the Joint Curriculum Committee of the American Statistical

Association (ASA) and the Mathematical Association of America (MAA) is that  the

nature of first courses in statistics should be as follows:

1. Emphasize the elements of statistical thinking:

(a) the need for data,

(b) the importance of data production,

(c) the omnipresence of variability,

(d) the measuring and modelling of variability

2. Incorporate more data and concepts, fewer recipes and derivations. Where ever possible,
automate computations and graphics. An introductory course should:

(a) rely heavily on real (not merely realistic) data,

(b) emphasize statistical concepts, e.g. causation versus association, experimental
vs. observation and longitudinal vs. cross sectional studies,

(c) rely on computers rather than computational recipes,

(d) treat formal derivations as secondary in importance.

3. Foster active learning, through the following alternatives to lecturing:

(a) group problem solving and discussion,

(b) laboratory exercises,

(c) demonstrations based on class generated data

(d) written and oral presentations

(e) projects, either group or individual.
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(ASA/MAA Joint Curriculum Committee cited; Moore, 1997, p. 127).

(2) Drawing on their own earlier work (Gal & Garfield, 1997), Garfield and Gal (1999)

listed the big ideas that underlie statistics. In terms of Gowin's Vee the first, fourth, fifth

and seventh of these points could be described as the conceptual component aspects,

that is the what and why. The second and third points could represent the doing

component with an additional component, the ability to communicate. The big ideas

were listed:

1. Understand the Purpose and Logic of Statistical Investigations…

• The existence of variation

• The need to describe populations by collecting data.

• The need to reduce raw data by noting trends and main features through
summaries and displays of the data.

• The need to study samples instead of populations and to infer from samples to
populations.

• The logic behind related sampling processes.

• The notion of error in measurement and inference, and the need to find ways to
estimate and control errors.

• The logic behind methods (such as experiments) for determining causal
processes.

2. Understand the Process of Statistical Investigations …

• Formulating a question.

• Planning the study (e.g. approach and overall design, sampling, choice of
measurement tools).

• Collecting and organizing data

• Displaying, exploring, and analyzing data.

• Interpreting findings in the light of the research question.

• Discussing conclusions and implications from the findings, and

identifying issues for further study.

3. Master Important Procedural Skills…

4. Understand Probability and Chance…

• Concepts and words related to chance, uncertainty, and probability that appear in
our everyday lives, particularly in the media.

• It is important to understand probabilistic processes in order to better understand
the likelihood of events in the world around us, as well as information in the
media.

• Probability is a measure of uncertainty

• Developing a model and using it to simulate events is a helpful way to generate
data to estimate probabilities.
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• Sometimes our intuition is incorrect and can lead us to the wrong conclusion
regarding probability and chance events.

5. Develop Interpretive Skills…

6. Develop ability to Communicate Statistically

7. Develop Useful Statistical Dispositions (Garfield and Gal, 1999, pp. 2-3).

(3) Nicholls (1999) draws upon Smith's (1996) work when discussing curriculum

content from the context of preparing students for the workplace. In the workplace the

statisticians' roles involve:

…providing theory and protocols to guide and discipline all forms of quantitaive
investigatory procedure. Such theory and protocols fall under the following kinds of
heading:

• the framing of questions;

• design of experiments and surveys;

• drawing up protocols for data collection and recording;

• collection of data by sampling or observation;

• monitoring compliance with protocols;

• monitoring data quality, data storage summarization

and presentation;

• stochastic modelling;

• statistical analysis;

• model criticism and assessment of assumptions; and

• inference reporting and the use of results for prediction, decision

making and hypothesis generation. (Nicholls, 1999, p. 129).

The literature also reveals two other contrasting approaches to these statements on

curricula. Often the approaches may overlap, but they may also be recognised as

distinctly different approaches to statistical education. These approaches are teaching

through resampling and teaching statistics from a Bayesian perspective.

Resampling

Statistics may be taught through resampling (Peterson, 1991; Seiter, 1994; Simon,

1994) rather than formulaic methods (Simon, 1994) found in traditional approaches to

teaching. This is not inconsistent with the first of the curriculum statements provided by

the ASA and MAA, when they sought to treat formal derivations as secondary in
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importance. The shift away from teaching statistics in a mathematical and theoretical

way to teaching through an emphasis on applied statistics with an emphasis on

exploratory data analysis has been well-documented. (For a fuller discussion of this

historical shift refer Hawkins, Jolliffe, & Glickman, 1992).

Simon describes resampling as follows:

Resampling refers to the subclass of statistical problems done with simulations; it includes
bootstrap and Fisherian permutation methods as well as simulation techniques for dealing
with a variety of other problems such as binomial proportions' (Simon, 1994, p. 290).

Resampling can be done, in principle by enumeration. But, in practice, the number of

possible cases may be so large that simulation is necessary. The resampling method

may be characterised as a method which:

...emphasises intuitive reasoning and involves using a computer to perform experiments on
the available data -- a process known as resampling -- to get meaningful answers to
statistical problems. In his scheme students avoid having to tangle with mysterious
formulas, cryptic tables and other forms of mathematical magic to get their results
(Peterson, 1991, p. 56).

The big ideas of statistics such as statistics is about variation may be demonstrated

through these resampling procedures rather than deduced from theory. Simulations are

also often used within traditional courses to develop an intuitive understanding of

classical theory. However resampling may also be considered to be a pedagogical

approach to learning statistics, as the approach has implications for the inclusion or

more specifically non inclusion of theory and formula that traditionally reside in

introductory courses. The resampling approach may be directed more to solving

statistical problems or decision making rather than to generating an appreciation of

classical theory.

The Bayesian Perspective

The second contrasting approach is teaching statistics from a Bayesian perspective (see

for example, Blackwell, 1969) rather than a frequentist perspective that underlies most

traditional statistics courses (Berry, 1997). The approach was described as follows:
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Bayesians take a larger view, and one not limited to data analysis. In particular, the
Bayesian approach is subjective, and requires assessing prior probabilities. This
requirement forces users to relate current experimental evidence to other available
information… One basic idea, of course is Bayes' theorem. Another is that all uncertainty is
represented using probability. Learning the basics of Bayesian statistics requires following
logical thought processes (Berry, 1997, p. 241.)

Teaching from a Bayesian perspective may also be undertaken using resampling

methods (Albert, 1993; Smith, 1996; Smith & Gelfand, 1992) or can be taught from

theoretical, formulaic methods. Within all three perspectives there can be the orientation

to make statistics more or less mathematical (see for example, Higgins, 1999).

Examining further these less recognised approaches to teaching statistics, is beyond the

scope of this thesis. However in dismissing the approach in this manner one needs to be

mindful of the comments made by others:

I contend that the Bayesian introductory statistics courses…should be considered
acceptable alternatives to the traditional frequentist approaches. (Short, 1997, p.263).

In making this statement, Short illustrates that the approach to teaching, just as the

earlier approach recommended by the ASA/MAA Joint Curriculum Committee, may

emphasize statistical thinking; involve more data and concepts; involve less theory and

recipes and foster active learning.

One can also approach the improvement of statistical education from the perspective of

changing pedagogical practice rather than curriculum content. Indeed some of the

specifications listed under curriculum content make reference to the manner in which

statistics is taught.

4.3.2 Changes in pedagogical practice

In order to evaluate improvements or otherwise in statistical education associated with a

change in curriculum or pedagogical practice one needs to consider:

•  the nature of the outcomes improved;

•  the context for making the improvement;
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•  how the agent of change is identified and described;

•  the quality of the evidence; and

•  the evidence itself.

Outcomes defining better education

When authors document a change in teaching technique, they tend to identify some

changed outcome. Often there is an implication that the change produces better

statistical education. However, there are varied outcomes of interest to educators. The

innovations need to be considered in terms of the associated educational outcomes.

Typical terms in studies regarding improvements for statistical education include

changing or influencing motivation, engagement, understanding or analytical thinking

skills, attitudes such as anxiety, fear or interest, the retention of concepts; and the

amount learned.

To look at changed learning outcomes in greater depth one could draw on a number of

educational taxonomies (or learning hierarchies) when examining the nature of learning

(see for example, Biggs & Collis, 1982; Gagne, 1977). If one were to use Bloom's

Taxonomy of Educational Objectives (1956), one would classify the students' type of

learning in the following hierarchy:

•  recall knowledge, remember facts,

•  comprehend (or be able to explain in ones own word), understands relations and
context;

•  apply facts, rules or procedures to new areas;

•  analyse, separating the whole into parts, to classify, compare and contrast;

•  synthesise or combine ideas to form a new whole;

•  elucidate, develop judgement, or establish which criteria they would use to make a
choice.
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These earlier taxonomies have been extended to include structural and higher-order

cognitive, metacognitive and motivational learning outcomes. These extensions

recognise the different learning environments where knowledge may be either well or

ill-structured. The extension to the taxonomies was done in the context of:

...'real-world(situated) problems' emanating from ill-structured knowledge domains . To
solve these problems students must be able to '(1) define the problem, (2) decompose the
problem by relating it to domain knowledge, (3) hypothesize alternative solutions, and (4)
evaluate the viability of those solutions'. (Jonassen & Tessmer, 1996/7, p. 32).

The skills associated with completing these tasks include (1) ampliative skills1, such as

'drawing analogies, making inferences and constructing arguments', (2) self-knowledge

including awareness of learning styles, learning strengths and level of knowledge, (3)

executive control or metacognitive strategies, and (4) conation (or motivation).

Executive control strategies for planning include:

(a) assessing/estimating task difficulty, (b) setting learning goals, (c) selecting or
determining strategies for accomplishing tasks, (d) allocating cognitive resources, (e)
assessing prior knowledge (also a part of self knowledge), (f) assessing progress toward the
goal, and (g) checking your performance for errors. (Jonassen & Tessmer, 1996/7, p. 33).

One could also consider as outcomes of teaching examining changes in students' critical

thinking. Students should be able to understand, formulate, analyse and assess problems

or questions. This they should be able to do in relation to the purpose or goal of

thinking, the frame of reference, assumptions made, central concepts and ideas

involved, principles and theories used, evidence, reasons or data advanced, claims

made, inferences, reason and formulate thoughts and the implications and consequences

that follow. (Paul, 1992).

In statistical education research few studies examine outcomes in terms a taxonomy of

learning. An exception to this is a study that examines student understanding in cohorts

of students over different time periods and grade levels. Specifically the study examined

student responses in terms of:

                                                  

1  Ampiative skills are considered as 'distinct from problems solving skills because they are not directed
at arriving at a solution as much as extending the learner's knowledge of a domain'. (Jonassen and
Tessmer, 1996/7, p.32).
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(1) a basic understanding of statistical terminology; (2) an understanding of statistical
language and concepts when they are embedded in the context of wider social discussion;
and (3) a questioning attitude which can apply more sophisticated concepts to contradict
claims made without proper statistical foundation. (Watson, 1998, p. 793).

Whilst the study was not a comparative study in the sense of examining improvements

due to changes in pedagogical practice, it could be used to provide a measure of

understanding, and hence be of use to curriculum planners. Watson drew upon the work

of Biggs and Collis (1982) who proposed the SOLO (Structure of the Observed

Learning Outcome) taxonomy involving the levels:

• Prestructural - irrelevant response;

• Unistructural - the use of one obvious piece of given data;

• Multistructural - the sequential use of one obvious piece of given data;

• Relational - the integration of the given data to form a unique conclusion or
generalization; and

• Extended Abstract - the use of multiple interacting abstract systems to form a response.
This may include forming a general hypothesis, assessing the quality of models and
accepting open-ended answers. (Kjollerstrom & Martensson, 1999, p.18.).

Assessing the outcomes of statistical learning has involved the use of the classification

of the structural elements of meaning in mathematical objects. These structural

elements include:

a) intentional elements: concept definitions, propositions, procedural descriptions; b)
Extensional elements: situation-problems, exercises, tasks; c) Notational (or instrumental)
elements: Systems of symbols, computing and representational resources (tables, graphs,
texts, etc.)(Godino, 1998, p.905).

Some researchers structure their teaching according to the PCAI cycle (i) Pose the

question and produce a hypothesis (ii) Collect the data (iii) Analyse the results and (iv)

Interpret the results (see for example (Ben-Zvi, 1997)). When teaching is structured in

this manner it would be possible to examine critical thinking. Ben-Zvi's study was not a

comparative study. However, he suggested based on observational techniques

identifying students' uncritical thinking, the meaningful use of representations, the

meaningful handling of multiple representations and creative thinking, that the

meaningful learning of statistics was promoted through this form of teaching.
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One problem found when reviewing the papers on improving statistical education is that

when investigating the nature of learning in statistical education the nature of learning

is taken for granted (Saljo, 1979, p.446). To improve the quality of learning one would

adopt teaching practices that improved the higher order levels of thinking and it is

therefore these levels of learning that would need to be assessed.

Context for evaluation

When evaluating the outcomes of changes to teaching one must also consider the

context of that learning. That which improves learning for students involved in distance

education programs may not have the same impact when applied in on campus

programs. For example, whilst distance students may have a positive reaction to edited

videos of lectures (Godden, 1998) or interactive learning environments (Portier & Van

Buren, 1995), the same might not be found for their on-campus counterparts.

Describing the agent of change

Some authors describe their work in broader theoretical or epistemological terms, for

example they are moving from a passive learning to an active learning environment (see

for example, Scheaffer, 1994; Shaughnessy, 1977), using a problem-based learning

approach (Ryan, 1998; Wang & Wong, 1998) or say to adopting a constructivist

perspective. For example, Moore's (1997) commentary described a general shift in

pedagogy from 'the "information transfer" to the "constructivist" view of learning' and

the associated shift from listening and reading to active participation. Student learning,

by implication was improved by:

Group work in and out of class; explaining and communicating; frequent rapid feedback;
work on problem formulation and open-ended problems. (p. 125).

Moore could be describing what in Ramsden's (1995) terms could be viewed as a

change where students learned in a social environment. In many such commentaries,

where authors describe their work in terms of the learning environment or

epistemological assumptions, the inference is that there may be multiple changes to both

teaching and assessment practices.
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Some articles examined make multiple attributions as to the strategies used to improve

statistical teaching and learning. Two different examples of these are as follows:

•  McBride (1996) provides an example where multiple strategies are used to induce

analytical thinking skills, as measured by the Whimbey Analytical Skills Inventory.

McBride oriented teaching toward active learning, used a range of strategies. These

included students working in pairs, performance based exams involving the analysis

of many data sets, use of statistical software, open textbook exams. Using a pre-test,

post-test design, without a control group, he concluded that students given the

opportunity to engage in active learning were more willing to tackle questions at the

end of session and that they had improved their general analytic skills.

•  Selvanathan & Selvanathan (1998) provided another example of using multiple

strategies to make the teaching of statistics a success. They described the key

characteristics of good teacher performance and the methods of teaching.

Performance of the teacher involved planning, implementation and evaluation.

Many of the articles discussed in this section make few attributions regarding the cause

for change in outcomes. One of the difficulties associated with classifying any attempt

to improve statistical education is that whilst the author may indicate one focus, perhaps

one change in pedagogical practice, there may be indications of other pedagogical

changes or practices which may have effected outcomes. Indeed for all these studies one

must remain somewhat sceptical as to what has actually changed as teaching and

learning environments are incredibly complex and dynamic.

Quality of the evidence

Most articles reviewed in this section do not provide comprehensive evidence or

evaluations regarding the outcomes of the suggested educational innovation in

pedagogical practice. This difficulty is described as follows:

...little is know about or has been published on the methodology of statistical education
research. As is the case in social and medical research, it is often not practical to
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experiment in educational research and it is not always ethical to do so. Controlled
experiments are particularly difficult to do. (Jolliffe, 1998, p. 804).

However, articles that merely provide a commentary have been accepted in this study as

being based in the teacher-author's experience of statistical education. The articles have

been classified in terms of those which provide a commentary, that is no formal

evaluation, and those which to some extent might be considered in the words of

Hawkins to provide an 'evidence-based understanding about the teaching/learning

process' (p. 144). As the evidence provided is generally poor, emphasis in this section is

on identifying the multiple conceptions as to what has changed and the attendant impact

on statistical education, rather than whether or not correct attributions have been made

regarding the cause of the change.

Evidence and Commentary

To illustrate the range of approaches used to effect an improvement in statistical

education a selection of articles, drawn primarily from the Fifth International

Conference on Teaching Statistics (1998) have been reviewed. They have been

classified in Table 4.1, according to the key descriptor of the suggested pedagogical

change, the learning outcome and whether or not the outcomes, were supported by

commentary or evidence. The evidence supplied is generally weak. The purpose of the

review is therefore re-iterated as simply illustrating a range of strategies suggested for

improving statistical education and the type of evidence associated with the claim.

Studies have been classified according to the categories of:

•  activity based learning. The implementation of activities has been directed toward

improving a range of outcomes, conceptual understanding, engagement, motivation

and the reduction of the fear associated with learning statistics. All five studies

included in Table 4.1 provide commentaries as to the nature of activities that can be

used to improve learning.

•  using and/or collecting real data. Many accounts focus on the nature of data that is

supplied or collected by students. For example, Roberts (1993) described a shift in

student learning with a change in teaching. Teaching moved from the traditional
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approach of a theory lecture followed by practical exercises, to approaches

increasingly using real data sets and finally to an approach wherein students

generated their own data, this being followed by lectures with the relevant theory.

Students, according to Roberts were considered to be more engaged in learning

when they generated their own data. Other outcomes as described by these studies

were creating understanding, motivation and interest.

•  using technology, changing computer software, using multimedia or the internet.

One of the difficulties in attributing the success or otherwise of technology for

improving learning or attitudes toward learning is that the implementations

themselves need to be good implementations in order to adequately assess the

outcomes. Poor technology usage should lead to poor learning outcomes and such

some studies may not provide for an appropriate evaluation of the potential for

technology to improve learning. Software packages used as an adjunct to teaching

may vary in the embedded paradigm; instructional (drill and practice), revelatory

(learning by discovery), conjectural (testing ideas and hypotheses) and

emancipatory (reducing the number of calculations) (Ng & Nobar, 1998). In

reviewing these articles, actual evaluation of whether or not the technology has been

appropriately used is beyond the scope of the thesis. Implementations can involve

comprehensive learning statistics systems such as StatPlay (Cumming & Thomason,

1998) and the associated 'Play it again SAM facility' (Les, Maillardet, & Cumming,

1998), Models 'N Data (Stirling, 1995) and hypermedia (Ciaccio, 1998).

Implementations also involved the use of graphic calculators (Bilotti-Aliaga, 1998;

Lipson, 1998; Situmeang, 1998) and generic spreadsheets (Carter & Mougeot,

1998). In a meta-analysis of articles from 1967-1997 Fitzgerald (1998) concluded

that students performed as well or better when exposed to computer-assisted

instruction, but cautions that the finding is not homogeneous. As with many other

studies, there is insufficient information to further examine Fitzgerald's findings.

Fifteen of the studies included in Table 4.1 report various uses of the use of

technology, graphics calculators, computers, the internet and particular forms of

software, such as spreadsheets or Minitab. These do not reflect favourably on the
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use of technology for improving learning although providing comparable learning

environments to the traditional seems plausible.

•  selecting appropriate textbooks. This is of particular interest in the context of the

earlier review of how the term variability and variation often fails to be made

explicit in statistics textbooks. The authors of these papers make commentary as to

what they consider appropriate in textbooks in order for them to facilitate learning

or some other outcome such as decreasing anxiety.

•  thematic approach. Another approach to improving the teaching and learning of

statistics has been to use a thematic approach. Teaching statistics may take place in

the context of a theme, such as total quality management (TQM). Some use the idea

of multiple themes within subjects or an overall subject theme and in each case the

outcome has been described in terms of increased motivation, interest or

engagement.

•  miscellaneous. There is a host of other strategies, aimed at changing some one or

other educational outcome, whether it is affect, (the emotional response associated

with the experience) or amount learned, retained or understood. Strategies include

co-operative learning, the use of workbooks, video, the use of case studies.

Table 4.1 Improving Statistical Education - commentaries and evidence

Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Strategy: Activities
Activities to reveal
principles of
experimental design.
(Cobb & Miao, 1998)

Engagement, motivation Commentary: The activities used to examine
experimental design are discussed. The authors
conclude that the activity is effective in creating
discussion, engaging and revealing design
concepts.

Humorous and
interactive group
activities
(Lackey, 1998)

Removes fear of learning,
easier to retain concepts

Commentary: The article focuses on a description
of fun activities.

Activity to reveal
design principles
(Ngee, 1998)

Motivation Commentary: Students are eager to be involved
in 'planning, brain storming, data collection and
analysis." p. 222.



185

Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Workshop statistics
(active learning)
(Rossman & Chance,
1998)

Conceptual understanding Commentary: The article provides a description
of activities and implementation of the
workshops.

Active Learning
strategies
(Witmer, 1998)

Understanding Commentary: The author discusses the nature of
activities that can be used.

Strategy: Real Data
Working with real data.
(Burrill, 1991)

Understanding Commentary: The article discusses
implementation issues.

Case studies of realistic
economic problems.
(also teams of two,
Minitab, laboratory &
lectures & report
writing)
(Carlson, 1999)

Motivation Evidence:
• 80-90% Students responded favourably to the
use of cases.
• a correlation was found between the projects
and examination marks.
Commentary: suggested that understanding and
motivation had improved.

Hands on involvement
with data
(Rossman, 1994)

More enjoyable and
productive learning
environment

Commentary: The article describes the types of
activities that can be used.

Use real world data.
(Singer & Willett,
1990)

Motivation, interest and
understanding.

Commentary: The focus is on selecting or finding
data sets. The approach reveals not only how data
are analysed, but why they are analysed (p. 223.)
These data need to be
• authentic, raw data, actual measurements
• with background information re purpose &
design
• interesting, controversial, topical, historical,
• allow multiple analyses
• result in substantial knowledge about the world.

Student-generated data
(Stedman, 1993)

To engender and maintain
interest and hence
improve understanding

Commentary: Anecdotal evidence suggests
improved understanding.

'Decision making
context with client
driven problems;
computer-based and
with a conceptual
umbrella over
assignments'
(Swanson &
McKibben,  p. 159)

To increase learning and
retention

Evidence:
• The course receives high evaluations
• 'informal evidence suggests students retain a
"structural" picture of statistics that allows them
to quickly regain a good understanding of
individual aspects of statistics' p. 164.
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Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Strategy: Software
Technology and
multimedia
Excel
(Carter & Mougeot,
1998)

Deeper understanding Commentary: Students got a better 'feel' for the
data and statistical analyses overcoming
problems that may be encountered by the
'unprepared use of traditional "black box" type
statistical packages.' (p. 847).

Internet versus internet
plus laboratory
Differences were
attributed to access to
the instructor and to the
greater access to
cooperation with fellow
students in the on
campus group.
(Chizmar & Walbert,
1999)

Amount learned Evidence: This was gained from formative
feedback and one minute papers, eg.
• Work is described in the context of Chickering
& Gamson's (1987) seven principles for good
practice: engaging students in student-student
and student-faculty contact, active learning
techniques, providing prompt feedback,
developing reciprocity and cooperation among
students, emphasing time on task and respecting
diverse talents and ways of learning.
• Outcomes measured by the number of pre- and
post-tested questions answered correctly. The
internet group did not improve as much as the on
campus laboratory group.
• The on-campus group also had higher final
grades than the internet group.

DSTATS - descriptive
statistical system
(Cicchitelli, 1998)

Understanding of
statistical concepts.

Evidence: A group using textbook was compared
with those using DSTATS on topics from
descriptive statistics and found those students
using DSTATS did better on a 85 item test than
70% of students using the textbook approach.

Computer packages
(Dallal, 1990)

Motivation Commentary: The authors describe how the
computer was used to establish the how of
statistics complementing learning why and when.
'Teaching portions of statistical computer
packages can give students an appreciation of the
knowledge and care that must go into using
techniques' (p. 265).

Computer Based
Learning Materials
(Davies, Lees, Smith,
& O'Neill, )

Learning
Pace of learning
Attitude

Evidence: Student related outcomes were as
follows:
'(7) Students using CBL materials exhibited
neither more nor less learning gain compared to
students studying by conventional means; (8)
found the materials easy to use and were positive
about the use of the computers for learning; (9)
With a higher ability were able to work through
the materials at a faster pace' (p. 222).
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Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Computer micro-
world.(delMas,
Garfield, & Chance,
1998)

Understanding Evidence: The results of a comparative study
found that:
• 'an activity which asked students to test their
predictions and confront their misconceptions
was found to be more effective than one based on
guided discovery...while computer software can
provide the means for a rich classroom
experience, computer simulations alone do not
guarantee conceptual change'. p 1083.

Visual representation
through StatPlay
(Finch & Cumming,
1998)

Conceptual change,
Overcoming
misconceptions

Evidence: These authors suggest 'Well designed
visual representations can help in understanding
sampling variability. Visual representations can
also be confusing.' (p. 901).

Visualisation and
simulation of concepts
(Finzer & Erickson,
1998)

Construct their own
understanding of concepts

Commentary: The author discusses the tools of
dynamic dragging, visualisation, simulation, and
networked collaboration as a means of creating
statistical ideas.

Simulations
(Kennedy, Olinsky, &
Schumacher, )

Clarify theoretical
methods

Commentary: Simulations can be used to clarify
theoretical methodology.

Computer-aided
instruction
(Lee, 1998b)

More knowledge Evidence:
• Completed a needs analysis to identify the gap
between students current and desired level of
learning
• Defined teaching functions to be remediated
• reviewed objectives and preliminary knowledge
• A pre-test - post-test showed improvement in
knowledge (as to be hoped for any teaching).

Computer graphics and
simulation
supplementing data
analysis. (Active
learning)
(Marasinghe, Meeker,
Cook, & Shin, 1996)

Understanding through
experience

Commentary : This author describes the modules
used.

Electronic learning
environment.
(Schuyten & Dekeyser,
1998)

Learning outcomes Evidence: Comparing an electronic based
independent learning system, paper based system
and traditional lectures the following were found:
• no statistical differences were found in study
outcomes;
• lectures were preferred for reasons of social
contact; but
• the electronic version was found to have better
structure.
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Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Introduced computer
labs using Minitab
(Stephenson, 1990)

Understanding
Positive attitude

Evidence: The design involved a control
(computer use) versus experimental group (no
computer use)
• Computer use was not found to increase
statistical understanding as measured by
increased exam performance when compared to a
control group.
• Perceptions as to the usefulness of the computer
declined in the control group.

Flexible learning
materials (electronic
workbook)
(Valacke, 1998)

• Enhanced understanding
• Study postponement
• Relevance
• Exploration

Evidence: This is drawn from a number of
studies.
Study 1
• less postponement of study
• success in course higher
Study 2
No difference in study outcomes comparing face
to face, electronic environment, a printed
learning package and various options with an
electronic workbook integrated with another
medium

Interactive, multi-
media modules
(Yarbrough & Gilbert,
1999)

Bridging the gap between
classroom and real world.

Evidence:
• final grades were not influenced, but there were
• improved attitudes

Strategy: Textbook
Textbooks
(Castro & Cobo, 1998)

Misconceptions Commentary: The authors examined the
treatment of correlation and regression in
textbooks. It suggests misconceptions about
correlation and regression, may be introduced by
textbooks. It further suggests that writing a text
book would require a deep epistemological
analysis of the concepts." p. 675.

Textbooks.
(Schacht, 1990)

Anxiety Commentary: The author discusses the criteria
for selecting a good text demonstrating the use of
the Statistics Textbook rating Scale. Texts to
reduce anxiety:
1. review basic algebraic operations
2. have a section on summation notation
3. include exercise answers
4. explain exercise answers
5. does not use definitional formulae
6. uses relevant examples
7. explicitly addresse student statistics and
mathematics anxiety
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Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Textbooks
(Sowey, 1998)

Aim to satisfy students
learning needs

Commentary: The author discusses the choice of
text and reasons for selection
• short-term goals or long-term goals
• gaining a higher grade; achieving a coherent
understanding; being able to apply that
understanding to real-world problems
• retaining learning

Strategy: Themes
Themes.
(Cerrito, 1999)

Engage in statistical
learning

Commentary: The author examines the types of
issues that can be selected. Themes that have
been taken for granted, incontrovertible in
students minds are selected eg immunization.
Students find, process and use technical
information based on the tools of statistics to
examine common beliefs.

Theme - risk
(Dargahi-Noubary &
Growney, 1998)

Motivation Evidence:  A comparison with a control yielded
the observations
•increased enrolments in follow on courses
•attitudes and motivation improved
•a greater proportion made conjectures and asked
critical questions
•more willing to participate and discuss
•performed better on problem solving tasks
•recognised connections between statistics and
other interests

Theme - disciplinary
(Shen, 1998)

• Broaden students
thinking
• Motivation

Commentary: The author suggests the use of
interdisciplinary teams to provide different
approaches to investigate a problem.

Theme - investment
risk
(Modern Portfolio
Theory)
(Shoesmith, 1998)

Motivation Commentary: The author discusses ways of
teaching through the risk theme.

Teaching statistical
thinking using the Plan-
Do-Check-Act learning
cycle.(Wood &
Wasimi, 1998)

Interest Evidence: "Minute papers, end of semester
written student assessments and anecdotal
evidence have been used to monitor student
reaction to the class. Our impression is that the
method certainly captures the imagination and
interest of more students" p. 171.

Strategies:
Miscellaneous
Identify learning styles
(Bell, 1998)

Accomodate visual,
auditory and tactile
learning styles

Evidence: This is based on these groups
performing differentially in a statistics subject.
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Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Learning arenas-
problem based
situations using the
pose, collect, analyze,
interpret and
communicate cycle
(PCAIC). (Ben-Zvi &
Arcavi, 1998)

Meaningful learning Commentary: The authors details the use of
problem based learning areas to encourage
meaningful learning in students.

Preparing posters in a
cooperative group
setup. (Denson, 1992)

Motivation Commentary: Participation in contests was found
to motivate students.

Co-operative learning
activities to teach
sampling. (Dietz, 1993)

Understanding and easier
learning.

Evidence: This is provided by
• student comments on course evaluations.

Self study workbook
for teaching statistics to
physiotherapy students.
(Garven & Reed, 1993)

Knowledge scores Commentary: Scores observed over four years
provided a similar distribution to traditional
teaching. They conclude that they could not
determine if it lead to an acceptable level of
understanding.

Co-operative learning
(Gunawardena, 1998)

• learn without anxiety
• improved performance

Evidence: No data but claims
• that students are able to learn without anxiety
• attendance improved
• more willing to participate in class discussion
• overall performance improved compared to the
previous semester.

PACE approach -
projects, activities,
class lectures and
exercises. (Lee, 1998a)

Emphasises:
• active engagement in the
learning process
• relating statistics as a
scientific tool for solving
problems
• teamwork
• active involvement in
report writing and oral
presentation

Evidence:: An opinion  survey collected students
perceptions of
• perceived understanding of topics
• the effectiveness of methods for analyzing data
and report writing
• degree of statisfaction with the activities used
• adequacy of each activity
The summary suggests students like the
approach.

Teaching concepts in
worked examples.
Supplementary notes.
Working in pairs.
(Mahmud & Robertson,
1998)

Understanding Evidence: This was obtained from observation,
questionnaires, interviews and controlled
comparative experiments. They found
• 'Concepts [are] best presented within a concrete
example but that the provision of notes is useful
only when students work in pairs' (p. 736).
Learning difficulties are associated with lack of
prior statistics and too much material covered in
the allocated time.
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Innovation and
Author

Outcome Evidence (even though often poor) or

Commentary (no formal evaluation)

Video
(Moore, 1993)

Motivation Commentary: The authors discuss how video can
be used actively to promote discussion, ask about
analysis and to introduce work. Moore's other
writings are extensive and discusses other
techniques eg using real world data sets.

Case study, stemming
from a real marketing
problem.
(Russell, 1998)

• Reaction
• Mean mark

Evidence: This suggested that when compared to
traditional teaching the case study results in
• more positive reactions and
• better performance

Projec ts  (ac t iv i ty
based). (Ulmer, 1998)

Success rates Evidence:
• 'Median success rates for traditionally-taught
sections is 57% as compared to 75% for the
project/modeling section' p. 1265

(Searle, 1989) Understanding Commentary: The author focuses on the why and
when not the how of statistics

4.3.3 Changes in Assessment

Assessment is the process by which we gather evidence to help answer the question "How
is it going" (Schloemer, 1997, p. 46).

It has been recognised that routine assessment might not assess many of the qualities

considered desirable learning outcomes, for example the ability to generalise from the

problems of the classroom to those of the real world (Garfield, 1995). Further it has

been recognised by many educators that the form of assessment used can influence the

approach taken by students to learning (Gordon, 1994), and indicate to students which

learning outcomes are valued (Curcio & Artzt, 1996). Further, there are likely to be

gender and ethnic differences in attitudes toward assessment (Forbes, 1998). It is also

considered desirable for assessment itself to have educational value (Royer, Cisero, &

Carlo, 1993) as part of the learning process rather than simply a means of evaluation

(Huberty, 1998). Further, to effectively assess the impact of assessment or to make

effective use of assessment practices one needs to align objectives, teaching and

assessment. (Biggs, 1999; Crowley, 1997; Gal & Garfield, 1998; Garfield, 1995).

Garfield and Gal (1999) also provide a framework specifying issues to be examined

when selecting assessment techniques. The assessor needs to identify:



192

• What to assess: concepts e.g. skills, applications, attitudes, and beliefs.

• The purpose of assessment: e.g. why the information is being gathered and how the
information will be used.

• Who will do the assessment: e.g., the student, peers, or the teacher.

• The method to be used: e.g.quiz, report, group project, individual project, essay, or
another method.

• The action to be taken and the feedback given to students: e.g. suggestions for revision
and improvement, a summative grade, topics to review, etc. (Garfield and Gal, 1999, p. 7).

Three broad principles to guide assessment are provided:

The Content principle:   Assessment should reflect the statistics that is most important for
students to learn.

The Learning Principle: Assessment should enhance statistics learning and support good
instructional practices.

The Equity Principle:  Assessment should support every student's opportunity to learn
important statistics.(Gal & Garfield, 1998, p. 773).

In further discussing these three principles Gal and Garfield (1998) propose eight

instructional goals which need to be considered when determining assessment practices:

1) Understand the purpose and logic of statistical investigations. This goal is
directed toward understanding the:

...big ideas that underlie data-based enquiries, and develop a sense for why, in what
circumstances, and under what assumptions statistical investigations are initiated and
conducted' (Gal and Garfield ,1998, p.774).

2) Understand the process and phases of statistical investigation. This includes an
understanding of what is termed in Chapter 5, the research process. That is,
understanding how to formulate a research question, planning the study and
collecting the data, describing, exploring and analysing the data, interpreting the
findings in the context of the research question and discussing the interpretations
and implications.

3) Master the procedural skills.

4) Understand the mathematical relationships. This requires evaluating:

...if students recognize 'when and under what circumstances certain statistical procedures
have to be used, why they have to be used, what is their advantage over other procedures,
and what interpretations can be attached to their results.(Gal and Garfield, 1998, pp. 775-
776).
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5) Understand probability and chance. Issues of concern include whether the formal
understanding of rules of probability equate to understanding in other contexts.

6) Develop interpretive skills and statistical literacy. This may involve the
combination of text with summary statistics or displays. It should also encompass
whether or not students can apply their interpretive skills to other contexts such as
interpreting the media.

7) Develop the ability to communicate statistically.

Students should be able to effectively communicate, orally or in writing, about a range of
experiences, technical issues, and results that come up during the investigative processes.
(Gal and Garfield, 1998, p. 777).

8) Develop useful statistical dispositions. To be subsumed under the assessment of
learning statistics this goal involves determining whether or not students hold
positive beliefs and attitudes regarding their capabilities in statistical and
probabilistic reasoning and interest in thinking statistically. Also examined is
whether or not students adopt a critical stance or questioning attitude, and can
appreciate the power of statistics.

They further elaborate seven assessment activities as suitable for achieving current

goals in statistical education. These are:

1) individual or group projects;

2) portfolios of student work;

3) concept maps;

4) critiques of statistical ideas or issues in the news;

5) objective format questions to assess higher level thinking;

6) minute papers; and

7) performance assessment of statistical problem solving (Garfield and Gal, 1999).

The literature provides varied commentaries and some evidence regarding the use of

these assessment techniques. For example, it has been found that collaborative group

assignments using real data are enjoyed by students and are useful in creating

understanding and interest in specific topics (Brunner,1997). Mapping techniques have
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been used in instructional planning, as a learning tool and for assessment purposes and

teaching (Schau & Mattern, 1997). Students' concept maps have been used to reveal

student understanding and/or misconceptions about statistics ideas allowing for this

knowledge to be fed back into teaching (Roberts, 1996; Williams, 1998).

In this study the teacher researcher has used a variety of assessment practices. Much of

the data forthcoming in Chapter 5 has been provided by a reflective homework wherein

students were asked to reflect upon what they had done in class and the ideas generated

and to write about it using an example of their own creation. The assessment techniques

were directed toward students understanding and communication of the 'big ideas'

namely variability as it impacts on the research process. As the teaching and curriculum

developed increasing attention was applied to developing positive attitudes toward the

use of statistics.

4.4 Educational Evaluation

In this section, a current and comprehensive framework is presented to provide the

reader with a perspective on the evaluation of educational innovation. Unlike the

positioning of the teacher-researcher, the framework was sought after the completion of

the implementation phase and examined in the context of this work, retrospectively. The

framework provided by Bain (1999) drew on a model for evaluating multimedia

(Alexander & Hedberg, 1994). It provided a framework for the evaluation of 'all types

of educational innovation.'

The Alexander & Hedberg (1994) framework includes evaluation during the design,

development, implementation and institutionalisation phases of the project. The

framework as presented in this section is to provide an indication of how and where in

this study the criteria were addressed. The framework provided by Bain, postdates the

collection of data. In accord with much of the grounded research methodology, the

issues of the classroom, rather than models, theories or frameworks evident in the

literature determined which data were collected.
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4.4.1 Evaluation: Design Phase

Evaluation at the design phase has three components, curriculum analysis, teaching-for-

learning analysis and the specification of the innovation. In Table 4.2 the focus of the

evaluation and the purpose of the evaluation, both drawn from Bain (1999) are tabled,

together with the sources of evidence and methods used when implementing the

innovative statistics curriculum in Chapter 5. In this and other phases, the evidence

provided does not necessarily encompass all that the frame-makers suggest. For

example, other peers and experts did evaluate the effectiveness of the academic

program. However the entire study was developed with a supervisor from an Education

Faculty (Hedberg, from the Alexander and Hedberg, 1994 duo) and the professor-expert

statistician. Furthermore the subject was developed, within a learning development

centre and taught in an environment with daily discussions as to the progress of the

subjects and students, and the strategies used to solve particular problems.

Table 4.2 Evaluation phase - design

Focus Purpose

(Bain, 1999, p. 168)

Evidence and Methods

Curriculum
Analysis

'To describe the
inadequacies in the
current curriculum, with
particular attention to the
shortfall in student
learning'.

• The work in Chapter 3 involved the sustained analysis
of experts' thinking, including a mapping of a
text/curriculum.
• This analysis was undertaken in response to perceived
deficiencies in statistical education as perceived by the
lecturer, students and other teachers and as detailed in
Chapter 1.

Teaching-for-
learning analysis

To describe and justify
the teaching/learning/
assessment process likely
to bring about the desired
learning outcome.

• The work in Chapter 4 focused on the development of
conceptual understanding, an activity based/
experiential approach to learning or 'making learning
possible' model was dominant. This replaced the
traditional lecture approach based on a 'dissemination
model' of teaching and learning.
• A case study on assessment is provided in Chapter 5.

Specification of
innovation

To describe and justify
the proposed
implementation, and
indicate how it will
facilitate the desired
learning process and
outcome.

• In Chapter 5 the actual implementation of teaching is
detailed. The plan was to involve incorporate an
activity based approach, eliciting student ideas, refining
and developing the linkage of concepts and developing
students' statistical language.
• The aim was to have students 'see' or 'experience'
statistical ideas and logic in action. Many other aspects
of the teaching and learning environment are
documented.
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4.4.2 Evaluation Phase: Development

The development phase, differs from that in educational multimedia where students

may be used to trial the multimedia products before formal use. In this study, evaluation

during the development phase is essentially formative assessment, commencing at the

onset of the implementation and concluding, temporarily, at the completion of the

subject. Formative evaluation of each class was used to develop the subsequent

curriculum and pedagogical techniques used in later classes. The summative assessment

collected at the end of a subject became part of the formative process directing the

curriculum and content of the latter implementations. Table 4.3 presents some of the

evidence that was used at each stage of the evaluation in the development phase.

Table 4.3 Evaluation phase - development

Focus Purpose

(Bain, 1999, pp. 168-
169)

Evidence and Methods

Formative
monitoring of
learning
environment

To determine whether the
innovation is functional
in its context and
accessible/attractive to
students.

• Data were gathered and responded to throughout each
implementation not just at the end of the subject.
• Critical incidents that shaped the teaching process
were documented.
• Students were videotaped during a sample of lessons.
• All work has been subject to informal commentary by
colleagues within the program. One of the critical
incidents later documented was in relation to a
discussion with the Head of the program.
• Both the lecturer and independent evaluators have
collected student reactions to the program.

Formative
monitoring of
the learning
process

To determine whether the
innovation is influencing
the learning process as
intended.

• Within session assessment was frequent and
formative in kind. Much of the evaluation in Chapter 5
is formative, examining the 'marking' of student
assignments and the development of self-assessment.
• Video clips reveal: students thinking aloud, student
and teacher questioning and student reactions
• A case study of the impact of assessment feedback on
students has been examined.
• A case study on the impact of assessment on the
development of writing and attitudes toward learning
has been included.
• All work has been subject to commentary by
colleagues within the teaching program. The subject
has sustained its place in the program.
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4.4.3 Evaluation Phase: Implementation

According to Bain (1999) the evidence sought in the implementation phase has two

components:

•  Summative evaluation of the learning outcomes. This involves 'evidence focused on
the nature of the learning outcome, using outcome-relevant assessment tasks,
supported by conventional assessments and student interviews where appropriate'
(p. 169).

•  Summative evaluation of the innovation's validity. Using evidence gathered in the
development component and in the evaluation of learning outcomes, together with
evidence on integration of the innovation into the curriculum, peer and expert
review is used to judge the 'educational worth and viability of the innovation in the
units/subject concerned (p. 169).'

The evidence relating to these two aspects of evaluation for this study is listed in Table

4.4.

Table 4.4 Evaluation Phase - Implementation

Focus Purpose

(Bain, 1999, p. 169)

Evidence and Methods

Summative
evaluation of
learning
outcome

To determine whether the
innovation is influencing
the learning process as
intended.

• A comparison of the assessment outcomes of three
implementations of the subject was undertaken, using
conventional assessment and concept mapping.

Summative
evaluation of
innovative
validity

To determine whether the
innovation is
educationally appropriate
in its immediate context.

• A case study examines, the origins of critical
incidents- this subject, the overall program and
everyday life - to determine their impact on the
students' learning experiences.
• Some evidence is provided on this subject effecting
learning in other units (refer a case study on writing to
learn).

4.4.4 Evaluation Phase: Institutionalisation

The evidence sought in this final evaluation phase involves two aspects:

•  Impact evaluation. Evidence of the beneficial effects on:

...understanding and learning in related/subsequent areas of curriculum; indirect indicators
(e.g. progress and retention rates); development of generic capabilities; transfer to the
workplace (Bain, 1999, p. 169).



198

•  Maintenance evaluation. This evidence involves:

...peer and expert review of the educational benefits of the innovations considered in
relation to its maintenance and opportunity costs, and in relation to the educational and
funding policies of the institution. (Bain, 1999, p.169).

The evidence that is available on these evaluation components is presented in Table 4.5.

Table 4.5 Evaluation Phase - Institutionalisation

Focus Purpose Evidence and Methods

Impact
evaluation

To determine the
robustness of the learning
and its transfer beyond
the immediate context of
the innovation.

• The program was adapted and taught to different
groups of students. A case study based on statistical
literacy for law students looked at the extension of
statistical ideas to new contexts.(Porter, 1998)
• Evidence in the form of a case study, as to the
improvement of generic skills, statistical thinking, and
writing is included and published elsewhere.(Porter,
1998b)

Maintenance
evaluation

To determine the
sustainability of the
innovation in the context
of the whole course.

• The innovation was sustained for the remaining
lifetime of the equity program in which it was
embedded (5 years, 10 implementations). However the
Gateway program did not survive University policy,
restructuring and cost cutting initiatives resulted in the
equity program within which the subject was taught
being relocated to an external provider.

Many components of this framework draw upon evidence that has been provided

through qualitative means. For example, various qualitative case studies were used to

examine students' learning experiences and thus to provide a summative evaluation of

the learning outcome. Similarly case studies were used to provide an evaluation of the

impact of the program. Each of these forms of evidence is also subject to evaluation

criteria as are deemed appropriate for qualitative studies. As qualitative methodology

encompasses a wide variety of techniques and philosophical assumptions it is

appropriate to examine the nature of the qualitative method used in the before

examining the criteria for evaluating qualitative research.

4.5 Developing Grounded Theory through Qualitative Research

From the outset, the thesis has been conceived as a qualitative study rather than as a

quantitative study. In the grounded theory approach data are allowed to speak for
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themselves. This may involve thick description of emerging data. Theory may emerge

from through the process of categorising data, splitting and splicing categories and

linking of data through methods firstly discussed by Glaser & Strauss (1967) but further

elaborated by many researchers (for example, Creswell, 1998, Dey, 1993). It is through

the working and reworking of data that the theory emerges in a manner that it is well-

grounded in data.

In adopting a grounded theory approach, the participant-researcher's first step has been

to position herself in relation to the theories and philosophies personally held. This has

continued with the transition from unpacking statistical expertise to the second phase of

developing, implementing and evaluating the statistical curriculum. In so doing, the

researcher recognised that it is the researcher's orientation that causes him/her to adopt

the project for study in the first instance. Further that the researcher's theoretical or

philosophical viewpoints may direct the development and outcomes of studies, whether

the researcher be engaged in qualitative or quantitative research.

The descriptive terms of the methodology that appear to best describe the process of

unpacking statistical expertise was that of a participant-observer (statistician,

psychologist and educator). Similarly the participant-researcher method (Anderson,

1994) provides an appropriate description of the approach to gathering data on the

implementation of the curriculum, although here it may be regarded more specifically as

that of a teacher-as-researcher paradigm. For it has been recognised that:

...teachers can also become their own recorders, composing and sharing their participant-
articulated stories of practice. By then restorying their evolving perspectives, teachers may
achieve more subtle and coherent understandings of classrooms and teacher self. (Diamond,
1997, p. 144).

Within the descriptions of developing grounded theory and teacher-as-researcher

methodology fit many differing, but often similar, methods of collecting, analysing and

reporting data. For example when discussing the use of reflective methods, Schon said:

…[the] positions have several points in common.  All of them purport to describe what is
there, laying claim to a certain kind of objectivity.  All of them adopt some form of
ethnographic method, the careful qualitative description and analysis of case studies drawn
from actual observation of an individual's or group's practice.  And all of them represent
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their findings about practice in a distinctive way: They tell stories... [these] I shall call
"mainfest stories of practice," "metastories of research on practice," "causal stories," and
"underlying stories." (Schon, 1991, p. 344).

Many elements of different qualitative methodologies and data collection processes

have been combined to develop what may be considered a grounded theory of statistical

education. In the final phase of research, the early description that 'the researcher is the

binding between the two components of the research' (Diary, 1995) was replaced by a

recognition that the teacher-researcher's reflection plays a major role in making sense of

the data. Initially interpreted as 'to think about', the issue of what it means to reflect

arose during the implementation phase and is examined in the final chapter.

4.5.1 Teacher-as-Researcher Methodology

Paralleling the development of the constructivist view of the nature of knowledge has

been the development of alternative research paradigms. Traditional educational

research, conducted by academics and which separates theory from practice has been

rejected by teachers as a means of improving their practice (Cookson, 1987; Doig,

1994; Gurney, 1989; Mitchell, 1985; Zeichner, 1995).

The need for an 'epistemology in educational research that regards inquiry by teachers

as a distinctive and important knowing about teaching' (Cochran-Smith & Lytle, 1993)

has been recognised for many years. One emergent paradigm being that of reflection-in-

action provides a means of teachers conducting and determining the research issues to

be explored. Similiar terms include that of the reflective practitioner, teacher produced

knowledge (Zeichner, 1995), deliberation (Johnston, 1993), and as applied to education

the teacher-as-researcher (Stenhouse, 1975).

The need for such reflective practice arises from what Schon called 'knowing-in-action',

the sense that we possess knowledge of which we are unaware as 'our knowledge is

enmeshed in our doing' (Smyth, 1986). It was this form of knowledge that the expert

teacher was challenged to unravel in order to teach novices better (Bain, 1990). It is the

teacher who is 'uniquely positioned to provide a truly insider or emic perspective on
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teaching that is not possible for others to gain' (Cochran-Smith & Lytle, 1993) and

hence the suitability of the teacher-as-researcher for this thesis.

The teacher-as-researcher paradigm of research, recognises the value of teacher

experience in the research process. Through a process of reflective practice, 'the

practitioner as reseacher, moves from being in the midst of experience to exploring that

experience, thus developing a kind of wisdom' (Adler, 1993). This is what teachers do

on a daily basis to improve their teaching in the classroom. Teachers therefore are

researchers:

...teaching is research and research is teaching. Teaching is more than simply the
observable behavior; it is thought and action and the interaction of the two.  The best
teachers are researchers, able to systematically reflect on their own teaching.  (Adler, 1993,
p. 160).

This approach does not require, on the pretext of objectivity, the separation of the

reseacher and practitioner, but rather maintains that the researcher should explore and

understands the teaching experience.

Rather than separate the knower and the known, research in teacher education can look to a
knowledge base developed from practice...Pinar (1975) writes that to explore and
understand educational experiences we must exist in them rather than removing ourselves
from them.  The charge to teacher educators, then is to reflect upon our experiences of
practice and our inner worlds of meaning emerging out of that practice, in ways that are
publically meaningful. (Adler, 1993, p. 160)

It can be viewed as an approach that contrasts with those which  'try and construct grand

theories of the way the world works are no longer relevant' Smyth (1992, p11). In

further elaborating:

What we have in their place, are much more locally-based theories that recognise the
idiosyncracies of site specific circumstances, and that acknowledge the integrity and worth
of knowledge won by people at the workface....The emphasis in the reflective approach is
upon practitioners being assisted to theorise their own accounts of practice, and how they
might use that as a springboard for action. (Smyth, 1992, p. 11).

The issue is not 'what is best for practitioners to do', but rather 'what do practitioners

need to know, and what do they already know or understand that might help them gain

those extra insights?' Smyth (1992).
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The methodology employed in this work includes not only that of the teacher-as-

researcher but the aspect of action research that involves the teacher-researcher

returning to participants with an interpretation of events so that they can provide further

clarification and verification. Other formal and traditional modes of evaluation have

also been included and used to support conclusions, about the subject's effectiveness,

drawn by the teacher-researcher.

Evaluation criteria can and have been developed for teacher-as-researcher research, just

as they have for other forms of qualitative research. For example, in choosing research

to be read in a graduate program, the following criteria for evaluating teacher research

were applied:

...the quality of the work itself (e.g. whether it is clearly presented, truly problematizes an
issue, uses evidence to support conclusions), I am also looking for teacher knowledge
which expresses particular points of view. (Zeichner, 1995)

4.6 Criteria for judging qualitative research

This current writing is to address the issue of whether or not the research undertaken

may be judged as good research in the qualitative tradition. Traditionally, the separation

of theory and practice has been viewed as the means of maintaining objectivity and

hence valid research. However, as constructivist theory would argue:

The general world of human experience, and the social and educational world in this
particular case, is not an objective structure but a constructed, organic interaction of people
organised and shaped by their culture, status and gender.  Thoughts, feelings and action
cannot be separated from each other, and traditional value free, non-ideological scientific
objectivity is simply one fairly specialised form of knowledge, itself constrained under
certain heavily constrained circumstance' (Jofili & Watts, 1995, p. 214).

In describing the writing of this thesis as a narrative or story, the researcher has

intentionally alerted the reader to the proposition that both the framing of the study and

the interpretation are based in subjectivity.

Story keeps the storyteller in the picture, suggesting that different narrators might make
very different things out of the "same reality". Story connotes "just a story," thereby posing
a question of objectivity (is there really anything out there independent of any particular
observer's description of it?) (Schon, 1991, p.347).
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Marshall suggested that the judgement of good research is necessarily subjective as

different emphasis may be placed upon the different criteria by different researchers.

From a constructivist perspective:

Constructivist judges are happy with descriptions of the varied and multiple realities that
are socially constructed. Good data are obtained by getting inside the worlds of others. The
only truths are the emic realities of insiders. Certitude is not possible, there is no correct
interpretation, and there is no end to the ever-involving interaction that reveals meaning. In
the constructivist tradition, the debate over the goodness of one's interpretations is resolved
by a dialogic process…The method is explicated in detail so that the reader can judge
whether it was adequate and makes sense... The methods for attaining entry and managing
role, data collection, recording, analysis, ethics, and exit are discussed.  There is an
auditability trail - Data collection and analysis procedures are public, not magical…There is
abundant evidence from raw data to demonstrate the the connection between the presented
findings and the real world, and the data are presented in readable, accessible form.
(Marshall, 1990, pp. 192-3).

However, other researchers are not so inclined to accept the story-telling approach.

Tooley and Darby (1998) write about the problems of qualitative method. They suggest

that the key problem for qualitative research lay in its subjectivity, sampling bias and

partisan nature. There is scathing commentary regarding the partisan nature of much

qualitative work:

The new research on teaching is highly political, in my view, and embedded with messages
about power, justice, and inequality. Much of the information cannot be replicated because
it is based on storytelling. Some of the data are suspect due to the limited number of
subjects included and to the fact that there are too few checks for controlling a storyteller's
social lens and politics. (Ornstein, 1995 p.125).

However, this leaves us with the challenge 'How do they [researchers] know what they

claim to know?' and further 'What constitutes appropriate rigor?'(Schon, 1991, p. 343).

From the earliest days in this study there was a struggle with these issues and an

examination of the literature to ascertain what others considered as solutions.

There are numerous articles developing criteria for evaluating qualitative (Dey, 1993;

Marshall, 1990; Schon, 1991). The practice of corroboration (Dey, 1993) or

triangulation (Marshall, 1990; Tooley & Darby, 1998) are suggested as ways to

establish the trustworthiness of the data. Triangulation may be described as follows:

Triangulation is a way of cross validating research. It uses methods of comparison, to help
assess the validity and reliability of the data collected. It can use several data sources or
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several data collection procedures, or a combination of these. If the data collected in this
way disagree, then there is a dilemma about which the researcher is to believe - but this
should then be a matter for making explicit that there is this disagreement in the data.
(Tooley & Darby, 1998, p. 14).

In this study findings regarding students' understanding and their learning experiences

have been triangulated using a variety of data collection methods. These included:

•  traditional assessment of the statistics discipline;

•  formal student evaluations;

•  teacher reflection leading to course changes;

•  learning exercises and/or questionnaire at the beginning of the session;

•  questioning students about perceived learning difficulties mid session;

•  questioning students regarding their interpretations of assessment feedback; and

•  end of session learning exercises.

The study has also drawn on practices from action research methodology returning to

the students, with teacher's and former students' interpretation of events, together with a

request for confirmation or disconfirmation as they identify the challenges and

experiences that they encountered throughout the course. Observation has been over a

protracted period of time; the researcher's position has been presented in relation to

assumptions and theories about how we learn. Recourse to the literature occurred

throughout the study in order to find similar instances, and to identify how others had

interpreted these instances. The recount of the study is as a story, with time and the

process of unfolding an important component. It is supported by the sequence of diary

entries, writings and conference papers presented. This provision of an audit trail allows

the reader to address the plausibility of the story told about the research.

In the next chapter, the journey continues through the various implementations of the

curriculum for cohorts of mature aged students preparing for university entry.


