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ABSTRACT

This research presents a case study at a SoutbaAftiniversity, involving students who had
studied mathematics in a pre-undergraduate FoumdRtiogramme (FP) and who were currently
in their first year of study in Information Techogly (IT) at the same institution. The study
investigated a possible relationship between thehieg approach used in the FP mathematics
classroom and the extent of students’ abilitieside important mathematical practices, such as
using procedures flexibly; using representatiordarstanding/explaining concepts; questioning;
justifying claims; disagreeing; strategising; anehgralising, in an undergraduate IT context.
Focus group interviews and task-based interviews wsed to answer three related questions:
“To what extent are students aware of differencestdaching approaches between FP
mathematics and undergraduate study?”; “To whaengéxtdo students believe that their
experiences of the teaching approaches in the FEdiendProgramme mathematics class have
helped them in undergraduate study in other cofifsasd “In what ways are the mathematical
practices taught in the Foundation Programme useddergraduate study in IT?”#&icolage of
learning theories was used as a framework for whaeding the possible relationships between
teaching approach, development of mathematicatipescand learning transfer. The students in
the focus groups described the teaching approasth insthe FP mathematics classes as student-
centred, whereas many of the undergraduate ITriestand tutorials were described as teacher-
centred. The students felt that the approach uséki FP mathematics classroom was beneficial
to further study, in that it taught them how to cm®e responsible for their own learning and
brought about deep understanding of the mathenatcaepts learned in the FP. The task-based
interviews showed that all students used mathealgiractices to solve IT problems to a greater
or lesser extent. The use of these mathematicetipea was best understood as being influenced
by all past cognitive, social and cultural expeces) and was therefore not a case of “transfer” in
the traditional sense of the word. Instead, theafigeathematical practices could be described as
an extreme case of “cognitive accommodation” froognitive constructivist perspective, or a
case of “generality” from a situative perspecti¥eirthermore, an inter-relationship emerged
between student-centred teaching, students’ pragudisposition towards mathematics, and the
extent of “transfer” of mathematical practices be tIT domain. This interesting relationship

warrants further investigation.

Key words: mathematical practices; student-centteaching approach; learning transfer;

cognitive perspective; situative perspective



TABLE OF CONTENTS

ADSTIACT ... e ————————— \Y
(@4 = o (=] PP UURPPPRRRRPR 1
Conceptualisation of the StudY .........coooiiiiceii s 1
1.1 Introduction and Problem Formulation..............c.cooooiiiiiiiiiiiiiiicieee, 1
1.2. RAIONAIE.......co it e e 3
1.3. Central Conceptual ISSUES .........coooviiiiiutimmmmeeeeetiiiaae e e e e e e e e eeeeeeeeeeennnnn 5
1.3.1. Mathematical PracCtiCeS............... o eeeeeerrrrnrnniiiieeseeeeeeeeereeeeeeeeeenn 5
1.3.2. Student-centred teaChing ............ccceeccc e e e e 8
1.3.3.  Knowledge transfer.............u e e 10
1.3.4. Theoretical UnderpinniNgS .............coummeeeaareeeeeeeeeeeeeeeeeeeinnennn.- 11
1.4. Background and Context of the Study ............cccevvveiiiiiiiiiiiiiieeeeee, 12
1.4.1. Mathematics in the Monash South Africa Faitioth Programme........... 12
1.5. LIterature REVIEW .........uuiiiiiiiiiiiiiiiciet e 91
1.5.1. Student-centred teaching in higher education................cc.cevvevvivinnnnns 19
1.5.2. Foundation programmes in South AfriCa ........cceevieeiiieeeiieiiieieeiiiiiines 23
1.5.3. Transfer of mathematical practices to otlmetergraduate contexts........ 26
1.6. Outline of Research REPOIt.........coovviiiiiiieceeeee e a e 28
1.7. CONCIUSION ...ttt eeeee ettt e e e e e e e e e e e e e eeeeeseesbnnnns 29
CRAPLEE 2. e ann— 30
Theoretical Perspectives, Learning Transfer and theRole of
Student-Centred Teaching: A Bricolage ...........cccovvvviiiiiiiieeeeeiiiicieeeeee, 30
2.1 INEFOAUCTION ...ttt 30
2.2. Mathematical Proficiency and PractiCes ..........ccuveeevviiivveniiiiiiieneeeeennn. 31
2.2.1. Mathematical ProfiCIENCY ..............ommmmmeeeeeeereeeeeiiiiirrr e e e e eeeeeens 31
2.2.2.  Mathematical practices — what they entail...............ccccoeiiiiiiiiiiiiiinnns 36
2.2.3.  Why fOCUS ON PraCtiCES?......vvvvririaeeeeeeeeeriiniiiiiiseeeeeeeeeeeaeeeeessssssnnnne 43
2.2.4. Learning mathematical PractiCes.......cccuuuieiiiiiiiiiiiiiiiiiiiii 4.4
2.2.5. Teaching mathematical practiCes..... - eeeeeererrrrrirriiiiiiiiieeeenennnnn 2 4
2.3. Student-Centred TeaChINg.........cceiiiiiiiiieie e 45
2.4, Theoretical FrameWOrK .........ccc.uuuiiiiiiiiiiieees e 48
2.4.1. Using multiple learning theOories ... 48
2.4.2.  CONSHIUCTIVISITI.....uuuuiiiiiiiiiiiiiescmmmm e e e e e e e e e e e e s e s st eeeeeeeesans 49
2.4.3.  PragmatiC realiSM ..........cooiiiiiiimmmmmmmeecettniseas e e e e e e e e e e eeeeeeeeeseeenaennnnees 51
2.4.4. Individual — social relationShips.....ceeeeoiiiieeieeeeeeiiieeeeeaes 52
2.5. The Notion Of “Transfer ... 56
2.5.1. Whatis meant by ‘transfer? .........ccccceceeeiiiiiii e 56
2.5.2.  Transfer from where to Where? ..........ceeioiiiiiiii s 7.5
2.5.3.  Transfer Of WNat?............uuuiiiiiimieeeeiiii e 59
2.5.4. Cognitive transfer research...........cccooiiiiiiii e 61
2.5.5. Situative transfer reSEArCh .........uuveeeiiiiiiiiiiie e 63
2.5.6. The student and transfer: A cognitive paIBp@............cceeeeiieeeeeeeeeeennn. 64
2.5.7. The student and transfer: A situative pamspe.............coovvvvvvvevvvnniinnnnnn. 66
2.5.8. Teaching for transfer ... 67
2.5.9. Links between student-centred teaching mmter.................ccceeveenne 70
2.6. CONCIUSIONS ...ttt e e e e e e e e e eeeeeaeeees 72



(@4 = ] (=] G U 74

RESEAICN DESIgN.....ciiieiiiiie e eremme e ———- 74
G0 I [ o1 o o 18 ox 1 o] o R PP 74
G700 \V =1 0 To To (o] (oo Y2 SPPPPPRPRPPRPRPN 74

3.2.1. The approach USEd..................t e eeeerrrnnnniiianeeaeeeeeeeeseeeeeesnenennes 74
3.2.2.  Rigour concerning case StUAIES ...t 76
3.3. The SAMPIE.. . e e e e e e e e 79
3.4. Task Preparation ... eeeeeeeeennnnd 08
3.5. The Pilot STUAY ....cooeeeeeeeeeee e 81
3.6. Data CoOllECHION. ... 82
3.6.1. FOCUS Qroup INTEIVIEWS...........uues mmmmmmssseesseeeeeeesseesssesnsssnnnnnnnnnnnnns 83
3.6.2. Task-based INtervieWs ...........ccoooieemmieeiiiii e 85
3.6.3. Rigour relating to the focus group and taaged interviews .................. 87
3.7. Data ANAIYSIS ...t e 91
3.7.1. The fOCUS group INEIVIEWS ...........uceemmmrisiieeeeeeeeeeeeeeeeseeennnnnnnnnnnns 91
3.7.2.  The task-based INtEIVIEWS ...t 92
3.8. Limitations with Respect to Research Design.........cceeciiiiiieeeeeeenn. 94
3.9. Ethical ConSIiderations ..........ooooiiiiiiiiiiimmeecee e 96
3.10. CONCIUSIONS ...ttt e e e e e e e e e nned 96

(@4 gF=T o] (=7 S PP 98

Analysis of FOCUS Group Data ...........ccuuvviieiieiiiiiiiic e 98
4.1. INEFOAUCTION ...ttt 98
4.2. Developing ThemesS.........oooiiiiii e 98
4.3. Theme 1: Student Awareness and VIEWS..........cceeerrriiiiiiiiinivinnnnnnne. 99

4.3.1.  Curriculum deCISIONS........ccuuuuiiiiaaaeeee et e e eeeees 99
4.3.2. Interpersonal relationShips..........coeeeeeiieeiiiieeeeeeieeeee e 103
4.3.3. Pedagogical PraCtiCeS ...........uuuuimmmmmmmeeeiiiiiieiiiiiiiiiasa e e e e e e e eeeen 105
4.4, Theme 2: Opening Up Mathematics ..........cccovvcceeviiiee e, 109
4.4.1. Increased ProfiCIeNCY .........uuu et e e e e eeeeeaeeees 110
4.4.2. Productive diSPOSITION .......cevvviiiieeieee et e e e e e eeea 113
4.5. Theme 3: Usefulness of Teaching Approaches ........cccccccvvvviinnn. 116
45.1. Benefits of FP teaching approach in undeligate study ...................... 116
4.5.2. Usefulness in other facets of life ..o 121
4.5.3. Use of mathematical practiCes........coeeeemiiieiiieeeeiiiiiiieeiee s 231
4.6. (@] o Tod U] 0] o PSP 126

Vi



(@4 g = ] (=] g YRR 128
Data Analysis: Task-Based INtErVIEWS...........cweeeeeviiiiiieeeeeeiiiieee e, 128
5.1. INEFOAUCTION ...ttt 128

5.2. Mathematical PractiCes: an OVeIVIEW ..........oooceeeeiiieeiiee e 129
5.3. LI 1 QAN 4 F= 1) 3 130
5.3.1. “Using Procedures Flexibly”.......... e 311
5.3.2.  “Understanding/Explaining CoNCepPtS” .....cccvvvrevervrrririiiiiiiieieeeeeeeeeen, 133
5.3.3. “Strategising and Using Representations’ . c.........ccooeeeeeeviieveeiiiinnnnnns 136
5.3.4. “Questioning, Justifying, Disagreeing anch&alising”..............c.c...... 145
5.3.5.  Productive DISPOSItION .........ccuuuurcmmmmmeiiiiareee e ee e e e eeeeeeeiiiieen s 151
5.4. Mathematical Practices Observed in the Task-Basedterviews..... 153
5.4.1. An Overview of the Practices Used......ccccuuuiiiiiiiiiiiiiiiiiiiieeeeiiiiiis 153
5.4.2. “Using Procedures FIexibly”..........ooeeeerreiiiiiieee e 571
5.4.3. *“Understanding/Explaining CoNCEPtS” .....cccvvriereiirrririiiiiiiiaeeeeeeeeeen 163
5.4.4. “Strategising and Using Representations’ ... ....cccooeeeeeeeevveveeeviinnnnns 166
5.4.5. *“Questioning, Justifying, Disagreeing anch@alising”....................... 176
5.4.6. Productive DISPOSIION ...........euvutcemmmmeniiiiieeeeeeeeeeeeeeeeeeeannnnnnn s 182
5.5. The Mathematical Practices of Representation, Genatisation,
aNd JUSHITICATION. ...ttt e 182
5.6. Did Transfer Take Place? ... 186
5.7. CONCIUSION ..o 192
(@4 = ] (=] g SRR 193
Conclusions and RecommendationsS.............coovveeeviiiiiiieeeeeceiice e, 193
6.1. INEFOAUCTION ...ttt 193
6.2. Transfer of Mathematical PractiCes .............ucceiiiiiiiiiiiiiiiiiiiiiiiiiiiinne 193
6.2.1. What students said / What they experienced..............cccovvvrrrrrrrnnnnnne 194
6.2.2. What the students actually did........cccceuiiiiiiiiiiiiineeeie 195
6.3. Situative and Cognitive Explanations: Transfer or Not? .................. 197
6.4. MakKiNg NEW LINKS .....ooiiiiiiieiiiieeeieeeeiemm e 199
6.4.1. The link between student-centred teachimptamsfer ......................... 201
6.4.2. The link between student-centred teachingd goroductive
(0 157 o0 1] 1 1o 1 1SRRI 202
6.4.3. The link between productive disposition gmadsfer...............cccccceennnn. 203
6.4.4. Summarising the Model.............coemcceiiiiii e 205
6.5. Limitations of the Study ... 205
6.5.1.  The SAMPIE....cccc it et s s e e e e e e e e e e e e e e e e e aeeenneeees 205
6.5.2.  Analytical INdICAIOrS.......ccooiiiiiieiiiiie e 206
6.6. RECOMMENTALIONS. ...ttt 207
6.6. Concluding REMAIKS .......ccoviiiiiiiiiiie e 208
REIEIENCES ...ttt e 210
Y o] 1] 8 [0 [ o =33 SPPPURRR 215

Vii



CHAPTER 1

CONCEPTUALISATION OF THE STUDY

1.1. Introduction and Problem Formulation

Many tertiary institutions require certain levels mathematical proficiency in their new
student cohorts — particularly those who will studpdergraduate subjects such as
engineering, medicine, computer science, and ecmsomo name a few. One of the roles of
undergraduate foundation programmes in universitggess South Africa is that of preparing
students for undergraduate study, and either estatg or further developing important
practices of critical thinking, problem-solving,gamentation and decision-making used in
undergraduate study and later life. This issue bvasght into focus for me at Monash South
Africa, where | taught mathematics in the Foundaftvogramme (FP) for six years. | came
to realise that as a mathematics teacher | hademtaly crucial role in helping my students
to develop these practices. This brought me totoprethe effectiveness of how | developed
mathematical practices among my students. In otdepromote these practices | had
attempted to teach in a way that would encouragestonyents to take responsibility for their
own learning. | planned lessons and activities thhbught would promote the development
of mathematical practices, which include using pohees flexibly; using representation;
understanding/explaining concepts; questioningtifyiisg claims; disagreeing; strategising;
and generalising. One of my goals was to help siisdeéevelop these practices in a way that
would enable them to use their learning in situetioutside of the context in which they had
originally been used. This goal was especially inga — students were required to have
certain mathematical knowledge for use in non-nraties undergraduate study, such as
Information Technology and Business Studies. Theyukl be able to use the practices they

had learned in the Foundation Programme mathenttisses in their undergraduate study.

| was interested to know what my FP students’ @rpees were in terms of the mathematical
practices they learned in my mathematics classtheneor not the students thought these
practices were beneficial to them, and whetherobrtimey were maintaining or furthering the

use of these practices in undergraduate studyh&unbre, | wanted to investigate if the



teaching approach used in my Foundation Programrathamatics classes enabled the
further use of mathematical practices in largelgditional teacher-centred, large class
undergraduate environments. Hence, my researcly stasl guided by the following research

questions:

To what extent are students aware of differenceésanhing approaches between Foundation

Programme mathematics and undergraduate study?

To what extent do students believe that their égpees of the teaching approaches in the
Foundation Programme mathematics class have héteed in undergraduate study in other

courses?

In what ways are the mathematical practices taughhe Foundation Programme used in

undergraduate study in IT?

Cohen, Raudenbush and Ball (2003) suggest thainfileg opportunities” are located where
interactions exist between teachers and studexdshérs and curriculum, and students and
curriculum. Their proposal has potentially sigraint impact on understanding learning.
Boaler (2002) describes an earlier rendition of €olet al's proposal: “... few learning
occasions can be understood without consideratidgheocontribution made by the teacher,
the students, the discipline of mathematics, ane wWays that they interact within
environments” (p. 244). Figure 1.1. below is aiegpbf Cohen et al’'s (2003) model.

All instruction may be modelled by representing pter interactions between these three
entities and the related environments. Just assinadde “cue-based [learning] practices”
(Boaler, 1997, 1998, 2002) are developed througsehnteractions, so too can desirable
mathematical proficiency also be developed in thet&faces (Boaler, 2002). | have found
Cohen et al's model to be of value for understagdire aspects of my study which deal with
student experiences of learning, and of the effédutse experiences have had on further
undergraduate learning. My study scrutinises theethinterfaces spoken of by Cohen,
Raudenbush and Ball (2003) in the tertiary eduoatiovironment. | argue that the instruction
my Foundation Programme students received was rdtegatred, and that students

developed mathematical practices, through whicly tteveloped mathematical proficiency.



These practices and proficiencies were used inr thest year study in information

technology.

Envirg

Environ

Figure 1.1. Instruction as interaction (from Cole¢l., 2003)

It is argued by many prominent mathematics educaisearchers that a focus on teaching
and learning approaches will enable understandinglifterences between effective and
ineffective teaching (Boaler, 2002). While thisxst my immediate focus, the first two of my
research questions address students’ experienceteaghing approaches used in the
Foundation programme at Monash South Africa, aet theliefs about whether or not these
approaches benefited them in undergraduate study.d&sire is that learning within a
particular tertiary environment may be better usttexd by educationists, and that furthering
understanding of tertiary learning may subsequempibgitively influence teaching and

learning in tertiary environments.

1.2. Rationale

This study provides insight into how students’ eigreces of my approach to teaching in FP
mathematics, (e.g. Brodie, Lelliott, & Davis, 20@hung & Walsh, 2000) and an “habitual



inclination to see mathematics as sensible, usefdl worthwhile, coupled with a belief in
diligence and ones’ own efficacy” (Kilpatrick, Sv@fd, & Findell, 2001 p.116) may work
together to facilitate learning transfer. In aduhti the study contributes to understanding the
nature of learning transfer between domains — fipalty between mathematics and tertiary

study in information technology.

My inquiry into tertiary learning can be split intawo main themes. The first investigates
students’ experiences of their learning in the Mitn&outh Africa Foundation Programme in
mathematics and the extent to which they believed the approaches they learned were
useful in further undergraduate study. The secdrmné investigates the ways in which
students actually used mathematical practices ssctusing procedures flexibly’; ‘using
representation’; ‘understanding/explaining conceptquestioning’; ‘justifying claims’;
‘disagreeing’ ‘strategising’; and ‘generalising’ iandergraduate study in information
technology. These practices were developed fromsetli@scribed by Ball (2003), which will
be listed in section 1.3.1 and discussed in mot&lde section 2.2.2.

The first theme links to the second, in that thstffocuses on descriptions given by the
students of their experiences in the Foundatiogfrome and how these experiences related
to their current studies in IT whereas the secawmikdd at what students actually did when
they solved IT problems in terms of the matheméficactices they used. Gaining insight
into personal experiences of students might proeidentative explanation of the ways in
which they might use their learning in the FounalatProgramme in other areas of study — in
this case, IT. The significance of the second thefmeny study; namely, establishing the
ways in which mathematical practices were used Hey dtudents to solve undergraduate
information technology (IT) problems is twofold.rgtly, that the lecturers of these students
may be more informed about the mathematical pregtibeir students bring with them into
first year from the FP and how the students migk¢ them in the IT context. Such
information may allow lecturers to further promaigch practices in the specific IT context
and unify their teaching approaches with that of thoundation Programme teachers.
Secondly, this study can contribute to the debhtaitatransfer of mathematical practices to
the domain of information technology. Currently thensfer debate is very lively (cf. 1.3.3;
2.5). Observing the mathematical practices studesgsl when they solve IT tasks and how
they used them provided interesting understandatgait aspects of transfer. At the start of

the study | assumed that transfer entailed thecdirse of knowledge from one situation to



another. Through analysis of my data, and doindepth reading of transfer literature, | came
to realise that this is not possible. My study theffects a more tentative view of transfer that
developed as | progressed with my research. AtsHme time, however, education in a
Foundation Phase Programme must be about buildiutgists’ competence to participate in
further study. So asking questions about how legrim one context influences learning in

another is a legitimate and important question.

My study involves understanding how a number aérimelated concepts and theories can be
integrated to help understand more about undergtaditudent learning and transfer. They
relate in terms of whether a relationship existswvben student experiences of teaching
approaches and the ways in which the mathematreatipes that demonstrate mathematical
proficiency are used in undergraduate IT study.s€heelationships may be understood
through using particular learning theories as fraor&s. In the remainder of this chapter |

briefly discuss each, and describe briefly how tbhag be interrelated. Understanding their
interrelationship is important for understandingd&nts’ experiences and how they, in turn,

impact undergraduate study in IT.

1.3. Central Conceptual Issues

1.3.1. Mathematical practices

Many educational institutions which require math@osaas an entrance subject for study in
certain disciplines expect and assume incomingestisdto be proficient in mathematics.
Mathematical proficiency is a term used by Kilpakriet al (2001) which incorporates
“aspects of expertise, competence, knowledge, acdity in mathematics” (p.116), and
“[captures] what [the authors] believe is necess@oy anyone to learn mathematics
successfully” (ibid.). Mathematical practices (B&003) are what people who are competent
or proficient users of mathematide when they are working with mathematics. Mathenadtic
proficiency (Kilpatrick et al., 2001) and mathencatipractices (Ball, 2003) are linked, in that
the former is how adept/efficient a person is ahgisnathematics and the latter is what

proficient peopledo when they do mathematics. The way in which mathieadgproficiency



is linked with mathematical practices is summaribetbw, and discussed in more detail in

section 2.2.2.

Mathematical proficiency (Kilpatrick et al., 200i9 characterised by five interdependent,
non-hierarchical ‘strands’, which focus on vari@spects of mathematics. They are described
in more detail in section 2.2.1. The first strasddonceptual understanding”, which describes
the ability to organise facts into a coherent whfde 118), connect facts or methods to
contexts, and make connections between conceptscedural fluency” is the ability to use
procedures appropriately, flexibly, accurately affecciently (p. 121). “Strategic competence”
describes how the ability to formulate, representl @&olve problems allows proficient
mathematics users to develop “strategies for sglviron routine problems” (p. 127).
“Adaptive reasoning” entails justifying conclusiotfsrough logical deduction, using tools
such as “representation, analogical reasoning agtdphors” (p.129); which are described by
Kilpatrick et al (2001) as “aids to learning andrisfer” (p. 129). The proficient mathematics
user has “productive disposition” when he or shessgense in mathematics, perceives it as
useful and worthwhile, and sees him- or herseldrm$effective learner of mathematics” (p.
131).

Proficient mathematics users demonstrate their igeoicy by carrying out certain
mathematical practices. To effectively link mathéoea proficiency and practices, the
RAND Mathematics Study Panel (Ball, 2003) stateiftiilowing,

“A major part of the knowledge teachers need farcténg relates to mathematical
proficiency and how it can be developed in theirdents. [...] A second critical
priority, if teachers are to help all students attanathematical proficiency, is the
identification, analysis, and development of mattéral practices.In fact, our
conception of practices can be seen as another wiafyaming important aspects
of these strands of proficiency(p. 10) (emphasis mine)

The RAND Mathematics Study Panel (Ball, 2003) hdsentified certain mathematical

practices that demonstrate mathematical proficie(iaipatrick et al., 2001) in students.

These practices are relevant to mathematics stsidé@iny age in any location, because they
form the basis of doing mathematics. The Panell(B403) describes “representation,
attentive use of mathematical language and dedmsti articulated and reasoned claims,
rationally negotiated disagreement, generalisirepsdand recognising patterns” (p. 32) as
mathematical practices.



Certain undergraduate and post graduate disciplngside of mathematics require some
mathematical application, such as patterning, gdrplving and interpretation, argument and
justification, analytical thinking and interpretai. Therefore, mathematical practices need to
be “deliberately cultivated and developed” (BaD03 p. 35) at all levels of learning so that
students become mathematically proficient and tblgse these practices when necessary to
solve problems in other contexts. The Panel calls.f. support for concentrated work along
three dimensions” (Ball, 2003 p. 33). This entails:

“...examining these mathematical practices as they wged in different settings:
disciplinary practices, students’ out of school g¢tiees, practices employed by
adults in everyday and work life..(ibid.).

Even though the RAND Mathematics Study Panel’s I(B2D03) mathematical practices
provide a description of how proficient mathemains ‘do’ mathematics, some aspects of
these practices may be more observable than otwlen students are busy using
mathematics to solve problems. In this study ideasn Kilpatrick et al’'s (2001) and the
Panel's (Ball, 2003) work were used to describetvgiadents were doing when they solved
information technology (IT) problems. | found dugimy data analysis that | needed to design
my own list of ‘mathematical practices’ specifigalior this study because | sometimes
needed more description of what the students weiregdvhen they solved IT problems than
that described by the Panel. The list of practmesented in the abstract is my own list of
practices and was designed using the notions dicmocy (Kilpatrick et al., 2001) and
practices (Ball, 2003). | explain the design of hsy of practices in more detail in chapter 3
(cf 3.7.2.). However, | use Ball's notion of mathainal practices often in my initial
discussion to set the scene, and acknowledge thel’®avork wherever | quote the practices
described by Ball (2003). My set of practices weren linked back (cf Table 2.1.; section
5.5.) to the practices described by the Paneldilittte understanding of the extent to which

mathematical practices were used or not in soliingroblems.

Now that | have shown the connection between madkieal proficiency and practices, |
suggest that mathematical practices leading to enadlical proficiency are crucial to the
student who is not necessarily going to continui \mathematics as a subject but will need
these mathematical practices in his/her IT studisaggest that it is of interest to those in the
field of mathematics education to obtain insightointhe development and use of

mathematical practices in non-mathematics subjectsigher education. Part of my study



investigates if students experienced the mathemé&i@ching approaches in the Foundation
Programme as “student-centred”, and if so, thergxdéthe effectiveness of student-centred

teaching in developing and using mathematical p@stn undergraduate study.

1.3.2. Student-centred teaching

Current education theory encourages teachers togmese the student’s central role in
knowledge construction and to support studentedognise their own involvement in making
sense of new knowledge. One may argue that senk@gnean be made possible through a
“student-centred” teaching approach. A current poincontention amongst those studying
“student-, learner-, or child-centredness” is theaning of that phrase. The question may be
asked: “the centre of what?” and this question fased uncertainty, debate and widely

varying definitions. According to Chung and Wal20@0),

“the term has masked complex and contradictory dgyile assumptions about
children and their learning and development thag¢dh¢o be brought to the fore if
the education of young children is to be adequadijressed’{p. 229).

Chung and Walsh (2000) provide a comprehensiveitsi account of the development of
the term “child-centred”, in terms of curriculumCHild-centred” took on three main
meanings during the late 1800’s and early 1900 first was influenced by Froebel, who,
considering the “inner being” (Chung & Walsh, 2000218) of the child as “part of the
continuous whole of the person” (ibid.), placed thédd “in the centre of things because ‘all
things are seen only in relation to himself, to lifis” (Froebel, 1889 in Chung & Walsh,
2000 p. 218). In American schools this was intdgatédy placing the child at the centre of
his/her environment, enabling him/her to “obsenest, experiment, contemplate and use”
(Hailmann, 1886 in Chung & Walsh, 2000 p. 220) gtreng around him/her.

By the end of the 1800’s the child hedcomethe centre of the curriculum, in the sense that
the focus on curriculum development was informedhgychild’s mental, rather than natural

development; through the use of testing and dewvedopal measurement. Psychology (for
example, contributions by Dewey and Thorndike) weesmain influence of the swing away

from the traditional understanding of “child-cemtt¢dChung & Walsh, 2000).



Further inroads since the 1920's have been madarttswunderstanding how people learn,
argued by theorists such as Piaget, Vygotsky, ardgaft; and these viewpoints have in turn
broadened the debate about what constitutes stedatredness. | describe student-
centredness in cognitive and social constructigsns below, and then leave the rest of my

discussion of student-centredness to chapter 2 @J.

One of the ways in which a teaching approach cadeseribed as “student-centred” (Brodie
et al., 2002) is where the teacher structures rddass activities in ways that will provide a
scaffold for students to build useful and valuakl®wledge in relation to their prior
knowledge (ibid.). It is generally understood tlatstudent-centred approach to teaching
should improve students’ conceptual understandBrgdie et al., 2002). Although Boaler
(2002) does not use the actual term, “student-edhtshe provides multiple examples (e.g.
Boaler, 1997, 2002, 2003) of schools in which adhgfdesigned interactions between
teachers, students and curriculum have resultetiendevelopment of usable and relevant
mathematical knowledge in students. Boaler's worte-gated the ground-breaking
discussions of mathematical proficiency and prastiby Kilpatrick, Swafford and Findell
(2001) and the Rand Mathematics Study Panel (B@03) respectively, but serve to suggest
a link between teacher/student/curriculum/environtale interactions and the use of
mathematical practices to develop proficiency.dat®n 2.3. | argue how student-centredness

can be defined in terms of the three cornerstohesacher, student and curriculum.

Student-centred teaching, in one of its many matateons, has been incorporated into the
South African Outcomes-Based Education (OBE) polidgtional Department of Education,
1997, 2002). As national policy it encompasses leels of learning in mathematics
education — from pre-school to post-graduate leSaident-centred teaching in the tertiary
environment is desirable, but not necessarily agiisined. Therefore, part of the significance
of this study is to make a link between studenesrcpptions of student-centred teaching,
positive learning experiences, and the establiskmain mathematical practices In
undergraduate study.

In the next chapter | explain how, theoreticalhg teaching approach used in a classroom can
influence how mathematical practices are subsetyueséd in further study in domains that
are related to — but are not part of — the mathiesaomain. | also explain how, when a
teacher uses a student-centred approach to teadivegmay encourage students to use their



knowledge in varying contexts — even those far nddrom the original learning situation. |
then argue that, according to the literature | hated, the teaching approach | used to teach

mathematics to the foundation programme studensssivalent-centred.

Using knowledge from prior learning in a new leamisituation is often described as
“knowledge transfer”. | provide a brief overview thfe concept here, and then discuss it in
further detail in sections 2.5.8 and 2.5.9.

1.3.3. Knowledge transfer

The concept of knowledge transfer from one situnatmanother has been subject to extensive
debate. Transfer issues became increasingly cedtésttween behaviourists, gestaltists and
cognitivists (Carraher & Schliemann, 2002; Loba606), from the early to mid 1900’s.
Much of the argument revolved around exactly whraivledge was being ‘transferred’. The
debate livened considerably during the 1980’s, wistuated theorists argued vehemently
that since all learning is situated in the contextwhich it was first learned, knowledge
transfer, in its original definition of the termamnot occur (Lave, 1988). However, a broad
range of aspects of daily life assume the succéssaansfer of schooled mathematical
knowledge (Britton, New et al., 2007a; Britton, Ne8harma, & Yardley, 2005; Hatano &
Greeno, 1999). Mathematics is used while perfornoirtinary arithmetic computations when
in the supermarket buying groceries; when usingifipally-taught mathematics, such as
basic financial calculations to perform one’s j@hien learning new mathematical concepts
using prior conceptual understanding; and when yappl difficult and complicated

mathematical concepts in further study, such ageergng studies.

While we know that students use basic mathematmatepts in new situations (Carraher &
Schliemann, 2002; Hatano & Greeno, 1999; SalomoRegkins, 1989) much debate exists
concerning the existence of transfer of complexceptual understanding to new complex
contexts. Lave (1988) questions the validity oftgeensfer experiments in this regard, while
researchers such as Salomon and Perkins (1989jysihex different ‘kinds’ of transfer that

can take place. Cognitivists specify exactly hoansfer experiments should be run, so that

any transfer observed to be taking place has bemmopisly systematically defined — in terms
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of the content expected to have been transferred, ttansfer environment and the

experimental design (Lobato, 2006).

What has become clear is that the phenomenon caigefer’ is understood differently by
situated theorists and cognitive theorists. Two artgnt aspects of this are firstly,
disagreement abouthatis transferred; and secondly, abbotvtransfer should be measured.
Resulting proposals about transfer include thetalhg: (1) the word ‘transfer’ is maintained
but used only when referring to the original dgstoon of the transfer of “identical elements”
(Lobato, 2006) used by the behaviourists in théye00’s (Carraher & Schliemann, 2002);
(2) the word ‘transfer’ is not used at all any maas its original meaning has changed so
much that it needs another description (and hasesbeen defined using numerous new
terms) (Carraher & Schliemann, 2002; Engle, 2006eeGo, 2006; Lobato, 2006); (3)
different ‘kinds’ of transfer need to be recognised defined carefully; giving meaning to
the way prior knowledge can be used in new sitaati®erkins & Salomon, 1989; Salomon
& Perkins, 1989).

Since my study considered the use of mathematigadtipes by IT students when solving

novel IT tasks — a case of ‘transfer’ from one domnta another — the “transfer dilemma”

(Carraher & Schliemann, 2002), as it was brieflynmwarised above, was observed in its
multi-facetedness. This made the task of recoggisinderstanding and interpreting transfer
in my study relatively complicated. In addition,bécame important to ascertain whether or
not the assumption that schooled mathematical keagd is transferable is justifiable. If such
an assumption is not justifiable, then it is poesithat a different strategy will need to be

designed to plan how to prepare people for futimed and working situations.

1.3.4. Theoretical underpinnings

Underpinning the concepts of student-centredneathematical practices and transfer is the
way that they may be observed and interpreted. Stnidy has been theoretically framed by
merging cognitive constructivist and situative pexgives of learning. | explain in the next
chapter how these two perspectives contrast, andl lave combined them to gain a richer

understanding of students’ learning experiencesusmedof mathematical practices in tertiary
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study. Bearing in mind that my choice of a partcutheoretical framework immediately
exposes certain weakness and strengths of my obsdasign, as well as highlighting my
own personal predisposition, | discuss how | hawdensense of students’ opinions and

actions with respect to how they used mathemapicadtices in undergraduate IT studies.

1.4. Background and Context of the Study

Tertiary curricula often differ significantly betee institutions. Even though institutions are
accountable to higher education councils withinirttrespective countries, they remain
relatively autonomous, compared with primary ancbedary schooling. | situate this study,
with respect to mathematics teaching and learniddcaash University South Africa (MSA),

an Australian-owned university. | provide an ovewi of the Foundation Programme
mathematics course which prepared students forrgrathuate study at MSA, and of the

approaches | used to teach the course.

1.4.1. Mathematics in the Monash South Africa Founation Programme

Students who take mathematics in the FoundationgrBmame (FP) continue with

undergraduate study in information technology @Ry business studies. Having consulted
with the IT and business lecturers we designed thenaatics programme to address the
mathematical needs of students entering these emuiBhe resulting work programme

consisted of two modules — Math A and Math B, whach summarised in Appendix A.

The teaching approach | used was generally diffefemm the way other mathematics

teachers in the Programme taught and was influebgekhowledge gained over the years
from research in teaching and learning of matharsatiapproached the Math A programme
by making use of whole class discussion, encougagindents to work with their peers as
much as possible, and using different formativeess®ent techniques. For example, a
volunteer would work through a problem in fronttbé class on the board, and we would

discuss what s/he was doing, adding ideas, arguitigeach other about different ways the
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problem could be tackled and questioning in noedtening ways why s/he chose to do a
problem in a particular way. As the year progressgddents’ voluntary participation in
whole class discussion increased noticeably. Iitiaddormative assessment such as regular
compulsory homework allowed students to work onrtbe/n and to write notes to me in
their homework about concepts they did not undedsthfound that initially students would
be reluctant to experiment with solution ideas;féar that they might be ‘wrong’. Handing in
homework provided them with a non-threatening wayexperiment with ideas in pencil,
knowing that | would provide feedback about th@nceptual understanding and correct their

procedures.

Examples of other formative assessment includedingakind maps to summarise whole
sections of work; writing letters to an imaginariehd who had been absent for a particular
lesson, and who needed a written explanation wdgfigitions and representations in as much
detail as possible to understand what had beenedhiggoup activities; and correction of
deliberately incorrectly-worked problems with exp#ions of where the problems were and
what was wrong. Verbal and written personal and levhmass feedback was given for
formative assessment done. Students often commémtkohdsight that the workload was
“tough” but that they appreciated the ways | maldent work because it helped them to

“know mathematics better”.

When the time came to teach Math B in the secolfdbhéhe year, | had gained more insight
into teaching and learning mathematics, which | tedrto try out in my own teaching. The

approach | used to teach Math B was adapted fretady by Herrenkohl and Guerra (1998),
in which twoprimary science classrooms were the subject ofifsp&tterventions designed

to guide students to constructing specified aspectientific understanding. Based on the
nature of scientific knowledge, individual studemshe study were allocated ‘roles’ that they
were to assume during small group activity. Thedesrrequired them to focus on one of the
following properties of scientific knowledggt) making a prediction and building a theory;
(2) summarising results; and (3) relating the ewgdeor results to the prediction and theory.

The roles were designed to encourage studenthezkeother students’ work” (p. 431).

Herrenkohl and Guerra (1998) reported that “Althoutpeoretical perspectives clearly
support the importance of student engagement,l&tamg these ideas into viable pedagogical
practices has not been as successful” (p.432)tH®reason the “roles” were developed to
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address three aspects of learning science that dhgeyed were shortcomings in current

science education. Summarised, they include,

“...(@) moving classrooms beyond traditional Initi@tiResponse-Evaluation
(IRE; Mehan, 1979) sequences, (b) making the "tfudéscientific discourse and

inquiry explicit to students by establishing ineeliual roles that focus on guiding
students to differentiate and subsequently cootditbeories and evidence, and
(c) implementing the previous principles within @isl environment that offers

students opportunities to practice their cognitbkdls. (p. 434).

A significant aspect of using ‘roles’, in termsth& applicability of this study to my own, was
the deliberate encouragement of the student tolaj@evdeeper scientific thinking” (p. 439),
through considering their own and others’ ideasrtiw of reflection and response” (ibid.).
Assigning ‘roles’ encouraged two aspects of leaynirhich are important. First, discussion,
guestion and argument between peers are likelyalkerstudents realise that there are aspects
of the material that they do not fully understaBdcond, students are exposed to many ideas
which are often different from their own, but pddgi equally plausible (Herrenkohl &
Guerra, 1998).

While each role focused on one of the identifie@rsific practices, the students interchanged
roles so that they could have experience usingfate scientific practices. These practices
were to be promoted by explicitly teaching eachdsti to ask questions pertinent to the
‘role’ s/lhe was currently playing. The teacher wbbk available to help the students to ask
directed questions while they were still learningwhto fill their ‘roles’. Examples of
questions related to each respective practice weeédjction: "What do you think is going to
happen?”; summarising: "What did you find out?” aethting results to theory: "Did your

results support your theory?”.

I now explain how | based my teaching on this studgscribing the similarities and
differences between them. My objective was to helyg students to become more
mathematically proficient. | made a decision tocteany students how to ask questions that
would focus on a particular proficiency strand (&drick et al., 2001) (cf. 2.2.1.), which |

described to them as the following inter-twinederdependent areas of doing mathematics:

1. competently using mathematical procedures and flaenu
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2. understanding mathematical concepts so that theydctiexibly use related

formulae and procedures,

3. being able to make decisions and use effectiveesfies to solve problems,
enabling them to strategically use their conceptuaiderstanding and

mathematical procedures flexibly,

4. being able to reason and argue through problemsg usell-thought-out

justifications to convince others of the validitiytbeir claims, and

5. being able to see mathematics as a challenge,asahé above four principles

could become part of a collection of tools with @elhproblems could be solved.

My goal was to make the five proficiency strandpliekt to the students. | did not focus on

the mathematical practices, as described by the RAMithematics Study Panel because |
was less familiar with them at the time. In conrasinderstood the strands of mathematical
proficiency well, and saw the descriptions of whath strand entailed as detailed and helpful
to me as a teacher — both in my own mathematicgipea and in helping students to be more
proficient in mathematics. | set out to make thargds explicit to my students. | taught them
how to question each other according to aspeatadi strand, because doing this might help

the students to become more proficient in mathemati

Although | originally explicitly taught the studento ask questions based on descriptions of
the proficiency strands, | came to understand bdtieng this study that what people are
practices, and that the practices described byRIAND Mathematics Study Panel are the
evidence of mathematical proficiency. These prastineeded to be linked with how
mathematical proficiency is described and how g¢ioally used them to inform my teaching,
because it would be mathematical practices, thatldvenost likely be transferred to new
contexts. In this study | looked for mathematicedgices used by students who were now
studying IT, but the terms used to describe thetjmes are coloured by my work with the

students in Kilpatrick et al's proficiency.

Each ‘role’ in my lessons comprised a mathematpralficiency strand, which had been

explained to the Math B students. | explained thay needed to use their understanding of
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the particular proficiency strand while they wetaymg that role, by asking strand-directed
guestions. The students were assigned into groftipsuo, and sometimes five, and gave
themselves their ‘roles’ — that is, each studerktoesponsibility for asking questions
pertaining to a particular proficiency strand. VEhil did not assign a role to the strand of
‘productive disposition’, because | was not surevho do this, | hoped that | would observe
an increase in productive disposition during tressfoom sessions. The students were given a
list of example questions focusing on each proficiestrand (see Appendix B) that could be
asked, in order to focus predominantly on a padicstrand of mathematical knowledge. For
example, the conceptual understanding ‘role’ deédhe student to focus on formulating and
asking questions whenever appropriate along tles lof gaining ‘conceptual understanding’
of the topic as the group worked through a workshBee worksheets were designed by me,
and consisted of questions that would lead to tigaming understanding of mathematical
concepts, such as average gradient of a curveiegtaat a point and limits, and how these
related to each other in differential calculus. lEdiene a new conceptual worksheet was
given, the students would assign themselves a r@e; different from any they had

previously taken, so that each student had a charerform each role at least once.

Each group was given one A4 size exercise bookhitiwthey were to write down all the
answers, comments, questions and arguments theywhdd they were answering the
worksheet. After a worksheet had been completedgooep would be assigned to present
their thinking to the class. The class was encadag question the group, using the same
kinds of questions from the strands that they hegtlun their groups. At this point | would
also direct questions to the group and the classwbole concerning important issues they
had not thought of or had not thought through cetghy enough. The classroom discussion
was interesting, and the students were discourfigedmaking disparaging comments about
each others’ ideas. This was not a problem, thoaglstudents were very polite to each other
and respected other groups’ input. Each individuas given a copy of the worksheet for

personal record.

The students initially expressed concerns aboutudsng the work before | had “taught”
them and so possibly learning wrong informatiohad quite a difficult time persuading them
to trust me — that | would be walking around arstielning to them all the time, that they all
have different experience and knowledge and adl ithput would be very valuable for their

learning, and that | would summarise what they thade by giving them notes and teaching
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after a particular concept had been explored bythest. In this way they would understand
concepts, because they were discussing ideas tjidyowith their peers, who all could
contribute with different and valuable ideas. Timsant that the teaching and consolidation of
concepts took place after the initial exploratiand students were able to comment on and
question what | was teaching them because thepdrenderstood what we were talking
about.

The reason why | approached Math B in this way bexsause | had realised that students had
probably been exposed to teaching of concepts amdegures during their school
mathematics years, but had probably been delidgrateouraged very little, if at all, to solve
problems, argue and justify their thinking, and kvavith pattern recognition and rule
formulation while doing mathematics (Ball, 2003]jgéitrick et al., 2001). | predicted that if |
made the components of the strands more explithdastudents, | might encourage them to
take more responsibility for their own learningdahey would come to see mathematics as
an exciting, challenging subject, rather than a Hoying, mysterious set of rules.

Traditionally, | would have provided an explanatemd notes to the class, using whole class
discussion extensively; after which the studentsildd@o and ‘practice’ as many and varied
examples as possible, in order to reinforce whey thad understood, or to find out what they
did not understand; in which case | would explagaia. | found this new approach
refreshing, and it appeared to have positivelycidfeé the students’ learning. | argue that it
was student-centred, with respect to curriculundagegy and inter-personal relationships
(Brodie et al., 2002), which I discuss in more dettesection 2.3.

According to my understanding of the literature 1c8.2. and 2.3.), the above description
indicates that | used a student-centred teachirmqoaph in my teaching. | structured
classroom activities in ways that would providecaffold for students to build useful and
valuable knowledge from pre-existing knowledge @Beoet al., 2002) (cf 1.3.2.) and my
students participated in discussion more frequeotlgr the year and appeared to engage
more with problems given to them. Through some esttgel comments and questions |
observed that their knowledge had become increlgsimgused on problem-solving and
reasoning rather than on whether or not their arsweere ‘right’ or ‘wrong’. | became
increasingly aware of students’ needs, through whay expressed to me verbally and
through how they answered questions.
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According to my understanding of the literatureediin sections 1.3.2 and 2.3. my teaching
approach was student-centred. However, my viewissafficient. Part of this study was to
understand the extent to which students saw myhteg@s student centred. Although |1 felt
that the students had benefited from this apprdacbndered if they felt the same way and if
this approach would benefit the students when theyed into undergraduate study. Would
they carry on using the practices that | had comleelieve are an effective way of teaching
and learning mathematics? This study reports tindesits’ experiences of the approach | used
when | taught Math B in 2006.

In the next section | discuss various reports oatiave been described as student-centred
environments in tertiary institutions in generahdathen | consider some Foundation
Programmes in South African tertiary institutiod$iese reports are a background to my
study. They all take a cognitive perspective ofieay. My study differs significantly from
them in that it works with merging cognitive antustive approaches. Through merging these
two prominent learning theories, | seek to undetastly, the ways in which students may
have developed mathematical practices in a prergrattuate Foundation Programme, and
secondly, how they might come to use such practidesn solving problems in the new
undergraduate context of IT. | remind the readee hkat the following research questions
guided the study:

To what extent are students aware of differencasanhing approaches between Foundation

Programme mathematics and undergraduate study?

To what extent do students believe that their agpees of the teaching approaches in the
Foundation Programme mathematics class have héteed in undergraduate study in other

courses?

In what ways are the mathematical practices taughihe Foundation Programme used in

undergraduate study in IT?

Mathematics teaching and learning in tertiary tnsttns has not been documented as
extensively as that in primary and secondary schbg@rovide an overview of recent
descriptions of different tertiary situations; witbspect to students’ experiences, suggested

teaching approaches and a study of transfer of enadtical knowledge to other learning
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domains, for the reader to gain an idea of sonmtéeturrent trends in teaching and learning

in tertiary institutions.

1.5. Literature Review

1.5.1. Student-centred teaching in higher education

Student-centredness, discussed briefly previolsdg, many associated meanings. Use of a
particular meaning directly or indirectly evidenca$iliation with certain learning theories,
psychological, historical and religious standpqirasd so on. When the term “learner-
centred” or “student-centred” is used in highereadion | have observed that the meaning in
the context used is not always clear. Two highercation studies, by Berry et al (1999 pp.
239-240) and Walczyk and Ramsey (2003 p. 567), sansed below, do provide detailed

explanations of what “student-centredness” entailthe contexts of their studies.

According to Brodie et al (2002), the ‘form’ of sent-centredness deals with the activities
and classroom organisational setups that teaclsersTine ‘substance’ of student-centredness
involves the way that teachers select and sequesks in order to scaffold tasks to promote
learning. A more detailed description of the formdasubstance of student-centredness is
provided in section 2.3. Although ‘form’ and ‘suéste’ with respect to student-centredness
are not referred to in any of the examples disaugsdow, the fact that the authors are aware
of, and are reporting the attempt to, or are théraseattempting to improve the quality of

student learning, indicates that the their prastieee directed at being student-centred.
Becoming student-centred has far-reaching impbeatifor staff and students at a higher

education institution, as well as for the instibutitself.

Research has suggested that it is difficult to @ahistudent-centredness in higher education.
Reasons for this include the large volumes of auntequired to be mastered by tertiary
students and offered by lecturers with limited gedacal techniques (Vega & Tayler, 2005),
large class sizes found in tertiary education @it2005; Pokorny & Pokorny, 2005), the
possibility that lecturers focus strongly on comtemd examinations using traditional
transmission-style teaching (Slabbert & Gouws, 200éga & Tayler, 2005; Walczyk &
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Ramsey, 2003), and the unspoken expectation lestir@ve that students must ‘survive’
tertiary education and become independent thinkeds students without giving them much
guidance as to how this can be achieved (Bitzed52@okorny & Pokorny, 2005). Often
institutional policy influenced by administrativeauntability dictates how teaching and
assessment programmes are designed (Cobb, 2008pit®¢he difficulties, student-centred
teaching is practiced by tertiary teachers. Theoaets | have reported below have used
cognitive and social constructivism (cf. 2.4.2.) @&ameworks for their studies and

conclusions.

Vega and Tayler (2005) reported that academic dtafh a range of faculties at their
institution had recently begun to implement studsmitred approaches based on a
programme where they learned student-centred pegdadoprinciples. Initial ‘tensions’
experienced by staff while working with student4red approaches were found to ultimately
help staff to become more comfortable with theiwrepproach, once they had dealt with
these tensions. Vega and Tayler reported that theest-centred approaches used were
effective and applicable across many different dasjaand included using variations of peer
evaluation, of small group activity, and of disdoss such as questioning, arguing, criticism
and socially-based reconstruction of meaning. Th&éhas concluded that the students
“participate and learn in ways that are far mordugimg in their application to life situations
than would be the case in the transmission of &dtmowledge” (Vega & Tayler, 2005 p.86).

Walczyk and Ramsey (2003) reported that studentystg undergraduate mathematics and
science majors at American universities had expreslissatisfaction with the quality of
instruction they had been receiving, and the numloérstudents taking mathematics and
science majors had halved since twenty years af@e f@gredominant tertiary teaching
approach used still tended to be traditional bezamany lecturers believed that teaching cut
into their research time. Therefore students weareactively engaged with their learning.
Walczyk and Ramsey argued thé¢drner-centered approaches to science and maibemat
instruction assume that only when students areveagiarticipants will learning be deep,
enduring, and enjoyable, and transfer to contexgoibd the classroom” (p. 566%ix
principles promoting teaching for deep learning &madisfer were suggested. In addition, the
authors listed a set of seven recommendationsvibatd promote student-centred teaching
(Chickering & Gamson, 1999 in Walczyk & Ramsey, 200.567). After investigating

whether or not the student-centred planning of tgrdeluate mathematics and science classes

20



was actually occurring, they observed that on #teasions where student-centred instruction
was used, it had been applied across all aspedeaoting. The study did not report on the

effects of student-centred teaching on the students

A major concern was raised by Slabbert and GouWw8g§Pthat South African accounting

students are not learning authentic accountingtipesc during undergraduate study. They
argued that tertiary preparation for accountancy Wweadequate because it was typically
content-driven and prescriptive, and that it praaltechnicians instead of real accountants.
Accountancy students should be collaboratively ttansng meaning through the practices of
critical thinking, problem-solving and decision-nrak In many ways, their description of

authentic accounting practices is similar to thathe mathematical practices advocated by
the RAND Mathematics Study Panel (Ball, 2003) 2cR.2.) — that isgloingreal accountancy.

Slabbert and Gouws did not use the term “studemiired” in their discussion, but promoted a
kind of student-centredness in terms of authentmanting practices, where lecturers can
provide “powerful learning environments” (p. 336)help their students to be better prepared

for accountancy practice in the real world.

Berry, Mcintyre & Nyman (1999) promote active, stuticentred learning mathematics in
higher education, where the student is “respondiehis or her own learning” (p. 238),

using computer algebraic software (CAS). Such aggres were found by students on the
whole to be “stimulating and enjoyable” (p. 237haugh the learning of mathematics using
these aids was not always efficient. The authors mbt explain what they meant by
‘efficient’, but | understand them to mean eithieattthe quality of learning was not always
the best that it could be, purely because exciteagning aids were being used, or that

learning took longer when using CAS.

Recent research has shown that widening accesstitary study is associated with problems
such as “declining student progression and retentates” (Pokorny & Pokorny, 2005 p.
445), partly because many tertiary educators iectlyr presume that their students will
rapidly become independent learners (Alexanderhdgis Crawford, & McCartney, 2006;
Bitzer, 2005; Pokorny & Pokorny, 2005). In additidrecause of widened access, student
support resources are more limited than they wetha past, because they have to be spread
more thinly (Pokorny & Pokorny, 2005). With respdot student feedback concerning
mathematics learning, smaller tutorial sessionsewgreferred over large lectures, and
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Goldfinch (in Pokorny & Pokorny, 2005) reportedrsfgcantly improved examination results
when mathematics classes were smaller, and provadezhance for greater individual
interaction with teachers. According to Goldfinaimnathematics learning in particular is
negatively affected by traditional transmissiondzhsearning environments because it is a
structured subject: If a concept is not understeardly on in a lecture, the rest of the lecture is

rendered ‘unintelligible’.

It is generally understood that levels of anxiefyircoming higher education students are
often high (Lucas, Damianova, Burney, & Ponto, 200@articularly those students who did
not achieve excellent marks at school, or may mawkwhat it takes to “survive” (Bitzer,
2005) in such different environments. Pokorny & &wly (2005) argued that higher
education institutions need to move away from tradal transmission teaching and work on
ways to support new students in their study ende@vwithin the mass entry environment.
Bitzer (2005) suggested that higher educationtingtns should look at ways of improving
students’ writing, problem-solving and self-managemskills, and Smuts (2005) suggested
that student feedback is helpful for reflectionteaching (by the lecturer) and learning (by

the students) in higher education.

Higher education teachers in the United Kingdomehexperienced difficulties, in that if they
do use student-centred approaches where students/ianed as responsible for self
investigation of topics, the students have beerwknto complain about not being taught
properly, which is in turn monitored by educatiantherities (Berry et al., 1999). Since the
‘lead-to-the-answer’, “spoon feedingpproach [often leads to] artificially apparentitter
results” (Berry et al.,, 1999 p. 239), higher edigatteachers and students may not be
prepared to brave the better approach that wilebelearning in the long run. It is possible

that administrative pressures influence teachingamy educational institutions.

Monash South Africa, being a private institutionSouth Africa, is not funded by the South
African government. However, to have all coursegistered with the South African
Qualifications Authorities (SAQA), the universityas to comply with South African
educational requirements. Study at this universitignore expensive than at others in South
Africa. Students and parents therefore want thmioriey’s worth’, and are afforded input
with respect to the quality of teaching offered tie South African campus. Short term
visible effects of teacher-centred learning, sushcapious lecture notes and assessment
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scores are desired by many staff and students., Thegroblems described by Berry et al
(1999) also occur at Monash South Africa.

The above examples of teaching in higher educatistitutions frequently refer in passing to
transfer of learning to new contexts as either etqzbor taken for granted. While none of the
above studies focus on transfer, their incidergfdrences to transfer suggest firstly, that the
ability to transfer knowledge and subject speqiftactices is assumed as integral to tertiary
learning and essential for taking the knowledge skitls learned into the job market; and
secondly, that transfer is facilitated through thplementation of student-centred teaching

approaches. Both of these ideas are discussedaih idechapter 2.

Remaining with the current focus on higher educateind because this study explored the
experiences and learning of Foundation Programomests who have moved into their first
year of undergraduate study in IT, it is fittingathl report on some of the research into
teaching and learning that has recently taken placether South African foundation

programmes.

1.5.2. Foundation programmes in South Africa

Many universities in South Africa have institutec{undergraduate foundation programmes
in different disciplines. One rationale for the stghce of such programmes is that many
students who enter into undergraduate study arertprépared for tertiary education in a
number of ways, such as low academic knowledgesailid and inability to cope with the

pressures of social and academic university life Rlessis, Janse van Rensburg, & van
Staden, 2005; Pokorny & Pokorny, 2005; Wood & Litkg 2005). Such programmes have
been the focus of research, with respect to thditgqua what they provide academically,

within their respective disciplines.

The foundation programme at the Nelson Mandela dpeditan University (NMMU) in Port
Elizabeth aims to “provide students with an altéugaaccess route to tertiary education”
(Wood & Lithauer, 2005), by equipping them with thecessary knowledge and skills
required for undergraduate study. Students weredagkelaborate on their experiences of the
foundation programme. Along with the social and #amal support that the students
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received in the foundation programme was the figdimat their undergraduate academic
performance was the same as, and often better twemparable students who had been
directly admitted into mainstream undergraduatelyst{ibid.). It was found by Wood and
Lithauer (2005) that ‘better academic performaramild not be attributed to a single factor,
such as cognitive development, but to the holiskitls which the foundation programme
helped to develop in the students. Lizzio et al0@20n Wood & Lithauer, 2005 p. 1008)
agree that holistic learning, namely, academic social development, influences student
performance in undergraduate study. They suggettad students’ “perceptions of their
course” (p. 1008) influenced their learning withinat course. “Students who [had] a negative
opinion of their course tend[ed] to have a surfapproach to learning, whereas those who
[were] positive tend[ed] towards deep learning’idip This was stated by Wood et al to be
an important consideration for foundation programeoerse design. Some students at the
NMMU also felt that although the cognitive requirembs of the foundation programme were
not challenging enough, on hindsight, the studentred approach of the foundation

programme had prepared them holistically for furiilvedergraduate study.

The foundation programme offered to information ammmunication technology (ICT)
students at the Vaal University of Technology wasealoped because of the unacceptably
low pass rates for thetrogramming Icourse (du Plessis et al., 2005). Like Wood & aitar
(2005), du Plessis et. al. (2005) (and all repozfserred to in the previous section) raised
concerns over the inadequacy of the cognitive skilown by undergraduate students. They
investigated the relevance of their foundation progne to the students’ cognitive and social
needs, as well as to their experience. They fourat good English proficiency and
introductory ICT skills obtained in the foundatiggrogramme positively influenced the
Programming 1 results. However, disturbingly, thatmematics marks did not show any
significant correlation with the Programming 1 ésuThe authors were astounded at this

finding, as they reported that literature

‘...indicates that mathematics is an important tooddeveloping learners’ logical
thinking skills and [that] it enhances reasoninghigh is the basis of logical
thinking skills and problem solving. It furthermomedicates that mathematical
abilities play an important role in the succesdadrning of programming skills...
(du Plessis et al., 2005)

This finding is somewhat surprising. According tauBe, Scot Drysdale, Kelemen and
Tucker (2003) and Henderson (2003) any kind of eattics is appropriate for
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programming, as it is not the content of the maltiag is needed by programming students,
but rather the thinking skills that are developedftirther use during the process of general
programming. | suspect that the ‘failure’ to ussaisfer mathematical knowledge in this case
is an example of fragmented mathematical knowldmeg of limited use in situations other

than the mathematics classroom (Boaler, 1998).,Alde possible that the environment and
conditions of transfer have been dictated by théhag’ interpretation of what counts as

transfer, and what they expected to be transferradoehaviourist/cognitivist understanding

of transfer (cf 2.5.).

Wood & Lithauer (2005) (NMMU) and du Plessis et. &005) (Vaal University of
Technology) reported some of the cognitive andcéiffe aspects of students studying in pre-
undergraduate foundation programmes; the commgnbhktween the reports being the
necessity for pre-undergraduate students to perbmtter in their first year of undergraduate
study. The Monash South Africa Foundation Progranii®AFP) has the same goals. The
difference between the two reported studies abeatning in South African foundation
programmes and my study is that these studies didspecifically investigate learning
transfer, and mine focused on transfer of mathemlapractices to undergraduate study in
information technology. Mathematics is a compulssobject in the MSAFP for those
students wanting to study business or IT, and thesiipn was: In what ways are the
mathematical practices taught in the Foundatiorgframe used in undergraduate study in
IT?

The relevance of the NMMU study to my own is theatgtion of the holistic nature of the
foundation year appearing to have a significariigrice on students’ undergraduate learning.
This study appears to emphasise a more situatirsp@etive on learning; which is pertinent
to my study, since my study investigates transf@mf both cognitive and situative
perspectives. Recent literature indicates thatgfiects of a student’s life plays a role in
knowledge transfer, and it is therefore possibkt tmolistic learning positively influences
learning transfer. The relevance of the Vaal Ursitgrof Technology study to my own is the
apparent lack of transfer of mathematical knowledgem the foundation year to
undergraduate IT. Since IT was also the focus ofstougly, | was interested to find out if
taking a situative perspective on learning transibanged the interpretation of how
mathematics is used in undergraduate IT study.
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A large amount of literature referring to learningnsfer is available. It discusses issues such
as whether or not transfer occurs (e.g. Carrahesdkliemann, 2002; Lave, 1988), the
theoretical perspectives from which transfer caninwestigated (e.g. Anderson, Reder, &
Simon, 1996; Carraher & Schliemann, 2002; GreeB8,/), and suggestions for facilitating
transfer from prior to new learning situations (éAtexander & Murphy, 1999; Engle, 2006).
Much of the literature discusses transfer fromriedy in institutions to ‘everyday life’ or to
the business place, or transfer within the schoolirenment. Very little appears to be
reported about the transfer of mathematical knogéetb further tertiary learning situations.
Following is a report of transfer research thatktqguace in a university environment in
Australia. The research is framed within a cogeittonstructivist perspective (cf. 2.4.2.) and
therefore has clearly defined the tasks and enmisatt in which the extent of transfer was to
be measured. Also, it was the only study that ll&dind in the literature that discusses

transfer of mathematical knowledge to undergradsiatey.

1.5.3. Transfer of mathematical practices to otheundergraduate contexts

A study at the University of Sydney, Australia @@n, New et al., 2007b; Britton et al.,
2005; Roberts, Sharma, Britton, & New, 2007) ingsged the ability of first year
undergraduate students to transfer mathematiceiémce contexts. While the authors are
aware of controversy surrounding the concept ohdfier, they maintain that “it is a
fundamental, if implicit, assumption of the modeay education system that students possess
this ability” (Roberts et al., 2007 p. 1). They aegthat “transfer is the ‘ultimate goal of

education™ (ibid.). The authors go on to descrifsg transfer’ as the type of transfer “in
which educators are most interested — the apphicaif knowledge and skills to dissimilar
contexts, at later times, in novel ways” (Robettale 2007 p. 2) — hence my interest in their

work.

These authors have attempted a novel way of meastnansfer by considering graphing
skills in their calculations: a measure they hagtemred to as ‘graphicacy’. Their rationale
behind using graphicacy originated from Gill’'s ({Byn, New et al.,, 2007b) suggestion that
understanding of graphing concepts predicted ssames later mathematics exam. Results of

their study showed that
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“... transfer ability is positively correlated withrgphicacy, although we do not
know whether superior ability to interpret graphicaepresentations of
mathematical data is a cause or consequence ofrisupability to transfer
mathematical learning. However the strength of tberelation has encouraged
some of us to change our emphases in teaching. &edevote more time to
explaining the interpretation of graphs in the @it of our own scientific
disciplines. Further work is needed to confirm thais approach improves
mathematics transfer and numerac{Britton, New, Roberts, & Sharma, 2007 p.
140)

The research team subsequently postulated thatrhisrstanding of graphing may “underpin
higher order mathematical concepts” (Roberts 2807 p. 4), and is either a result of, or a
pre-requisite for, “deep mathematical understarid{ityd.). These findings resulted in the
development of a transfer index, which measureddbgree of transfer of mathematical
knowledge (namely, of logarithms and exponents)fitst year studies in mathematics,

physics and microbiology.

There was found to be further need for study oftfege qualitative aspects of transfer of
mathematical knowledge, through interviews with #tedents — in particular, “interviews
with those students who seemed able to use a pfexathematics in a context, but did not
display evidence of having that piece of matherabtoowledge on the purely mathematical
questions” (Britten, personal communication, May020 Recent understanding about
transfer indicates that this is explainable throwgiiderstanding how students are able or
unable to use their school learning in new contexttsl how they often use innovative ways
to solve mathematical problems in non-school cdstdecause they cannot draw on the
mathematical knowledge that they learned at sc{femi example, Boaler, 1997, 1998). Vice
versa, students often do not relate what they deahlife to instructional situations (Boaler,
1997, 2000b). This can be because of piecemeahitepof mathematical concepts and
procedures that may takes place at school, whigbk haver become part of personal sense-

making by the student.

With the University of Sydney study in mind, my dyuinvestigates students’ transfer of
mathematical practices to the tertiary learning dionof IT. Unlike the other study, my study
is qualitative, and examines students’ experietdsrtiary study, linked with their abilities
to demonstrate transfer of mathematical practicedewdoing first year IT tasks. Robert et
al’'s (2007) statement that “it is a fundamentaljnmiplicit, assumption of the modern day
education system that students possess [trangbilily” (p. 1) is significant; because a

certain level of mathematical knowledge is a rezguent for undergraduate study in many
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areas. Therefore it was of concern to me as a mmatties teacher preparing students to use
their mathematical practices in undergraduate lifl\stto understand the extent of students’

abilities to make use of mathematical practicethair IT courses.

In chapter 2 | argue that to frame my study leagrireories of cognitive constructivism and
situated learning can be used in support, ratteer th conflict, of each other, in order to gain
a broader perspective of learning (Boaler, 2008ad, transfer. This possibility opened up an
avenue to investigate, understand and interpretthenvgfer of mathematical practices to other
non-mathematics undergraduate subjects might bsilppes This study shows that like

learning, the transfer of knowledge involves muidtipspects of a person living in the world —
aspects of culture, previous experiences, priomiag, social interactions, and others; and
can be better understood from social, anthropoddgiad cognitive perspectives working in

conjunction with each other.

1.6. Outline of Research Report

The study has been reported in the following forn@tapter 2 is comprised of a detailed
discussion of mathematical proficiency (Kilpatriek al., 2001) and mathematical practices
(Ball, 2003), and how these may be developed indfuelent through a student-centred
teaching approach. These components of learningemettics have been framed by means of
a ‘bricolage (Cobb, 2007) of two learning theories, and aredusogether to analyse and
interpret the research findings. Chapter 3 dessribe research design and methodology.
Chapters 4 and 5 provide detailed analyses of fgomsp interview and task-based interview
data respectively, in terms of the students’ exgmees in tertiary study and their use or non-
use of mathematical practices when doing infornmatexhnology problems. Chapter 6 is an
explanation of the manner in which student expeesnin the Foundation Programme and
first year study influenced their use of mathenatpractices in IT, with respect to cognitive
and situative perspectives of learning. Recommaenakafor further study are provided, as are

interesting questions that arose but were not aresiheuring the study.
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1.7. Conclusion

In this chapter | situated my study within a testilearning environment and described some
of the issues which higher education students nfegte during their tertiary studies. | briefly
discussed the teaching and learning environmentsoafe international South African
undergraduate and foundation programmes. | alliddde possibility that a student-centred
teaching approach improves students’ senses ofbgelg in a new learning environment,
and allows for learning to be used in contexts idetghe original context in which the
learning occurred. | also introduced the idea thraterstanding knowledge transfer is key to
understanding aspects of teaching and learninger @ten it is not a focus of such studies. |
provided a description of the mathematics learmngironment in which the respondents in

this study were situated.

The next chapter considers theoretical aspectieoktudy: the theoretical framework which
underpins the study, as well as theoretical isselesing to knowledge transfer. | also explain
how mathematical practices are integrally involvied the investigation into students’

experiences of learning in undergraduate studythadransfer of mathematical knowledge

into undergraduate studies in Information Techngl@g).
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CHAPTER 2

THEORETICAL PERSPECTIVES, LEARNING
TRANSFER AND THE ROLE OF STUDENT-CENTRED
TEACHING : A ‘BRICOLAGE’

2.1. Introduction

The focus of this study was to investigate studeldgarning experiences in the pre-
undergraduate Foundation Programme, and relatee theestheir beliefs concerning the
usefulness of the approaches they learned andeteextent of transfer of mathematical
practices to undergraduate study in informatiohnetogy. Research has shown that students
who find themselves mastering mathematical sulgeotent and being able to use it and its
associated skills and practices effectively in othalks of life will also describe their
learning experiences of that subject positivelyll(B2003). Therefore, student experiences of
my teaching approaches, and their perceptions dimuthelpful these teaching approaches
were in undergraduate study, are important aspeftiencing transferability of mathematical
practices to other academic domains in undergradstady. The existence of a certain level
of proficiency in the mathematics domain is necasbafore it can be used in other domains.
This study is dependent on an understanding of wiadlhematical practices are, how they are
used as a whole by mathematically proficient peoghel why they are important indicators

of proficiency in mathematics (cf 1.3.1.).

I shall begin my theoretical discussion by firsviesving what the literature says about
mathematical proficiency and the practices usedmathematically competent people to
demonstrate proficiency and to show the links betwpractice and proficiency (cf 1.3.1). |
then explain what comprises a student-centred iegchpproach (cf 1.3.2.), and how
development of mathematical practices in studeratg be brought about through using such

an approach (cf 1.3.2.).

The extent of actual use of mathematical practitedents demonstrated while doing IT tasks
Is related to my first two research questions tghoan understanding of how mathematical
practices may be developed and used by studerdy@m they may be transferred between

different contexts (cf 1.3.3.). It may be arguedttknowledge transfer is a key indicator of
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successful learning. How one understands transfdrawever, dependent on the theoretical
perspectives of learning that one takes. This @napill secondly discuss the theoretical
underpinnings of the study (cf 1.3.4) and explaihywa certain selection of theoretical
perspectives has been used. Thirdly, transfer bl explained in terms of historical
perspectives (cf 1.3.3.) and then in terms of tieotetical perspectives | have chosen to
frame my study (cf 1.3.3.). Lastly, | argue how tadent-centred teaching approach may
positively influence students’ abilities to transkmowledge, by linking it with how transfer

of mathematical practices may be encouraged thrawgibident-centred teaching approach.

2.2. Mathematical Proficiency and Practices

2.2.1. Mathematical proficiency

Mathematical competence has recently been framd(ilpgtrick et al (2001) into the notion
of mathematical proficiencyMathematically proficient people demonstrate tao$eskills that

are mutually influential; described as the ‘intarted strands of proficiency’ (cf 1.3.1.).
Listed, the strands are *“conceptual understandingtocedural fluency”, “strategic

competence”, “adaptive reasoning” and “productiigpdsition”. A brief description of each

strand follows:

Conceptual understandinmvolves the comprehension of concepts, and rmglathem to
operations and other concepts. Sometimes, whertlonks about the idea of ‘conceptual
understanding’, it seems obvious that students rieednderstand what they are doing.
However, | have included below a quote from Kilp=tret al (2001), showing that there is
more to this strand than first meets the eye. Haeonceptual understanding means that there
is a certain amount of continuity to the mathenatibinking process, and that there are links
between conceptual understanding and what a pemsmdoeswith the given problem to

solve it.

‘Conceptual understanding refers to an integratedd duonctional grasp of
mathematical ideas. Students with conceptual umaeding knowmore than
isolated facts and methodsThey understandvhy a mathematical idea is
important and thekinds of contexts in which is it usefulThey have organized
their knowledgento a coherent whole..Because facts and methods learned with
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understanding are connected, they asasier to remember and use A significant
indicator of conceptual understanding lieing able to represent mathematical
situations in different ways and knowing how diffent representations can be
useful for different purposes (Kilpatrick et al., 2001 p. 118) (emphasis mine)

This description has helped me to understand tip®itance of conceptual understanding of
mathematics in a subject such as IT because cdiitaaneas will make use of mathematical
conceptual understanding as a foundation for fuartffe conceptual understanding. For
example, a firm conceptual understanding of plaakies is needed when working with
computer systems, because these calculations tkee pn a binary number system.
Understanding binary place value and performingutations, such as addition in base 2 can
be very confusing, because the concept of ‘cariyangumber over to the place value on the
left is embedded in understanding the base 10mystesuch calculations are done in base 10
without full understanding of base 10, then whetoines to performing the same operations
in base 2 the student is unable to extend theicemmmal understanding from base 10 to base
2.

Not all computational situations are alike. Thedstut needs to be able to draw from a
selection of procedural tools to solve a particygaoblem. This will require conceptual
understanding oivhy one procedure or algorithm is preferable over lagotbut also requires
students to use that procedure flexibly, in a rasfgeroblem situations.

“Procedural fluency refers to knowledge of proceslrknowledge of when and
how to use them appropriately, and skill in perforgnthem flexibly, accurately
and efficiently”(Kilpatrick et al., 2001 p. 121)

In mathematicsprocedural fluencyis the proficient use of formulae, rules and pdores.
For example, students need to know the rules fterdntiation, and practise them in all sorts
of varying procedural problems, so that competancthe procedure is achieved and they
“are not handicapped in developing the other ssasfdoroficiency” (p.122). IT procedures,
algorithms and rules are often IT-specific, butoatdten include the use of mathematical
procedures. For instance, students may be requaregtimise the running of a business using
programming techniques; where they have to useptmeiples of linear programming to
perform procedures such as drawing graphs, saipngystems of inequalities and equations,
and defining optimisation functions. Logarithms éds are used procedurally when doing
calculations relating to the internal workings ohtputers, where the binary number system

is dominant. Often mathematical procedures nedxk teelected appropriately — dependent on
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conceptual understanding in order to apply themectly — to solve IT problem situations. At
other times mathematical procedures are used asbd#ises for other more complex
calculations. Flexible, appropriate and efficiesewf such procedures is crucial for solving

many IT problems. Kilpatrick et al warn that

“without sufficient procedural fluency, studentsvieatrouble deepening their
understanding of mathematical ideas or solving matatics problems(ibid.).

Procedures practiced without conceptual understgntdad to the incorrect use of those
procedures. For example, computer modelling forinass decision-making requires

proficient use of linear programming in two or modemensions in a spreadsheet
environment. (Instead of having to determine thenogd number of chairs and couches in a
problem the decision-maker might have to deternteeoptimal number of chairs, couches,
tables, footstools, etc; making the problem mulirehsional). Students often use the
spreadsheet procedurally without understandingsistem of inequalities they should be
setting up. As in mathematics classes, they oftemat understand the described problem,
guess the definitions of the variables involvedd anerefore guess the inequalities to be
defined, which often make no sense. The resuhids they insert incorrect formulae into the
spreadsheet and ask the spreadsheet solver to #wdveroblem, which it has been

programmed to do. One can “throw” almost any numlatra solver and it will “solve” the

problem — however meaningless the solution. Thhs, tesult of the situation is an

incorrectly-solved problem, which makes no sensth¢ostudent. Furthermore, it is unlikely
that s/he will be able to use these proceduresmynpaoblems other than those directly used

when first taught the procedures (Kilpatrick et 2001); and even less so in other domains.

Strategic competengevolves the problem-solving skills of the indivial — s/he must be able
to formulate and represent a particular problend, #ien solve it. The reason why strategic

competence as a component of mathematical proéigiesnso important is because,

“[students] encounter situations in which part dfet difficulty is to figure out
exactly what the problem is. Then they need to dtata the problem so that they
can use mathematics to solve iKilpatrick et al., 2001 p. 124).

| suggest that having strategic competence allowgident to use mathematical knowledge

strategically in new domains. Being able to usehemfatical problem-solving practices to
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solve problems in domains such as IT, which areéhemagtical in many aspects, would be a
competence desired by the IT student.

Representation is also key to problem-solving. Begmtation requires firstly, understanding
the situation and knowing the steps taken in ugstcore mathematical elements” (p. 124),
and secondly, planning how to solve the problenpafrick et al (2001) describe in detail the
role of representation recognised by the stratigicampetent student. Representation of a

problem may be shown in a variety of ways.

the student's first step in solving [the problp is to represent it
mathematically in some fashion, whether numericaiymbolically, verbally, or
graphically ... Representing a problem situation iieeg) first, that the student
build a mental image of its essential components (Kilpatrick et al., 2001 p.
124).

If a student does not represent a problem durihgngpa task it is possible to interpret this
absent visible representation as a lower problewirgp proficiency. For example, Goldin
(1997) describes reduced problem-solving abilityeéspondents who have to be prompted
while doing a task. However, a lack of a visuakwen verbal representation during any task-
based interview does not necessarily mean thaeseptation is not being used, and that an
individual's strategic competence is limited in sonwvay. Representation may be mental,

which indicatedetterstrategi¢ competence:

“In contrast, a more proficient approacths to construct a problem model — that is,
a mental model of the situation described in thebfgm. A problem model is not a
visual picture per se; rather, it is any form ofmted representation that maintains
the structural relations among the variables in fm@blem” (Kilpatrick et al.,
2001 p. 124) (emphasis mine).

! The different forms of the word ‘strategy’, aftéretword ‘strategem’, or ‘plan’, are used oftenhistreport,
and are located under the umbrella of ‘strategimpetence’. Strategic competence refers to being blise
strategic thinking, to solve problems. It is puttistrategy into action. For example, ‘strategicisiea making’
is referred to on page 36; ‘strategic thinking'used on page 65; ‘strategies for recognizing...” aggy65;
‘strategic ability’ on page 66; ‘strategising’ isst seen on page 81 and is then used as my chbéiserd to
describe the practice in this study (cf 2.2.2.)] a&trategic manipulation’ is used on page 165.
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Adaptive reasoninglescribes a person’s ability to justify claims maithrough “logical
thought, reflection [and] explanation” (Kilpatriak al., 2001 p. 116). The authors continue:
“...in mathematics, adaptive reasoning is the glw tiolds everything together” (p. 129).
Good argumentation skills demonstrate proficiengyadaptive reasoning, because valid
argumentation demonstrates the “capacity to thadichlly about the relationships among
concepts and situations [through] deductive reagpfiand] is used to settle disputes and
disagreements” (ibid.).

Kilpatrick et al (2001) argue that besides the mabgious use of deductive reasoning that
demonstrates adaptive reasoning, such as formaf,ghere exists the often less-considered
place of intuitive and inductive reasoning “basedpattern, analogy and metaphor” (p. 129).
| raise this issue here because the mathematiegltiad reasoning used within the domain of

IT may very well be characterised by this kindahking.

Students cannot justify their claims unless theylasstand the concepts behind their
arguments. If their claims are not justified, thewe no argument. While the concepts behind
the arguments may be found predominantly within Ehedomain, the ability to make

analogies and recognise patterns that describes'rolay be a valuable asset transferred from

mathematics to IT.

“Analogical reasoning, metaphors, and mental and/tal representations are
‘tools to think with’, often serving as sourceshgpotheses, sources of problem-
solving operations and techniques, aids to learning and transfér (Kilpatrick

et al., 2001 p. 129) (emphasis mine).

Recognising analogy, or similarities between situe, is suggested by Kilpatrick et al as one
of the facets of successful transfer from one sttnato another. Therefore, valid reasoning,
using pattern recognition, analogy and metaphamftbe domain of mathematics may be
important aspects of reasoning through and makemyiacing arguments while solving IT

problems. | further discuss analogy when | disdtesssfer in section 2.5.
Productive dispositionthe fifth strand of mathematical proficiency, als the
“habitual inclination to see mathematics as sersiblseful and worthwhile,

coupled with a belief in diligence and one’s owlicaty” (p.116).
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Repeated success in all of the other strands devéhcreased productive disposition; which
in turn positively influences students’ proficienicythe other strands. In addition, students’
beliefs in their abilities to solve mathematicablpems, as well as seeing problems as
challenges to be conquered rather than as measinggsts of their abilities are aspects of
positive productive disposition. | suggest thatihg\wa high level of productive disposition is

necessary for successful use of mathematical pescin other domains.

According to a report published by the RAND MathéogaStudy Panel (Ball, 2003), it is
common for mathematics teaching to focus on dewedpphe first two strands, to the
detriment of the others. The report suggests deusdocertain mathematicalracticeswill

aid students in attaining mathematical proficienElyesepracticescan best be described as
what mathematically proficient peopdi® to be successful users of mathematics. The way in
which Ball (2003) explains how practices and prieficy relate to each other is summarised
in section 1.3.1, and | provide more detail hereuahow practices lead to proficiency.
Proficient users of mathematical knowledge needentban mathematical knowledge itself,
because knowledge may be present but not usecierdfy (Ball, 2003; Boaler, 1997, 1998,
2000b). Competent learning and use of mathematickides strategic decision-making
concerning how mathematical concepts, procedurek taols may be used in different
circumstances. To be more specific, proficient sisdgrmathematics “flexibly and skilfully
engage” (Ball, 2003 p.33) with the practices ofphesentation, attentive use of mathematical
language and definitions, articulated and reasatachs, rationally negotiated disagreement,
generalising ideas and recognising patterns” (p.(8R21.3.1.); whereas less proficient users
do not. The extent of mathematical proficiency tndents (Kilpatrick et al., 2001) can be
observed when students use mathematical pracBedls 2003). After the next section, which
discusses mathematical practices, | describe hoficncy and practices are related to each
other through relating Kilpatrick et al's (2001) skowith the practices listed by the RAND
Mathematics Study Panel (Ball, 2003).

2.2.2. Mathematical practices — what they entail

Mathematical practices include mathematical reprtad®n, attentive use of mathematical

language and definitions, articulated and reasatachs, rationally negotiated disagreement,
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generalising ideas, and recognising patterns (B&03), and fall into the broad areas of
representation, justification and generalisatiomede practices have been found to be
significantly lacking in American schools, and bgest that this can probably be generalised
to South Africa, if one takes into consideratiom tamount of literature available on the
subject of mathematical competence in school stsddndiscuss each of the three broad
mathematical practices below.

Firstly, representation takes on many differentierwhen used mathematically. It may be
used to describe a physical relationship, wherekaltjc variables and mathematical symbols
are used to model situations. Such representatrontd, for example, be used extensively by
engineers (for example, in modelling the flow oft@rathrough a pipe), by physicists (for
example, in representing the forces between pasdclby economists (for example, in
modelling the relationship between the repo raté nflation), or by climatologists (for
example, in using probabilistic modelling to predice height of the 100-year floodline).
Alternatively, mathematical ideas may be represkemea number of ways, where a choice
needs to be made to depict the idea in the besipassible. For example, when representing
data a decision may need to be made as whetheptesent the data in a table or in the form
of a bar graph. Lastly, mathematical symbolic laaggiis used to precisely and elegantly
describe mathematical expressions. For examplepids, one may say, “the average speed
of a vehicle depends on the distance between twengioints with respect to the time taken

to travel between the points”. In mathematical sglmp one may write

S(t+h) -«
h

speed= , to mean the same thing, having defisetlandh. It is very clear that

the proficient mathematics user will need to be fmotable with using and interpreting all of

the different ways of using representation.

Secondly, the Panel (Ball, 2003) refers to jusdifilcn as “articulated and reasoned claims,
[and] rationally negotiated disagreement” (p.32)stification is integral to argumentation,
because it is the only way to convince yourse@mebody else that what is being claimed is
valid. In addition, one would need to be able tetijy other people’s claims as well to
understand their arguments. Therefore, justificatiof claims, methods and solutions
“certif[ies] and establish[es] knowledge” (p. 3Djfferent people can practice justification at

different levels, depending on their comparativeelse of conceptual understanding of the
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material. Therefore, the degree and complexityrgliment often gives a good indication of a

student’s mathematical proficiency.

Thirdly, generalisation is related to working withatterns, structures or relationships —
ubiquitous in mathematics — where a proficient reathatics user will instinctively try to
describe these using some kind of ‘rule’ or formwlaitten in the form of data or
mathematical symbols (Ball, 2003). This shows théerrelationship of mathematical
practices — generalising patterns into a rule vatjuire competent use of representation of
some form; as well as justification of the defininde and representation selected. From my
years of experience as a practising teacher | hawee to realise that working with patterns
requires many slightly different aspects of pragtiwhich are relevant to this discussion, as |
will be looking for these aspects in my data analy{sf ch.5). Firstly, students have to
recognise that a pattern exists in the first pl&scondly, there must be recognition of how
the pattern is propagated, which is followed thirtdly an idea of what should be done to
extend it. Fourthly, the pattern is described byule, which is usually represented using a
variety of mathematical symbols. A less proficipetson may get ‘stuck’ at any one of these
stages. For example, for the series 2 + 4 + 8 + 16, generalisation entails the realisation
that the series follows a pattern, that each ad@éek is double the previous value, that the
next number would be 32, and that the final repried®n of the pattern using a general rule

is (Z 2 j; which also requires proficient use of relevanhbgls and terms.
i=1

In summary, according to the RAND mathematics StRdwpel, teaching of the practices of
representation, justification and generalisatioousth be visible to the student, where learning
by doing mathematical practicas key. Ball (2003) and colleagues in the RANDarocus

on what is needed at the school level, in ordepravide the mathematical competency
needed for students to live in society, as wellhas$ required for those teachers and students
involved in “more ambitious curricula” (p. 35), $uas higher levels of secondary school
mathematics. The way that the RAND Mathematics ytanel explains how mathematical
practices are related to mathematical proficiescgutlined in section 1.3.1. The bulk of the
report then addresses improving classroom pracfme@reparation of scholars for using
mathematics in mathematical domains other thanbagenon-school contexts and future
employment; but is sketchy where mathematical pigficy may be required for future study

— particularly in non-mathematics tertiary eduaatiovhich is the focus of the current study.
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Drawing on their work, | suggest that students alsmed to be further prepared
mathematically during tertiary study in non-mathénsadomains, as well as for living in
society. Just as promoting appropriate levels ofigiency needs to be addressed at different
school levels, so the tertiary education system aéeds to investigate what should be taught
to develop mathematical proficiency in pre-undedgete students, who are not necessarily
going to study tertiary mathematics.

How do practices and proficiency coincide? Throwtamining each of the practices of
“representation, attentive use of mathematical uagge and definitions, articulated and
reasoned claims, rationally negotiated disagreemgeaneralising ideas and recognising
patterns” (Ball, 2003 p. 32) with respect to thgaded description about mathematical
proficiency (Kilpatrick et al., 2001), | provideveay to further link proficiency with practices.
The first-mentioned practice of representationleésity linked with proficiency by Kilpatrick

et al (2001). It appears that representation is ante key practices that bring about the
interdependence of the proficiency strands becaaseording to Kilpatrick et al,

representation is key to more than one strandjsapdrtly responsible for proficiency in that

strand. For conceptual understanding,

“[a] significant indicator of conceptual understamd) is being able to represent
mathematical situations in different ways and kmawi how different
representations can be useful for different purgo3® find one’s way around the
mathematical terrain, it is important to see howe thiarious representations
connect with each other, how they are similar, dodv they are different.” (p.
119).

Representing problems is a crucial aspect of pndelving, which is an aspect of strategic
competence (Kilpatrick et al., 2001). According tteese authors, the student first has to

formulate the problem. Thereatfter,

“[w]ith a formulated problem in hand, the studenffisst step in solving it is to

represent it mathematically in some fashion, whethemerically, symbolically,

verbally or graphically. [...] Representing a problesituation requires, first, that

the student build a mental image of its essenbahmonents. [...] To represent a
problem accurately, students must first understdmedsituation, including its key
features. They then need to generate a mathemagipedsentation of the problem
that captures the core mathematical elements andrés the irrelevant features.”
(p. 124).
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Formal proof and other forms of deductive reasoniogn part of adaptive reasoning.
According to Kilpatrick et al, representation-bumd experiences can help children to

develop “sophisticated reasoning abilities” (p. 128 addition,

“[a]nalogical reasoning, metaphors, and mental aplysical representations are
‘tools to think with,” often serving as sourceshgpotheses, sources of problem-
solving operations and techniques, and aids toriegy and transfer”. (p.129).

Representation is clearly a practice that charseterthe proficient mathematician through
linking more than one strand. Secondly, | argud thaiculated and reasoned claims and
rationally negotiated disagreement (Ball, 2003 ), ®r justification (Ball, 2003 p. 37) are
practices that can also clearly be linked with joreficy via the adaptive reasoning strand.
Kilpatrick et al (2001) comment, “we ugsstify in the sense of provide sufficient reason for”
(p. 130) (emphasis original). According to Kilpakiet al reasoning does not have to be
“confined to formal proof and other forms of deduetreasoning” (p. 129). Mathematical
reasoning includes “informal explanation and jusdfion, [and] intuitive and inductive
reasoning, based on pattern, analogy and metap{mt29); which can be another way of
describing “articulated and reasoned claims”. “Badily negotiated disagreement” (Ball,
2003 p. 32) is a practice described thoroughly ubhothe adaptive reasoning strand of
proficiency, in that deductive reasoning “is usedettle disputes and disagreements. [...] In
principle, [students] need only to check that theasoning is valid” (Kilpatrick et al., 2001 p.
129). For Kilpatrick et al “adaptive reasoning I tglue that holds everything together, the
lodestar that guides learning” (p.129). Therefdris, crucial that justification — a practice that

leads to proficiency in adaptive reasoning — isent in mathematics students.

“Generalising ideas and recognising patterns” (B20I03 p. 27) is a practice not as clearly
described by Kilpatrick et al as an evidence offiprency as the previous practices were.
This practice overlaps multiple proficiency strands it is required to demonstrate different
kinds of proficiencies. Firstly, students who am@ategically competent “also need to see that
some representations share common mathematicaltwses. [...] More expert problem
solvers focus more on the structural relationskphin problems, relationships that provide
the clues for how the problems might be solved” 1@5). This statement describes the
practice of pattern recognition, which | suggest as fore-runner of generalisation.
Generalisation. may be understood as ‘rule’ formoma Kilpatrick et al (2001) describe a

similar idea, when they state that “strategic compee involves learning to replace by more
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concise and efficient procedures those cumbersaome@ures that might at first have been
helpful in understanding the operation” (p. 127}hé& forms of pattern recognition as an
aspect of proficiency include recognising “connatsi among concepts” (Kilpatrick et al.,
2001 p. 118) (conceptual understanding strand);adgutithms as being “powerful tools” (p.
121) that are the result of generalised patterrsd 8how the organised structure of
mathematics. Kilpatrick et al do not focus on gahsation as a specific term to describe
mathematical proficiency. However, because workintfp mathematical patterns in different
ways is an aspect of so many proficiency strands because rule formulation or
generalisation requires working with patterns, ggest that generalisation as a practice is

directly linked with overall mathematical proficign

Lastly, “attentive use of mathematical language definitions” (Ball, 2003 p. 27) is not a
special focus of Kilpatrick et al's discussion bétfive proficiency strands. | suggest that it is
essential to be used by any mathematically praficetudent, because of the central role of
communication in mathematics learning, using matteral language and definitions (e.g.
Ball, 2003; Pirie, 1998).

Over the last few pages | explained how differegpemts of mathematical proficiency

(Kilpatrick et al., 2001) may be demonstrated wkerdents do certain practices, detailed by
the RAND Mathematics Study Panel (Ball, 2003). Hanel focused on three overarching
practices of ‘representation’, ‘justification’, argkeneralisation’, and Table 2.1. below shows
how | grouped each of the practices of “mathemhtrepresentation, attentive use of

mathematical language and definitions, articulated reasoned claims, rationally negotiated
disagreement, generalizing ideas, and recognizatigqms” (Ball, 2003 p. 32) into these three

overarching practices (this grouping was not speadliy done by the Panel).

In my analysis | use words that are slightly difer (cf 1.2.) from the list of practices
presented by the Panel (Ball, 2003 p. 32). Becanasematical practices and proficiency
inform each other, the analysis done in this reteaeport works with both practices and
proficiency, and uses terminology from both to déscwhat students were doing when they
were solving IT problems. The terms used for mylymis were carefully chosen for their
usefulness in describing what the students weregd@nd then related back to the original
“practices” terms (Table 2.1.); so that the datalysis linked to a framework of mathematical
practices. | explain what | did in more detail imapter 3 (cf 3.7.2.); but for now | show in
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Table 2.1. how | have related my own practiceshtwsé of the Panel (ibid.) and the three

overarching practices.

Table 2.1. Relationship between Practices (Ball320and the categories used for my

analysis of task-based interviews

RAND Mathematics Study Overarching practice My own categories of
Panel practices (Ball, 2003 pp. 36-38) | practices, as related to those|of
(Ball, 2003 p. 32) (my interpretation — not the Panel
specifically linked by
Ball)
representation REPRESENTATION using representation

using procedures flexibly

attentive use of mathematical | REPRESENTATION, Using representation

language and definitions JUSTIFICATION,
GENERALISATION

articulated and reasoned claims  JUSTIFICATION us@erding/explaining

concepts

justifying

strategising
rationally negotiated JUSTIFICATION guestioning
disagreement disagreeing
generalising ideas GENERALISATION generalising
recognising patterns GENERALISATION generalising

In this section, | have linked the practices démaiby the RAND Mathematics Study Panel
(Ball, 2003) with the strands of mathematical migincy described by Kilpatrick et al (2001)
and with my own practices | used in my data analydlow that | have discussed
mathematical practices in so much detail, it is angnt that | explain why they are so

important.
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2.2.3. Why focus on practices?

Mathematical practices are valuable if they cowddrdansferred to other contexts — for use in
further study, in everyday life, or in the professl world. If mathematical practices are not
transferable, then institutions requiring matheosa#it any particular level of competence as a
prerequisite for further study or future employmeamuld need to reconsider their entrance

requirements.

The mathematical practices and proficiency stramalge some generic, as well as highly
specific aspects. Apart from the specificity of heahatical concepts, procedures and
representations, the practices of “articulated aedsoned claims, rationally negotiated
disagreement, generalising ideas, and recognisatigrps” (Ball, 2003 p. 32) could just as
easily be used to describe knowledge in other desndilowever, in other social domains,
what counts as an argument is different from tHatmathematics, because the objects and
methods of the discipline are different. In conras many areas of information technology
the problems to be solved require practices, whrehspecifically mathematical, but are in an
IT context. For example, when analysing algorithmubjch is done in programme design,
mathematics is the authority. In informatics, theharity for argument is experience and
documented evidence, which is different from spegify mathematical argument. That is,
the mathematical meaning of mathematical praciiBe#i, 2003) and proficiency (Kilpatrick
et al., 2001) is specific, and clearly illuminateg the authors, shown in the discussion in the
previous section and section 1.3.1. The mathemasgecificity of “practices” and
“proficiency” is the meaning | use in my analysifie fact that the above-mentioned practices
could sometimes be seen as generic is also a gireatger than a weakness in this study, in
that their aspects of non-specificity helped mede their movement across domains more
easily than if they had been purely mathematicatéa& of IT, such as using programming
languages, such as Java, do not use mathematm&ntd&nowledge (cf 5.3) but do require
“articulated and reasoned claims, rationally negetl disagreement, generalising ideas, and
recognising patterns” (Ball, 2003 p. 32). Dependamgthe IT problem to be done, | would
expect to see practices in both their generic ancempecific mathematical forms. More on
this issue is discussed in sections 5.3. and 5.5.

To summarise, a focus on mathematical practiceslisable because, as | have previously

argued (cf 1.2.), representation, justification ajeheralisation are mathematical practices
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that are useful for problem solving in the IT domand if we could, through mathematics,
purposefully teach such practices, their uses élsexvcan be valuable.

Having been provided with ‘names’ for these diffar@ractices, it may be easier to know
what to look for when examining whether or not thage used in non-mathematics
undergraduate contexts. Now that a descriptiondeen provided of what mathematically
proficient peopledo as they successfully practise mathematics, thé aqueestions to answer
are: (1) how do students learn practices? andd®)does the teacher promote such practices

in the classroom?

2.2.4. Learning mathematical practices

Highlighting doing mathematical practices leads to the obvious queshiow do students
learn todo mathematical practicesdDoing mathematics brings attention on thebject of
mathematics.How practices are learned’ puts a focus onto theofigsaching and learning
mathematics, as well as how mathematical practicag be used in other situations: the

transfer of mathematical practices.

My research is framed by two learning theories. Thst is the theory of cognitive
constructivism, which explains how the individub&ing individually responsible for his or
her own learning, makes sense of new conceptsdhreacial interactions (Hatano, 1996).
This sense-making takes place continuously thraghprocess of ‘equilibration’ (Smith,
diSessa, & Roschelle, 1993), whereby misconceptians considered as central to
construction of new learning (Hatano, 1996; Smitlale 1993). Cognitive construction of

knowledge is discussed in more detail in sectidn22.

The second theoretical perspective is that of wthacognition (e.g. Brown, Collins, &
Duguid, 1989; Lave, 1988, 1993; Lave & Wenger, 19%hich focuses more strongly on
learning as situated within a social context. Leayns equated to “active engagement” in
“valued enterprises” (Wenger, 1998 p. 4). Learnmgy also be defined as increased
participation within a community of practice, whehe participants are engaged in a common

enterprise with common goals, and they find meartimpugh their practices, as their
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identities become increasingly embedded in whay ttee (Wenger, 1998). A more detailed
explanation of situated learning, as well as tfasoa why the two learning theories are used

to frame this research, are found in section 2.4.

2.2.5. Teaching mathematical practices

Teaching mathematical practices entails a focuaabivity: that is,learning by doing maths
(Ball, 2003), through interaction of students withher students in a student-centred
environment. My last point is made because it iBkaly that a student will develop the
practices of representation, generalisation, apdaally justification, if he or she is watching
the teacher do it and nattively doingit him- or herself. Hence, a student-centred liean
environment would be more likely to foster suchctices. What do | mean by ‘student-

centred’?

2.3. Student-Centred Teaching

First, | discuss some historical milestones in tlevelopment of the concept of student-
centred teaching and then go on to explain whahtails in the modern classroom context.
Student-centred teaching emerged in the UnitedeStat America late in the 19th century
(Cuban, 1993 p. 40) and in the United Kingdom m 1860’s (Darling, 1990) Studentseds
were emphasised through experiencing integratedeobr{(Cuban, 1993; Darling, 1990),
rather than content-driven curriculum. The studmmitred concept does not dictate teaching
methodology, nor is it a learning theory. Ratheis ianideology(Darling, 1990), which, if it

is part of the teacher’s practices, can emerge'stsident-centred teaching practice’. Student-
centred teaching draws from the work of early teeshsuch as Edward Sheldon and Francis
Parker (Cuban, 1993), and educational psycholqo@gstsh as John Dewey and Freud (Chung
& Walsh, 2000), about how children learn and thiakd what motivates them. Typically,
student-centred instruction encourages a rangeauhing strategies, including group work,
investigation, discussion, argument, and creatkerases. Ideally students are motivated and

encouraged to contribute to curriculum design (bgrl1990). According to Brodie, Lelliott
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& Davis (2002) student-centred teaching has thaeets. The first considers curriculum, the

second, pedagogy and the third, interpersonaioakat

Brodie et al (2002) argue that curricula can beculesd with respect to the amount of

insulation school subjects have with respect tdheztber. Strongly insulated subjects have
strong ‘boundaries’, which keep them distinct aegasate from other subjects (Bernstein,
1982). In contrast, student-centred teaching ofteplements an ‘integrated’ curriculum.

Such curricula exhibit subjects with weakened bawied, so that the student should be able
to experience learning across a wide range of stgbjileally, students would be absorbed in
activities which interest them because they areemellevant to their everyday lives, and the
teacher designs activities so that students aextdd towards optimum learning through

social interaction.

However, some conceptual difficulties have arisenrelation to integrated curricula. As
Brodie et al (2002) point out, if a curriculum © address studentseedsas described by
Cuban (1993), two questions need to be asked; fidtat needs?’and secondwho gets to
decide what those needs are3ubjects with weakened boundaries have a dangesioiy
their subject-specific discourse (Bernstein, 19B&ylor, 1999 in Brodie et al., 2002). As a
mathematics teacher, | find this of particular camncin mathematics, as mathematics-specific
discourse is specialised (Bernstein, 1996). Manthas have reported the inability of
students to transfer knowledge from an ‘everydaya tformal context, and vice versa (Lave,
1988) (cf 2.5). There is a resulting concern thaegrated curricula will disadvantage

students, with respect to subject specific disaairBrodie et al (2002) comment:

“Therefore, a curriculum which focuses substanyiain the everyday, at the
expense of formal knowledge, is in danger of dengiccess to the disciplined
knowledge to the very people who have been deniadisit in the past{p.97).

Furthermore, weakened classification places ‘...&oltil demands on teachers...’, who will
require knowledge in many domains and who haveetoahstrate ‘...increased mediational

skills’ in the classroom (Brodie et al., 2002).

Student-centred pedagogy considers how “teachet$ f@ make links between students’
current meanings and new knowledge” (Brodie et 2002 p. 98). This activity is often

informed by Piagetian and Vygotskian learning theobecause constructivism has as its core
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the view that students construct new understandowally from prior learning either by
assimilation, accommodation and equilibration orotigh the ZPD via inter- and intra-
psychological interactions. Brodie et al also engd®that the teacher is active in his or her
facilitation or mediation role. He or she needsctmtinually ascertain where the student
currently is with respect to understanding andegiet up situations that promote cognitive
conflict for the student (Piagetian), or promotederstanding through the notion of
scaffolding (Vygotskian) (ibid.).

The third issue that Brodie et al identify is iqtersonal relationships. “Relationships of
respect and trust between teachers and learnersdigBet al., 2002 p. 96) are integral to
student-centred classrooms. When students do aotdachers they are more likely to feel
free to offer suggestions and opinions during ctas® interactions. Likewise, teachers
would listen to and acknowledge such offerings eegpond in a caring manner. In such an
environment constructive argument may flourish,dose teachers carefully consider what
their students are saying and encourage commumnicatills in a respectful manner, also

expecting respectful responses, during classroomersations.

To achieve effective student-centred teaching,téfaeher would need to consider all three
aspects of a student-centred approach. In so dsihg,would tailor his or her practices to suit
the conceptual level and age group of the studants,facilitate knowledge development in
the students’ terms. Brodie et al (2002) argue tibathing can be student-centred in form or
substance, or ideally, botforms are activities and classroom organisational sethps
teachers use. Thegan be student-centred; although a teacher could mmgxhé¢ student-
centred forms that are not student-centred in anlbst For example, a class may be given an
investigation to do, which is iform student -centred. However, the task may be ircteiédly
inappropriate for the students or scaffolded inappately, making thsubstancef the task

non-student-centred. Thsaibstanc®f student-centredness entails

“selection and sequencing of tasks in relationgarhers’ current knowledge and
providing for the required conceptual developmend isubject area...{Brodie et
al., 2002 p. 100)

A traditional lecture, which is not student-centredorm may have thesubstancef student-
centredness, due to the teacher encouraging, amdllgdistening to,and appropriately

responding to, questions from students.
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From a pedagogical perspective, the student-cemtt@cher would need to practice certain
forms to achieve thesubstanceof student-centeredness; and in so doing, woudtkase the

likelihood of the development of mathematical piad, which are the essence of
mathematical proficiency. In order to further ursland my students’ development and use of

mathematical practices, | move to an explanatiomostf | theoretically frame my study.

2.4. Theoretical Framework

Theories of learning arise from the desire to dbecand explain how people learn. While
theories are most crucially descriptive rather theascriptive, Cobb (2007) has described a
framework for merging multiple learning theories belp design and revise learning
programmes to facilitate learning. | found his dssion helpful for my study, because the
framework he has described has allowed me to utahetshow | can “analyse students’
mathematical learning that is tied to the classrasmuial setting in which that learning
actually occur[ed]” (Cobb, 2007 p. 30). In otherrd® | have a theoretical justification to
describe my students’ individual cognitive pracsi@athin a social setting. Like Cobb, | have

used more than one theory of learning to understtudients’ experiences of transfer.

2.4.1. Using multiple learning theories

For research purposes, when we choose a theorstaatipoint, we need to justify our
choice, which will “make it open to scrutiny anddliission” (Cobb, 2007). | intend to justify
the choice | have made to use multiple theorepeaspectives using the concept of pragmatic
realism (ibid.).

Theories of learning arise because of the attempinderstand and explain an observed
reality, such as whether and how learning takesepl@o more deeply understand learning, |
have found that | need to understand the philogspbi realism, and then pragmatic realism,
which explains how multiple theoretical perspediv@ay be used to describe learning.

Realism makes claims about ontology, which is theysof the existence of entities. Realism
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originates from Plato, who took a stance from alavoor life-view outside of an observed
situation and made deductions from that positiooualhe situation (Gunter, 1980). For the
realist, the world has a separate and indepenaeterce “in abstraction from man” (Gunter,
1980 p. 3). Therefore, mathematical realism, lilealism in general, would say that
mathematical entities exist independently of thendn mind. Thus humans do not invent
mathematics, but rather discover it. For exampléyua-sided figure exists outside of the

human mind. According to Gunter, many learning tlesohave their origins in realism:

“[Realism] dominated theoretical-pedagogic thoughitil about the first quarter
of this century, giving rise to one educational trioe or theory after another,
each the product of some closed world- and lifevwae other and claiming to be
scientific and valid"(Gunter, 1980 p. 2)

Epistemology is the study of knowledge and what banknown. According to Brodie
(personal communication), ‘the issue ... is less aldwether a reality exists or not, as to how

we come to know it'. Genetic epistemology, devetbpg Piaget,

“focuses on the activity of construction as the ggss by which the individual
learns, and by which knowledge is creatédérman, 1989 p.214)

For Piaget, the learning of mathematics was notceored “with valid or invalid
mathematical statements [which are ontologicalassof truth or reality], but with how the
individual gains that knowledge” (ibid.). Followirtgis idea, what is important in this study is
not ontology, but epistemology: not the definitiohreality but how we come to understand

what we observe and experience.

2.4.2. Constructivism

Constructivism is not only Piagetian. Both Piagetl &ygotsky rejected the behaviourism
and empiricism that were prevalent at the time rflaar, 1989; Moll, 2002). Vygotskian
psychology is also regarded as ‘constructivisthvatsocial and cultural emphasis. The main
difference between these two types of construcehiviss that Piaget describes construction of
knowledge as taking place internally prior to beingmmunicated socially; whereas
Vygotsky describes knowledge construction as beémegresult of internalisation of social
interactions (Moll, 2002).
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Constructivism has associated with its broad labehy different assumptions from both
epistemological and ontological viewpoints (MolQ@). Constructivism can be understood
in two broad senses. From an ontological viewpaonstructivism can be understood from a
postmodernist philosophical viewpoint as a reactigiainst the realist ontology; in which
“everything is constructed ‘all the way down” (MpR002 p. 19), and there is no absolute

reality. Such an epistemological view is diamethcapposed to realism.

In contrast, if constructivism is understood a$heoty of learning or developméntt does
not have to be opposed to a realist ontology, lsxdis perspective argues that there is a
reality of development, which can be described doystructivism This view can be consistent
with a realist perspective, as Moll (2002) so elaujly states:

“...there are two different strands within constrw@sim as social theory. [...]

Some versions regard everything as socially conttdi (and hence are anti-
realist) while others accept that there is a nogtabdomain of forces which also
need to be taken into account in understanding e, to what extent, things are
socially constructed (such forms of social condtvwigm are clearly not opposed to
a realist thesis) (p. 23).

From the viewpoint that constructivism can desctheereality of learning or developmeat,

knowledge of what is experienced may be constryudtetlit is neither absolute nor the only
way to explain what is observed (Moll, 2002). Thiisnay be understood that the level of
truth or absolutism may differ for different detions of constructivism as a realist theory of
learning. For constructivism as a learning theonowledge is understood as fallible:
“Concepts are public, as their meaning is their, @s®l so too is understanding” (Lerman,
1989 p. 221). In my study | view constructivism anway that that does not devalue the
significance of reality on learning, and | also sler the importance of the student’s

cognitive processes during the construction of Kedge.

Acknowledging the debate about whether construgtivand realism are consistent or not, |
align myself, together with Cobb (2007) and Moll0Q2), that they are. So | use
constructivism as a theory of learning and develepmvith a realist ontology, and also argue

2 Constructivism is not a theory of pedagogy, buy ia used very effectively to inform pedagogy (CobR07;
Moll, 2002).
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that knowledge is not absolute (Lerman, 1989). Tpsition incorporates the social
constructivist viewpoint which maintains that sorhat not all, behaviours are naturally and
not culturally developed (Moll, 2002). It is fronhmi$ constructivist position that learning

transfer is explored.

| also hold that from the constructivist perspeetie which | adhere there m® single valid
methodologyfor understanding how knowledge is acquired; dnd position has powerful
implications for my argument to use a multiple ttetical framework for my study. The
philosophy of pragmatic realism lends weight to wmyltiple theoretical perspectives may be

used to understand learning and transfer.

2.4.3. Pragmatic realism

Pragmatic realism explains how multiple theoretipatspectives may be used to describe
learning. Both constructivism (my understandingdascribed above) and pragmatic realism
assert that a universal theory that describes aereed reality does not exist (Cobb, 2007).
While adherents to a particular perspective migbliele that their viewpoint precisely
explains observed phenomena, every theoreticappetigse has its limitations; and when we
choose to use a particular perspective we have tiatety made a choice that will “reflect
particular interests and concerns” (Cobb, 20072p, lut not others. Pragmatic realism is not
concerned with defining a particular reality, buithwfallible truths of what is observed.
Peoples’ activities take place in the realities viihich they actually live their lives” (Cobb,
2007 p. 10). Therefore, instead of prescribing hosasoning and interpretation of
observations should take place, as is found irfi¢the of realism, inquiry is enacted by “flesh-
and-blood people and how they can use multipleasgilons to explain what they observe”
(Cobb, 2007 p. 11). In summary, Cobb (2007) arghas using multiple perspectives may
provide valuable insight for understanding the &g and learning of mathematics.

Before | relate the above argument to my studyilllexplain Cobb’s argument regarding the
use of multiple theoretical perspectives. Cobb {0@rgues that understanding how
mathematical reasoning develops may “feed backntorm [mathematical] instructional
design and teaching” (p.29). To accomplish thigrtakes use of the concept bifitolage,

as described by Gravemeijer (1994 in Cobb, 2009)p.2
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“[Design] resembles the thinking process that Law(®@985) characterises by the
French wordbricolage a metaphor taken from Claude Levi-Strausbrigoleur is

a handy man who invents pragmatic solutions in ficat situations ... [T]he
bricoleur has become adept at using whatever islabl@. The bricoleur’s tools
and materials are very heterogeneous: Some remain &arlier jobs, others have
been collected with a certain project in mindeémphasis original).

Developing a bricolage to understand my data velluseful because the study considers the
cognitive actions of individual students, but thesene students’ experiences and practices
are embedded in multiple social and symbolic emvitents. The study investigates the
experiences of my students as they learned in tWerenht study programmes: Foundation
Programme mathematics and first year undergradon&temation technology (IT). It also
investigates the extent of transfer of mathematicacttices from the mathematics domain to
the IT domain, which is often explained as a sedefisions an individual must make when
using pre-existing knowledge to solve novel proldehvith this in mind my study needs to
consider individual cognition as well as socioctdtiperspectives on learning; which means
that | need to be able to draw from multiple théoet perspectives. The difference between
the two perspectives | am using: cognitive andasive, relate to their emphasis on the

individual and the social.

2.4.4. Individual — social relationships

Some mathematics researchers focus on distinggiffetween individual and social learning
environments when they attempt to explain leari@gbb, 2007). However, this assumes
that the ‘individual’ is fundamentally the same stinct across all theoretical perspectives,
which is not so. | will restrict my explanation thfe individual to cognitive and sociocultural
perspectives, both of which | will be using as feamorks to explain my observations. In the
previous section | clarified that constructivismassociated with a range of perspectives
which share fundamental concerns but have somereif€es. Those in which | am
particularly interested are cognitive constructivjsprincipally developed by Piaget in the
1950’s and 60’s; and situated learning or situatednition, developed by Lave (1988),
Brown, Collins and Duguid (1989) and Lave and Wendgefore | explain how these
perspectives are useful for framing my researahilllexplain how the ‘individual’ may be

understood.
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For the researcher describing learning from a d¢ognperspective, the individual may be
described as an ‘epistemic’ student who is the esgmtative individual from which
knowledge about how students learn is gleaned,flaomd whom inferences about specific
students’ mathematical reasoning may be made (C20®7). According to the cognitive
tradition, which was principally influenced by Peglearning involves internal sense-making
by the student of the external environment, throufle processes of assimilation,
accommodation and equilibration. Such cognitiveruesuring, or genesis, is defined by the
student’'s own reorganising of existing knowledgeudtres into more sophisticated
structures (Olivier, 1989).

Social interaction is an important aspect of cagaitconstructivism, because although
understanding is constructed by the individual mthe construction is based on equilibration
through realisation of the presence of misconceptidrought about by social interaction.
Learning takes place through the processes of dgson and accommodation, which are
both co-ordinated by equilibration. Assimilationcacs when new information is similar

enough to existing knowledge structures, or schemfar it to be incorporated into the

existing schemata without being changed (Olivi&89). Accommodation takes place when
the student must adjust his or her schemata, tmfamodate’ new information (Nussbaum &
Novick, 1982; Olivier, 1989). Equilibration is tipgocess of restructuring existing knowledge
into more powerful knowledge structures (Hatand®6tlivier, 1989). It is possible that

new knowledge may be (probably will be) yet agamited in some way, requiring further

refinement. Equilibration, as a pathway to moreinef and sophisticated knowledge,
produces cognitive change through social interactiith peers and teachers.

Cognitive constructivism may be used to describe aspects of the learning of mathematics.
Firstly, mathematical understanding is recursivd amoves between levels of sophistication
(Cobb, 2007). That is, when students are novicesgarticular mathematical context they re-
formulate mental images of an activity specific éach context (ibid.). As they gain
proficiency they are more able to generalise anmun#étise their knowledge to make it

% Misconceptions are not always ‘wrong’ conceptiomserrors. Often they are valid interpretationsisting

knowledge applied inappropriately to new contexts.
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applicable across different contexts. The proficendent is able to manipulate mathematical
procedures, algorithms and truths across matheahationtexts and into novel tasks.
Secondly, cognitive constructivism helps the redear to understand how mathematical
reasoning is developed in specific mathematical alog) such as ‘number concept’ or
‘statistical reasoning’ (Cobb, 2007). The qualifylearning is described by the qualitative
increased sophistication of mathematical reasomirige specific domain (ibid.). If this is the
case, then cognitive constructivism can help menerstand how ‘mathematical practices’
(what proficient mathematiciando when using mathematics) (Ball, 2003) are used by
students in an undergraduate IT context. If mathieadapractices are used when students
solve IT problems then equilibration, assimilateomd/or accommodation may be identifiable

at this time.

Situated cognition refers to the social and contlegendent construction of knowledge, in
which ‘situations might be said to co-produce krexge through activity’ (Brown et al.,
1989 p. 32). This argument is in direct contrastntny teaching approaches which separate
knowing and doing because they argue that knowldatige is formal, abstract and de-
contextualised is more transferable (Brown et #989; Lave, 1988). Schools and other
formal learning institutions expect that knowledgened will automatically be transferred to
new learning situations or the workplace. In costraituated theorists argue that learning is
more closely tied to the context in which it wasrleed, and all learning is contextual
(Anderson et al., 1996; Engle, 2006; Lave, 1988&arhing therefore cannot be directly
transferred to another context, and the new sdoatequires significant modifications to
knowledge in order to be useable.

Brown et al (1989) argue that a concept that iblesa other contexts, like the meaning of a
word learned for the first time, is always “undemstruction” (p.33) because it evolves
contextual meaning every time it is used and besomereasingly densely textured. In
addition, concepts are only fully understood thtouge: using them entails changing the
user’s view of the world; and using them entails@thg the belief system of the culture in
which they are used (Brown et al., 1989). Using digeial sign is an example of such a
situation (e.g. Essien & Setati, 2006; Molina & Am$e, 2006). A school student learning

about mathematical operations for the first tim# winderstand the idea &+ 3=D to mean

“we must add 2 and 3 and get an answer”. Sincenmghasis is on the operation of addition
the equal sign is understood as a symbol thatf@gmproviding the answer to the operation.
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As the child moves through school grades he or structures (hopefully) original
conceptual understanding through use of the eggialiis new problem contexts. The concept

of D =2+ 3 should be understood in terms of the relationpkessof the equal sign, where

D represents something that is equivalent to ‘2. Bis relational understanding develops

texture when used in different contexts such aswsig that & +y)>=x*+ Xy +Vy* or

proving the identitytanx = %, or logically deducing that & = b andb = c, thena =c.
X

The beginner computer programmer develops furttmrceptual understanding of the
operational aspect of the equal sign when writirsgdn her first programme: to write on the
screen “Hello World”. The programmer uses knowledgéhe equal sign in a different way
from the mathematician, because although ‘=’ isaustbod as ‘do something’, it is also
understood as a symbol to be used for assigningnimgdo a variable. Therefore ‘=" can be

used to represent both numbers and text, as fallows

x = “Hello World”;
print(x);

The community of computer programmers will havepnablem talking about and using their
operational understanding of the equal sign in ¢bistext, but a mathematician who is not a
computer programmer may have difficulty participgtin the conversation. Although the ‘=’
sign is used in these different ways, it is impoirta realise that understanding its operational
meaning is crucially important before it can evolf@ther contextual meaning. A
sophisticated understanding of the equal sign reguflexible movement between the
different meanings — depending on context. The sappdies to conceptual tools, such as
mathematical formulae, which are used differenthyengineers and physicists (Brown et al.,
1989).

According to Brown et al (1989) teachers often heagncepts as isolated fragmented facts.
Alternatively, they can design ‘authentic activitighat relate concepts to others, bring
increased meaning to the new concepts learneds@amdake them usable in other contexts.
This has strong implications for knowledge transthnich is discussed in the next section;
but for now | want to emphasise that the theorgitafated cognition considers knowledge to

be shared and dynamic within a culture and a contex
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Understanding how learning takes place in the iddi&d and within a community in different
contexts is important in my study for understandiogy students’ experiences of my teaching
approach are related to their development of madiieal practices and whether and how

these practices were transferred to a new leagontext.

2.5. The Notion of ‘Transfer’

The topic of transfer has engendered much debaetbe years. | will discuss some of the
key concepts that relate to transfer, which incldeat is meant bytransfer, in the context
that it will be used in this studyhatis transferred?’; and the concept of transfer fuonere

to where Each of these key concepts opens a huge araemsedrch, opinion and argument.
My understanding has been shaped by the compdyasueall amount of literature | have
read and | am aware of the vast amounts of researdidocumented theoretical arguments
that are available, and how complicated the studiyamsfer is. | will discuss some of the
research reported in the past ten to fifteen yeaas how the learning theories discussed
previously have contributed to the transfer debRieading the literature has significantly
influenced my original understanding of transfeitbasng behaviourist or early cognitivist in
nature, to being influenced by an individual's pesgjnitive and social experiences, and the

community in which one participates.

2.5.1. What is meant by ‘transfer’?

Transfer may be broadly explained as occurring wipeior learning affect[s] new learning
or performance” (Marini & Genereux, 1995 p. 2), a® “the process of using knowledge
acquired in one situation in some new or novelasituin” (Alexander & Murphy, 1999 p.
561). Transfer typically involves the student, th&tructional tasks, the instructional context,
the transfer task and the transfer context (M&i@enereux, 1995). A list such as this could
be read without much further thought because ieappto be obvious. However, the debate
around transfer relates to these five elementshaisdoeen described as “lively” at times by
De Corte (1999), and “spirited” by Alexander and rply (1999) (for example, see the
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discussion between Anderson et al and Greeno irEtheational Researcher, 1996-1997,
volumes 25(4) and 26(1)).

De Corte (1999), in his introduction to a serieslistussions dedicated to transfer in th& 31
edition of the International Journal of EducatioRasearch, has indicated that the themes of
such debate include positions such as: that tradsks not occur (e.g. Detterman, 1993 in De
Corte, 1999 p. 556), that transfer only takes plzet®veen identical situations (e.g.Thorndike
& Woodworth, 1901 in Cox, 1997 p. 41-42), that sfam of general skills does take place
across diverse situations (e.g. Katona, 1940 andhé&iener, 1945 in De Corte, 1999 p. 556),
and that transfer of problem-solving abilities cha improved under certain teaching
conditions (e.g. Mayer & Wittrock, 1996 in De Cqri®©99 p. 556). In the 1960’s to 1980’'s
transfer studies were mostly associated with anviehgal cognitivist interpretation of
experiments (Lave, 1988 pp. 1-44). Transfer hasemecently also been argued from a
situative perspective, and described as ‘generalityproductivity’ by Greeno and some of
his colleagues (e.g. 1997), and by Lobato (200&) Bngle (2006) with respect to how

effectively situations or contexts may be relaeéach other by the student.

The literature suggests that there is no doubt délhdeast some ‘kinds’ of transfer exist.
“When confronted with a novel problem, humans alnabsays try to make sense of the new
situation and find a way to solve the problem vaitimcepts and methods they have learned to
use in other situations” (Hatano & Greeno, 19984y). It appears that positions taken about
transfer depend largely upon the theoretical l&nsuigh which one gazes. In the following
sections | discuss first, understandings albadutrecertain knowledge came from amdhere

it may be used in a new situation; and (2) undaditeys ofwhatis transferred, with respect

to cognitive and situative learning theories.

2.5.2. Transfer from where to where?

It is likely that a person asking questions aboanhgfer and all that it entails will begin by
wondering if what people learn at school is in amyy helpful for what they do in their

everyday lives or in the jobs that they do whenythave finished school. Many teachers
indicate that while students are in high schoolnes about geometry, trigonometry and
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many aspects of algebra, most of them are askiagtlgxhis question. De Corte (1999) states
that industry is “strongly interested in the trasbf learning” (p. 555), and according to
Simons (1999) the literature has extensively regbrransfer of schooled knowledge to
everyday life, as researched in instructional arghmisational environments. A well-known
example of such research includes Boaler’s three-yevestigation in two British schools,
Amber Hill and Phoenix Park, with respect to howsitpossible through reform-oriented

teaching to facilitate the use of mathematics in-achool situations (Boaler, 1997, 1998).

While much attention has thus far been directedatd# the transfer of knowledge from
school to everyday life, two other types of trangfeat need more investigation (Simons,
1999) are fronprior knowledge and skills toew knowledge in the same domaind from
newknowledge and skills taew knowledge in a new domakrom a cognitive perspective,
the question of transfer frorwhere to where takes into account the amount of overlap
between old and new contexts (Simons, 1999). Aelangount of overlap between transfer
settings can promote ‘near transfer’; where knogéets automatised or practised in a small
range of situations and used in similar situati@mversely, little or no overlap between two
contexts can promote the occurrence of ‘far trahgéeg. Simons, 1999), which can be best
described when the student is able to decontegtuald abstract recently-learned knowledge

and use it in a variety of new situations (ibid.).

As already stated, the questiongyhat is being transferréd, and ‘to what extent isit’
transferre®”, has been the topic of much debate. Historicalgnsfer has been described by
behaviourists, gestaltists, cognitive constructsvsnd situated cognitivists, and a few of the
main proponents of each theoretical standpointdiseussed below. Thereafter, | discuss
transfer from cognitive and situative perspectivemore detail, because it is from these two
perspectives that | analyse the data from my studgxplain transfer from these two
theoretical perspectives in terms of how it is usttedd, how such understanding influences

learning, and how teachers can promote ‘transféityaln their students.

58



2.5.3. Transfer of what?

The notion of transfer was first discussed in diétaiThorndike and Woodworth (e.g. 1901 in
Carraher & Schliemann, 2002; or 1901 in Lobato,808m an empiricist or behaviourist
perspective. Central to this rendition of transvess the understanding that the student
passively makes use of ‘identical elements’ of kieage from one situation to another
(Carraher & Schliemann, 2002; Lobato, 2006). Thix&dand Woodworth concluded that
transfer of knowledge took place when situationarath certain physical features, and that
students should therefore be taught only what waeldiseful to them in the real world or
work situation. For example, learning about Romammidrals would be left out of the
mathematics curriculum because it was not seeretapplicable outside of school learning
(Carraher & Schliemann, 2002).

Discussion in the second half of the 1900’s app¢arkave revolved largely around the
transfer of knowledge and skills, and was genenatigierstood first through a Gestaltist and
then through a cognitive lens. The gestaltists rdawgay from attempting to understand how
units of knowledge could be transferred from oreasion to the next and focused rather on
“understanding the structural features of the ta@Rarraher & Schliemann, 2002 p. 2).

However, experimental tasks were still fairly sinilin structure to those of behaviourist
experiments and instructions were given with thek ta order to aid the clarification of the

transfer that was to take place (ibid.).

Cognitivists investigated mental schemata that farened and adjusted during learning.
Lobato (2006) describes the altered understandirtgansfer that came with the ‘cognitive
revolution’ (p. 433). People were understood ton&touct mental symbolic representations of
initial learning and transfer situations” (p. 43B)stead of the transfer of identical elements as
described by Thorndike and Woodworth (1901 in Lob&006), transfer was seen to have
occurred if the symbolic representations were idahtor overlapping, or seen to be related
to each other in some way. According to Piagetnieg takes place through the processes of
assimilation, accommodation and equilibration 2c4.4.). With respect to knowledge transfer
any or all of these three processes would alsbelved in recognising the usefulness of
certain knowledge and altering understanding ofaibiglicability of the knowledge to a new
context. In so doing more powerful and richly teet internal knowledge structures are

developed, which incorporate the knowledge applectdwidening contexts.
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During the 1970’s and 80’s, transfer research vesdtdh great blow because although novel
problem solving experimental transfer tasks weezluyg appeared that unless prompting with
respect to the original tasks was given, transfedentified skills and knowledge did not take
place (Carraher & Schliemann, 2002; Lave, 1988)th¥g stage in transfer research tieat

of transfer was pre-defined, as an expectatioh@khowledge that was to be used in the new

situation; as was the experimental environmenthiclvthe transfer was being investigated.

More recently — in the last thirty years — learnhmgs been discussed on a large scale from a
more socially situated perspective, described bxel(4988), and Lave and Wenger (1991) as
‘situated in context’. Proponents of situated tiheoof learning have argued that one should
carefully consider the implications of the questibmnsfer ofwhat? Understanding transfer
using the lens of social learning theories meaasttiewhatis not a skill or an algorithm or
some other “unit of knowledge” (Hatano & Greeno99dp but rathethow people interact
with each other, or think “in interpersonal envimoents and with other informational
systems” (p. 647). That is, the emphasis moved ain@y the Wwhat from a cognitive
perspective to thenow from a situative perspective. Hatano and Greegoeathat if transfer

is being investigated from a socio cultural per§ipec one has to acknowledge that units of
knowledge are not “uniformly transferred from oniaion to the next” (ibid.) They have
also suggested that this understandinpa# transfer takes place should perhaps encourage
us to think about ‘productivity’ rather than ‘trdas; where productivity is understood as the
“extent to which learning in some activity has effein subsequent activities of different
kinds” (ibid.). It is apparent here that the foassnot on the unit of knowledge but on
participation in interpersonal relationships andations.

Therefore, cognitive and situative viewpoints anisfer differ considerably. The cognitive
theorist askswhat? and the situative theorist asksdw?. What is it about how researchers
investigate transfer that may result in these whbffie explanations of transfer? This is

discussed next.
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2.5.4. Cognitive transfer research

Cognitive transfer research takes place in a veocwired manner. The instruction, transfer
tasks and transfer environment are all designett wjitecific outcomes in mind and are
investigated as separate components of the traesfgeriment as a whole. The idea of
“experimenitis a remnant of behaviourist research, but st used to investigate transfer
from a cognitive perspective (Lave, 1988; Lobat®0&). Transfer research would be
conducted as follows: An aspect of students’ kndggewould be considered; after which the
research environment would be designed as the mediu which the transfer of that
knowledge could be measured (Simons, 1999). An plaof such a research design is that
followed by Roberts et al (2007) (cf 1.5.3.).

Salomon and Perkins (1989) suggest that “transfapt at all a unitary phenomenon. Rather,
transfer can occur by different routes dependerdiff@rent mechanisms and combinations of
mechanisms” (p.115). Their description revolves enam thehow than thewhereof transfer.
Low-road transferdepends on extensive, varied practice and occurghbyautomatic
triggering of well-learned behaviour in a new comteHigh-road transferoccurs by the
process of “mindful abstraction” of something ineonontext and application in a new
context’. Mindful abstraction entails the purpodefa-contextualisation and re-representation

in a new more general form (Salomon & Perkins, 19826).

Many theorists argue that transfer understood fagmarely cognitive perspective may neglect
understanding of the importance of social aspettsaosfer. Situative researchers such as
Lave (1988) and Lobato (2006) critique certain wiyw/hich transfer has been described by
suggesting that these descriptions have “decordbséd the transfer from the concrete
experience of the learner” (Lobato, 2006 p. 434suining that transfer is the application of
knowledge in a new situation, (e.g. Simons, 19%9)ggests that knowledge is theoretically
separable from structures in which it is developmd used” (Lobato, 2006 p. 434).
Furthermore, transfaasksthat have been designed have been seen to bepé&ndent of
students’ purposes and construction of meaningd.jiowhile transfeenvironmentsare often
not seen as an integral part of the transfer pepdrg as either supporting or interfering with
the process being studied (ibid.). When particldarning is not visible to the researcher, the

conclusion may be that the students could not feartke original knowledge (Carraher &
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Schliemann, 2002), or that some students exhidiettier or worse learning than others
(Boaler, 2000a).

Research has found that transfer is an unexpectattyphenomenon, when it is the subject
of cognitive experiments (Hatano & Greeno, 199%dto, 2006). In the first few chapters of
her book Lave (1988) focuses on these problematiclasions. Since Lave was one of the
first researchers to describe in detail the incsirsicies of transfer research, as well as to
argue a completely new perspective from which tdeustand transfer, | quote a portion of

her writing which criticises traditional cognitiveansfer research:

“All of this underscores the static quality of tisfer in experimental practice: it is
treated as a process of takinggaven item and applying it somewhere else. The
characterization of analogies as crystallized obgedollows partly from the
functional theory of transfer which treats cogniticas the literal, uniform
transportation of tools for thinking from one sitiga to the next. But its practical
origins lie in the normative orientation that guidthe construction of experiments.
For, so long as evaluation of subjects’ performancethe goal, and it is to be
achieved by comparison to an ideal view of corranterstanding, then the
experimenter must determine what will constituteremi problem solutions (as in
all the experimental studies described). The thek thecomes to get the subject to
match the experimenter's expectations. In thisasibm the target analogys a
preformulated, static object, and its unmodifie@ by the subject is the objective
of the exercise. As the experiments clearly dematast matching transfer
expectations takes considerable effort on the plbibth experimenter and subject.
It may be that this matching game — rather thamsfar — is the (unintended)
subject of these experimefip. 37-38) (emphasis original).

Thus, Lave (1988), Lobato (2006), Greeno and cgllea (e.g. 1997; 1999), and Engle
(2006), amongst many other authors, argue that rataeling transfer from a situative
perspective incorporates much more than the tran$fearious kinds of units of knowledge,
as seen from the cognitive perspective. In latponts Boaler redirected her interpretation of
her observations from an originally individual g@¥stive to a situative perspective, which
she claimed “has increased [her] understandingefrifluence that the classroom community
and the social and cultural processes that stenfroedthat community had upon students’
production of knowledge in different situations”dd@er, 2000a p. 114). Transfer from a
situative perspective, with respect to the studmmd the teacher, where learning and its

application in other contexts is explained, is dgsed next.
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2.5.5. Situative transfer research

A cognitive understanding of transfer highlightde toredominant thinking throughout the
twentieth century that transfer was, in a senga@esented by a linear progression of events,
where the student in some way makes use of prdyiemned knowledge to deal with
problems faced in novel situations. Transfer hasnbgrogressively understood as a multi-
faceted phenomenon, and thus requires more conmgdpbanations than those previously

used.

Lave, in her introductory work in the 1980’s andlg4990’'s (e.g. Lave, 1988, 1993; Lave &
Wenger, 1991) argued the multi-faceted nature ahsfer. According to Lave (1988),
learning is situated in a context, and is not Hgattansportable in its exact form to new
contexts. Reasons for this are that two situatemesnever exactly the same, and there are
many facets to consider in a transfer situationtHeumore, students find it very difficult to
“reconcile former experience with the informatianhand” (Carraher & Schliemann, 2002 p.
4). Research at this time moved into investigatiogv people used previous knowledge in
new contexts (notvhat knowledge), because it was apparent that theyeljoan previous
knowledge and experience to help them work througivel situations (Carraher &
Schliemann, 2002; Hatano & Greeno, 1999).

Brown Collins and Duguid (1989) developed over tiext few years a theory of situated
cognition; later to become a design for classrooactre, known as cognitive apprenticeship.
Explaining it briefly, it is through the individualactive participation and authentic activity in
the complex social structures of different commasit that learning takes place. Through
continued use of new knowledge and practices withiparticular context and within a
particular community the knowledge itself takesform and further meaning particular to
that community. For example, the activities of anoaunity of software writers are usually
indecipherable to those outside of the communigégabise the tools used by that community
(for example, the computer language and the progmam algorithms being used) have
specific significance. “The culture and the usdtobls] act together to determine the way
practitioners see the world; and the way the wapg@ears to them determines the culture’s
understanding of the world and of the tools” (p).33
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Transfer, also described as an ability to generdisrning, comes about by learning to
“participate in interactions in ways that succeeérca broad range of situations” (Greeno,
1997 p. 7). Greeno’s argument is entirely framea Isytuative understanding of how learning
takes place, with claims that “all instruction takglace in complex learning environments”
(p.9). According to this perspective knowledge hared and increasingly textured by all of
the minds and resources that are participating hat tsituation (Brodie, personal

communication). Each mind brings with it undersiagdideas, beliefs, and all of the social
and educational experiences that it has. Thusicgmtion in a learning community results in
knowledge being continually refined as it is beusgd by the community, and its broadening
use in different situations. If this is the casent the way(s) in which instruction is organised
plays a crucial role in knowledge production, anihwt, the enabling (or disabling) of

transfer (or generalisation).

The phenomenon of transfer is a complex one, asbbas described above, but viewing
transfer from both situative and cognitive perspest is beneficial to understanding the
context of my study. Earlier on | explained why rh aconsidering multiple theoretical
perspectives (cf 2.4.3.) to frame my study and xplan different perspectives of my
students’ learning. Below | explain how the chagdstics and the extent of any kind of
transfer can be understood as individual construbbssaccomplish this | will discuss the
student as the person ‘doing’ the transfer. Funioee, because all learning is situated and
knowledge is shared and co-constructed within angconity of practice, transfer is also
heavily dependent on situative aspects of bothpthar learning context and the transfer

context.

2.5.6. The student and transfer: A cognitive perspative

Without ignoring the debate with respect to transfdexander and Murphy (1999) argue that
certain “fundamental processes remain relativelystant” (p. 561) and are summarised as
follows from a cognitive perspective: Firstly, teder is more likely to be performed better by
experts and highly competent students than by stadeewly acclimated in their fields” (p.
562), who would be more likely to expend cogniteféorts grasping the original learning

than applying it. Furthermore, the student who ldigp less competence in the original
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material possibly lacks the strategic thinking fand even possibly the interest in, applying
the learning to novel situations. “Able performahappears to play a significant role in the

extent of the transfer that takes place.

Secondly, also from a cognitive perspective, sat&howledge appears to be, on the whole,
poorly transferred to new situations. Near tranggemore likely to occur than far transfer.
Fragmented mathematical knowledge, which is pro@y rather than conceptually
understood, has reduced potential for transfempeaally far transfer — across domains. This
is because the student does not recognise itscappity anywhere else other than the
immediate context. Even so, it is more likely th@nsfer will take place if students are
provided with strategies to recognise how they us@ knowledge in new contexts. Thirdly,
as an extension of the second point, AlexandeMungbhy explain that transfer will be more
likely to occur when the learning environment isténtionally orchestrated to encourage
cross-situation and cross-domain transfer and kkwach efforts” (p.564). Here, we are
looking at the facilitation of far transfer whicthey argue, requires long term instructional
commitment, as well as knowledgeable and dedidai@chers; as “instruction on this level is
very demanding” (ibid.). We find such a situationthe Phoenix Park school discussed by
Boaler (1997). In this situation the teachers wetally dedicated to reform teaching in the
sense that it was the only approach used by alh&ra in the school over a three year period.
The students, although resistant to the approadinsgtcame to recognise its value because
the mathematics they were learning at school wees tlhe mathematics they had to use
outside of school (Boaler, 1997, 2000a); alwahg maths was socially constituted over this

time as the full range of mathematical practicesussed earlier in this chapter.

Alexander and Murphy (1999) argue that transfer amébility to reason analogicdllgre at
least related processes, if transfer is not a apease of analogical reasoning. This is because
students whose abilities to recognise the simiéaribetween particular tasks or contexts are

limited will be unlikely to engage in competent pedural or conceptual transfer across tasks

* In analogical reasoning, an analogy for a givemthior situation is found, where the analogy is like given
thing in some way. E.g. This company is like alacse. It's run fast and won the race, and noweitds food
and rest for a while, or ‘hat is to head as glove to ..., written as hat:head::glove:?

(http://changingminds.org/disciplines/argument/typeeasoning/analogical_reasoning.htm)
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or contexts. While Alexander and Murphy spend aagaeal of time defining analogical
reasoning and its relationship to their understagaif transfer, | merely wish to bring to the
reader’'s attention the idea that generalisatioolires at least a competent understanding of
domain knowledge, motivation to use knowledge inrenthan the immediate context in
which it is learned, and a strategic ability toagweise where it may be used and how it may
need to be altered in order to work in the noveitert in which it has been implemented
(Alexander & Murphy, 1999). Refer to my earlier aission (cf. 2.2.1.) concerning the
importance of analogical reasoning as an aspeddaptive reasoning — it appears that
transfer and the practice of generalisation (pathe proficiency strand of adaptive reasoning
(Kilpatrick et al., 2001) are related through atdiean ability to reason analogically; which is

interesting, as these two research teams madedbsseents independently of each other.

2.5.7. The student and transfer: A situative perspxive

A situative theory of learning assumes certain wtdading of how the learning environment
is structured. Engle (2006) found that transfer viaslitated when teachers deliberately
framed, or “fostered intercontextuality” (p. 482) their teaching of biology to grade five
children. Greeno (1997) argues that gaining skitl &nowledge for its own sake should not
be encouraged in the classroom. Rather, instruati@ctivities should be focused on
“students’ contributions to broader social actesti (Greeno, 1997 p. 10) and the promotion
of “evaluation of goals and progress of learningvées”(ibid.); which should make their
learning more meaningful to them. When the stuti@sta sense of purpose in the content to
be learned, then transfer is likely to be faciéth{e.g. Perkins, 1992 in Alexander & Murphy,
1999). In addition, if an instructional programmemotes self and peer evaluation and
mental skills, such as questioning, conjecturingd arguing, then the students are taught
methods of inquiry as well as skill acquisition; ialh are beneficial to generalisation of

learned material. In situative terms, “general@dtican be synonymous with “transfer”.

In contrast, an instructional programme which cstssof pre-set practiced problems aimed at
the acquisition of skills, teaches students howdtoschool’ but little else. This was the case
in the Amber Hill school described by Boaler (19%f)d is also warned against by Alexander

and Murphy (1999) in their suggestions for institally enabling students to deal with
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future transfer situations. For the Amber Hill stats their mathematics was understood
within the context of the school community. Througging the mathematics in the way in
which they were instructed they adopted the belystem of the culture (school) in which the
mathematics was used (Brown et al., 1989), whichseguently influenced how they
understood the world with respect to mathematicsingy mathematics was “cue-based”
(Boaler, 1997, 2000a), and the cues entailed usiagnathematical content most recently-
learned to solve textbook problems on the samesobrdind recognising the graded difficulty
of textbook questions to answer problems (ibid.jthaut deliberately teaching the Amber
Hill students how to participate in a communitysahool mathematics users, through their
enculturation (Brown et al., 1989) within this commmity, these students became experts in
the community of school mathematics users (Bo&l@d0b), but did not use their knowledge

outside the classroom in other real-life contexts.

The Phoenix Park students also adopted the bgktd® of the culture in which they learned
mathematics, which was school. But in contrasts timathematics was useable in other
contexts because of the socially constituted waywhich they had used it at school. The
open-ended questions that they used as the taoledming had relevance in more than the
classroom and examination contexts, and the stedegrte able to draw from their classroom
knowledge in real life contexts. Boaler (1997, 280@iscusses the difference betwéemw
the students used their mathematics in differentecds from a situative perspective. It was
“differences in constraints and affordances betwthentwo settings” (p. 118) that made the
Phoenix Park students able and the Amber Hill sttedanable to transfer their mathematical
knowledge — not their lack of understanding of reathtics. Therefore, a situative
perspective considers differential use of matherabfpractices in different settings (Boaler,
2000a), where success and failure is not “viewedatsbutes of individuals, but as

specialised social and institutional arrangemetitave, 1993 in Boaler, 2000a p. 118).

2.5.8. Teaching for transfer

According to Hatano and Greeno (1999), who viewnga from a situative perspective,
transfer will occur fairly often if it is supportesbcioculturally. Since learning itself is heavily

dependent on interaction between other people@uid, tso too will transfer be dependent on
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these factors. Furthermore, since learning is maceessful when activities and interactions
are interesting and significant, so too will traarsbe more successful (ibid.). As far as the
student is concerned, the kinds of interactionsveen his or her capabilities and the
sociocultural context will influence firstly, wheth or not he or she is willing to apply

previous learning, and secondly, whether or not drisher performance is regarded as
successful transfer (ibid.).

If one considers that constructivist notions ofriéag also recognise the essential role of
social interaction for learning — but that the indual rather than the community is the focus
of the explanation — then the above argument rdisetlatano and Greeno applies just as
comfortably to the cognitive theorist as it doesthe situative theorist. What significance

does this knowledge have for the practising teather

Many authors have provided input concerning the rf the teacher in influencing the
possibility of transfer in the classroom. Alexandad Murphy (cognitive) (1999) suggest that
transfer will be facilitated when “helpful hints oues [are given to] prompt students when to
use trained knowledge or skills” (p. 563; ‘trainad’their word), and Hatano and Greeno
(situative) (1999) state that transfer is “depeng[en socio-cultural enablements” (p. 653).
Boaler concluded after her three-year-long researcthe two schools, Phoenix Park and
Amber Hill, that the inquiry-based approach that thachers at Phoenix Park used in their
classroom teaching “prepared students for the weald” (Boaler, 1998 p. 60). Lobato
(situative) (2006) explained the notion of “focugiphenomena”, as developed by Lobato,
Ellis and Mufioz (2003, in Lobato, 2006). Focusihgmomena are

“...the features of classroom environments that radyldirect students’ attention
towards certain (mathematical) properties or patiemwhen a variety of features
compete for students’ attention. They emerge nbt thimough the instructor’s
actions but also through mathematical language,tuiess of the curricular
materials, and the use of artefactyy. 442-443).

In investigating transfer from introductory compuggogramming, Salomon and Perkins
(1989) commented that

“high-road transfer [ ] depends on an instructionatyle that either provokes

students to abstract mindfully from the programmiogtext principles of greater

scope, or explicitly provides such principles arsswes that students thoroughly
understand them in their greater scod@’132).
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It appears that constructivists and situative tiseoragree that ‘transfer ability’ needs to be
deliberately fostered by means of dedicated protdesed teaching approaches— either in the
individual or in a classroom community — even thHoutheir research methods and
interpretations of transfer may be different. Aése researchers argue that knowledge should
not be gained for its own sake, because if it isemmeaningful to the student, it is more
likely to be transferred to other situations. Snideshould be given opportunities to
experience how knowledge and skills are possibles®in other relevant contexts. Alexander

and Murphy (1999) summarise this idea by stating,

“students should be engaged in meaningful, probbased activities for which the
knowledge and skills acquired are means for accismplent rather than ends in
themselves” (Alexander & Murphy, 1999 p. 563).

From a multiple theoretical perspective, studentsowexperience different teaching
approaches will participate differently, and theref develop different ways of knowing
(Hatano & Greeno, 1999). The instruction that stusleeceive can therefore be planned to
prepare them for transfer. By being aware of tthg teacher can plan lessons aimed at
helping students to realise when, where and how ta® use something newly-learned in
other situations — that is, to make knowledge aibks in other contexts. Through
meaningful discourse (e.g. argument, justifyinginola suggesting and evaluating ideas)
(Hatano & Greeno, 1999; Simons, 1999), engagenmemteianingful problem-based activities
and “mentally taxing reflection” that develops &ki{Alexander & Murphy, 1999; Hatano &
Greeno, 1999), and linking of fundamental concept®ther concepts and the real world
(Alexander & Murphy, 1999; Boaler, 2000a), studen&g be shown how to link new
information to what they already know and how toe utheir previous knowledge
independently. Teachers are encouraged by thekleraub model, promote and reward deep
conceptual thinking to promote transfer (Alexand&r Murphy, 1999), or foster
intercontextuality (Engle, 2006).

In summary, although approaches to the study absesent confirmation of occurrences of
transfer are different, pedagogic implications frahe different theories are remarkably
similar. Note that the outcomes of such approachasld be viewed differently by these
theorists as either facilitating transfer as anviidial aptitude, or as generative learning in
the classroom community. Through the teaching atrahat was used at Phoenix Park, the

students in Boaler’'s (1997) study had developedthaie¢f that mathematics entailed active
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and flexible thought [and] had developed the abiiit adapt and change methods to fit new
situations” (Boaler, 1998 p.57).

The opposite may also occur: if teachers practiseodnected, decontextualised, fragmented
instruction, infrequently discuss relationships westn concepts across domains, rarely
promote intercontextual learning, and promote Hhbka practice of procedures and
algorithms, transfer will probably be discouragatgnifested by the ‘failure’ of students to
transfer knowledge (Alexander & Murphy, 1999). Boa (1997, 1998) description of the
students’ learning at Amber Hill was an exampléinflexible, school-bound” (Boaler, 1998
p.60) knowledge that was of limited use. A key @apido discuss is therefore that of student-
centred teaching. In the next section | discuss th@anotion of student-centred teaching may
be linked with that of teaching for fostering tréers | suggest that student-centred teaching

approaches can effectively promote transfer, aagand on this idea below.

2.5.9. Links between student-centred teaching andansfer

In the previous section | explained how transfeectied teaching is considered by many to be
essential for aiding the student to know how to pam contexts, make analogies and
appropriately choose existing knowledge to use ammtify where necessary in new

situations. In this section | argue how a studemit®d teaching approach can be conducive

to making conceptual links between contexts, aedeflore, contribute to knowledge transfer.

| explained in section 2.3. how student-centrecthiey incorporates curriculum decisions,
interpersonal relationships between teachers amtests, and pedagogical decisions. It is in
the area of pedagogy where | argue that links batwsudent-centred teaching approaches
and fostering transfer can be made. Teaching terfésansfer was discussed in the previous
section, and the reader is reminded that the wayghich transfer may be understood depend
largely on the theoretical framework through whiohe designs research studies and
interprets the results of such studies. Althougmesaesearchers suggest that transfer is a
theory and not a problem to be solved by undergtgnd through other theories (e.qg.
Carraher & Schliemann, 2002), the majority of catrbterature explains transfer through

cognitive and socio-cultural constructivist or sifive learning theories. If student-centred

70



pedagogy “involves teachers acting to make linkisveen students’ current meanings and
new knowledge” (Brodie et al., 2002 p. 98), thename back to a discussion of how people
learn. Therefore, if student-centred pedagogy we®lteacher facilitation or mediation in

order to help the student to make links betweeor @id new constructs, as does teaching for
fostering transfer, then it is reasonable to suggleat student-centred teaching fosters

transfer.

It is easier to envision student-centred teachiogieiing near transfer, from a cognitive
perspective, because near transfer involves poondw learning in the same domain.
However, referring to my previous discussion abouwdking transfer possible through
deliberate reference to other contexts (Alexander Murphy, 1999), socio-cultural
enablements (Hatano & Greeno, 1999), and so deglsaiggest that student-centred teaching

can also foster far transfer. The following reskagpports this position.

Clarke et al (2004) investigated how a particularbpem-based learning environment, called
the Interactive Mathematics Programme (IMP) migffiluence secondary school children’s’
mathematical achievement and beliefs about theackar of mathematics learned at school.
Many exciting and significant findings emerged frdinis study. From an affective point of
view, the IMP students viewed themselves as morthenaatically able; they were more
positive about their mathematics classes; and #utyeved higher mathematics Scholastic
Aptitude Test (SAT) results, compared with childveimo learned mathematics in a traditional
learning environment (pp. 14, 15). A second setfinflings, based on the students’
perceptions of mathematics showed that IMP studemtie “significantly more likely to
perceive mathematics as a mental activity”, to vimathematics as “arising from individual
and societal need”, to “perceive mathematics asnhaapplications in daily use”, and to
believe that “mathematical ideas can be expressedVeryday words that anyone can
understand™ (p. 15). In contrast, traditional atre students tended to view mathematics as
“independent, absolute and unvarying” (ibid.). lddaion, IMP students tended to value
“interactive learning situations”, where writing dartalking were viewed as helpful to
learning; as opposed to traditionally instructeddcen, who viewed the material presented

by the teacher and textbook, and ‘drill work’ as path to mathematical knowledge (ibid.).

Clarke et al (2004) have suggested that students valve learned in an inquiry-oriented,

problem-based environment “can be expected to parfmore successfully on both
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conventional and non-routine tasks than studentking that experience” (ibid.); and
therefore, that “a problem-based curriculum is tégpaf developing traditional mathematical
skills at least as successfully as conventionatruoton” (ibid.). Boaler's (1997) study
showed similar results. The Phoenix Park studerts learned mathematics in a reform
student-centred environment were able to tackle-@eled mathematical tasks more adeptly
than their counter-parts from Amber Hill, who wetaught using a traditional teaching
approach, specifically towards achieving in the GC3®andardised examination. However,
the students from Phoenix Park were also able kaat equal the GCSE examination scores
achieved by those students from Amber Hill. Thes®lifigs indicate the ability of
progressively-taught students to use their mathealaknowledge in a wider variety of

contexts than do traditionally taught students.

From a pedagogical perspective, these examples Bhamcertainformsof practice achieved

the substanceof student-centeredness (Brodie et al., 2002)y ®&iso indicate that students
found these approaches of benefit to them in momexts than that of school; which
substantiates my argument that a student-centeathitey approach would also be likely to

promote students’ abilities to transfer their knegde to new situations.

2.6. Conclusions

Drawing from multiple theoretical perspectivesnfrgtudies of student-centred teaching, and
from recently-formed understanding of transferavé reported suggestions that near and far
transfer may be facilitated through “fostering netentextuality” (e.g. Engle, 2006); which |
suggest may be best facilitated through a studemired teaching approach. Cognitive and
situative theorists understand learning from ddferperspectives, but the need to explicitly
teach mathematics so that transfer may be made axdievable is promoted by both

theoretical viewpoints.

My study investigates whether challenging matheraationtent can be taught and learned in
a student-centred tertiary environment, so thatlesits can become more mathematically
proficient and use mathematical practices in sulrseignon-mathematics study. My research

attempts to make further inroads into understandiagsfer of mathematical practices into
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the domain of undergraduate information technoldgefer to my research questions, listed
again below for the reader’s convenience. The wgr@ind ordering of the questions alludes
to my hypothesis that student-centred teaching ptesntransfer, and my study investigates
the accuracy of such a belief.

To what extent are students aware of differencesesching approaches between
Foundation Programme mathematics and undergradtuatg?

To what extent do students believe that their egpees of the teaching approaches in the
Foundation Programme mathematics class have heélgad in undergraduate study in

other courses?

In what ways are the mathematical practices taumgtite Foundation Programme used in
undergraduate study in IT?

The first two questions investigate firstly, theidgnts’ awareness of the kinds of teaching
approaches used by their teacher (me) in the FoiondBrogramme; and secondly, whether
or not they thought that the teaching approachatsthiey had experienced in the Foundation
Programme had prepared them for undergraduate stadygh to consciously use the
mathematical practices they had developed. Thd thiestion investigates actual instances of
transfer and seeks to link what the studeaid they used or did to what they warybserved

to do — regardless of their own awareness theréathey demonstrated verbally their
awareness of the student-centred approaches liedieved | had used, then the question that
would be most interesting to find an answer for ldobe whether or not this teaching
approach promoted transfer. Actual demonstratiath®fuse of mathematical practices would
be a persuasive indication that the practices lead transferred to their study in IT.

The next chapter describes the research design.niatieodologies were used; namely, focus
group interviews and task-based interviews. The sgts of data are then reported and

merged to provide some answers to the researchigues
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CHAPTER 3

RESEARCH DESIGN

3.1. Introduction

The study is qualitative and is situated in anrpregtivist paradigm. According to Merriam
(1997), qualitative inquiry

“focuses on meaning in context, [and] requires d@adeollection instrument that is
sensitive to underlying meaning when gatheringiatetpreting data”(p.1).

Quialitative inquiry does not depend on large samatel statistical evidence on which claims
are based (Opie, 2004); rather it focuses on irgerand observation data (ibid.) to provide a
rich description (Merriam, 1997) of a particulangp of individuals. For this purpose | report
a case study; whereby a case is “a single entitypibaround which there are boundaries”
(Merriam, 1997 p. 27). For this case study | hasedutwo instruments of enquiry: focus
group interviews and task-based interviews. Witlerence to the research questions, it is
clear that the evidence gathered was subject wests’ descriptions of their experiences
(Babbie & Mouton, 2001) of the Foundation MathemstiProgramme and of their

undergraduate studies and how they solved taskisyansubsequent interpretation of what
they said and did in the interviews.

This chapter describes the research design usdatida@tudy: methodology, sample, research

context, research instruments, rigour, data catiactata analysis and ethical considerations.

3.2. Methodology

3.2.1. The approach used

| made use of a case study methodology to answeaesgarch questions. The case study has
been described by Babbie and Mouton (2001) asiftfemsive investigation of a single unit’.
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In this case the unit was a group of students torwh taught Foundation Programme
mathematics, and the case is a case of studentiexpes of different teaching approaches
and transfer of mathematical practices in a tert@rvironment. Many authors of qualitative
research methods argue that a case study investiganultiple set of variables, which leads
to a ‘thick’ description of the subjects’ experiesdBabbie & Mouton, 2001; Cohen, Manion,
& Morrison, 2000; Gomm, 2004; Merriam, 1997), anbene the reader can experience the
world from someone else’s point of view (Gomm, 200%s such, the purpose of the case
study was not to produce generalisations, but tovipe the reader with a rich description of
social life” (Gomm, 2004 p. 13). Through focus grand task-based interviews | was able to
gain some insight into the experiences and pract¢dhe students in the sample. Defining
characteristics of case studies have been outlneduthors such as Lincoln and Guba
(1985), Merriam (1997) and Cohen et al (2000). Ehbbhave discussed below are features

that pertain especially to my study:

1. Case studies are concerned with a rich and vivetrg@ion of events relevant to the

case.

The data was analysed with respect to what theestadn the focus groups said they
experienced when | taught them and what they wenegdand experiencing in their
first year of undergraduate study. They were vitlgged whilst doing IT tasks, in
order to ascertain which mathematical practicear{if) were used to solve the tasks.

Extensive notes and comments were made duringssalfthe video recordings.

2. Case studies blend a description of events whegnateeanalysed

The focus group interviews gave me an understandinifpe students’ experiences
while they were studying with me. Thematic analygiewed me to identify common

experiences and opinions, as well as possible epsitliThe task-based interviews
allowed me to observe the mathematical practices tthe students were actually
demonstrating, in addition to what they said thegdi The video-recordings of the
task-based interviews allowed me to watch and pkgk and note any mathematical
practices used by the students as the tasks wetedcaut. The two sets of interviews
were very useful in marrying experience with perfance, and allowed me to give a

rich description of the situation.
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3. Case studies focus on individual actors or groupactors, and seeks to understand

their perceptions of events

Through focused interaction with a few select imdlnals | was able to gain insight
into the specifics (Merriam, 1997) of their expades and practices and obtain further
understanding of how they used mathematical pretic first year undergraduate IT

studies.
4. Case studies highlight specific events that aevegit to the case

As | stated at the beginning of this section, “tlase is a case of student experiences
of different teaching approaches and transfer dchemaatical practices evidenced in a
tertiary environment”. Therefore, the questions a&asks given to the participants
were designed to highlight these experiences amagdtipes, so that | could gain

understanding of the case as a whole.

3.2.2. Rigour concerning case studies

Rigour in research deals with ‘... presenting inssgirtd conclusions that ring true to readers,
educators and other researchers...” (Merriam, 199§:18he phenomenon afgour has
often been explained as an elementra$tworthinesge.g. Lincoln & Guba, 1985; Merriam,
1997; Opie, 2004), oralidity, reliability, verisimilitude, plausibilityr relevancgFreeman et

al, 2007). Qualitative research has been vieweh&yy researchers as untrustworthy because
it is not standardised, and hence diminishes tleewattability of the researcher to his or her
audience (ibid.). However, those involved in quadite research have made valuable inroads

into defining rigour within this paradigm.

The well-known work of Lincoln and Guba (1985) hmesen cited by many authors involved
in qualitative research because it describes iaildedw rigour in qualitative research differs
from that of quantitative research. The terms tigfi and ‘reliability’ are problematic, as
they originate in the quantitative paradigm. Lintaind Guba place emphasis on aspects of

the research such as whether or not the intervigare validly and reliably constructed,
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whether or not the content of documents such asviletv transcripts were properly analysed,
and if the conclusions of the case study depend upe data. Internal validity for the
qualitative researcher looks at how well the redeaeport represents the situation being
investigated. Findings are always presented thrahgheyes of the interpreter, who always
changes the reality of the event in some way; anahly case, reality can never be fully and
accurately represented in a research study. Theref@lidity, ortrustworthinessmay be
strengthened by allowing the research to be scdsetin so as to make its interpretations
believable. Interpretivist research does not ugualhke claims to generalisability, because
the researcher wants to understand the details pafrizcular case, not attempting to make
inferences about a general population. In additishile the researcher is not necessarily
distanced from what is observed in a traditionakse objectivity lies with the actual data and

whether or not the data are “confirmable”.

Merriam (1997) also states that validity in quaite research involves ethical considerations.
Opie (2004) generalises validity more, as ‘... thationshipbetween a claim and the result
of a data-gathering process’, while Maxwell (19¢92fines in detail five different types of
validity that can be found within qualitative stadi Validity in my study will be measured
according to the description of Maxwell (1992): tmararly ‘descriptive’, ‘interpretive’ and

‘theoretical’ validity.

“Descriptive validity” deals with the researcheidpenness in relaying the primary data
obtained. For my research much of what is conclusl@th analysis of interview data. | argue
that what follows renders descriptive validity ty study. Firstly, the focus group interviews
and task-based interviews were audio- and videorded respectively. All written material
was used for reference purposes, and all mateaalkept on record. Secondly, patterns and
agreement in my data were addressed by continecainzads and sideways reference to the
transcribed data and notes made from the videadlgags of the focus groups and task-based
interviews respectively (Babbie & Mouton, 2001; Mam, 1997). “Interpretive validity”
describes my interpretation of the raw data | nesifrom the data collection process.
Categories were designed which were an interpoetaif the statements made by the focus
group respondents. Interpretive validity was maingd by my use of exemplary quotes from
the original data to support an observation omelanade. Maintaining “theoretical validity”
was an important consideration in my study, as tbsearch design and subsequent

conclusions were made with respect to the thealefiameworks which informed my
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research: namely, that is, the development andsfeanof mathematical practices was
investigated with respect to a combination of cbgeai constructivist and situative

understandings of learning.

Lincoln and Guba (1985) suggest that the telependabilitybe used in qualitative studies,
rather than reliability or repeatability, becaulse subjects in a case study are not likely to do
or say the same things twice. Nor are two diffeiamestigators likely to follow exactly the
same investigative pathway. Traditionally, relighibr repeatability was a pre-condition for
validity. Guba (1981 in Lincoln & Guba, 1985 p. 31lérgues that demonstration of
trustworthinesshould establisdependability but that this argument on its own is weak, and
dependability should be demonstrated as stronghpasible. An audit of the research process
to establish dependability, as described by Lincaimd Guba (1985), was made on a
continuous basis by my research project supervesd, | list the components of the audit
process briefly: (1) Detailed discussion of thepm®ed research took place. (2) Formal
agreement of the officially-presented proposed aese was made, and included ethical
considerations, and proposed logistics of the ptpf@) Confirmation of the trustworthiness
of the data collection analysis and interpretatiwas made; and (4) Feedback and re-

negotiation elicited a final report of the research

In terms of this research, issues of bias wereeptesnd need to be accounted for. Lincoln
and Guba (1985) describe ‘credibility’ in reseansfjch maintains that research findings are
not derived from the bias of the researcher. Winay irgue is not that the researcher does not
influence, or is not influenced by, his/her respamtd; but that pre-formed ideas that the
researcher may have, or judgements made too dawiyt #he data have been avoided when
the research is interpreted and reported. In adgithegative, as well as positive aspects of
the research should be shown to have been condidenes has relevance to my research, as
firstly, | was of the opinion before my data cotiea began, that my teaching approach was
student-centred, and that of tertiary educatiotulecs was teacher-centred. It was necessary
to ascertain through the data whether or not taesemptions were correct. Careful reference
to theoretical discussions of student-centrednebkfiewinterpreting students’ comments
brought me to the conclusion that my approach weedd largely student-centred, but that
the approach of some of the IT lecturers was disdest-centred. This is discussed in more
detail in chapter 4. Secondly, and related to trs¢ point, | might have felt uncomfortable

with my data if it had shown that my teaching was student-centred, or that the students did
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not learn or use mathematical practices when gstgdyirst year undergraduate IT.
Continuous honest reference to theoretical andyacal frameworks, as well as rigorous
thematic analysis (cf. 3.6.) during data analysid @terpretation (Hitchcock & Hughes,

1995), discouraged mis-reporting or leaving outatieg findings.

Thirdly, many of the focus group respondents mayehaanted to tell me what | want to hear
in order to please me, because we had a good wgpr&lationship when | taught them. | had
to take care that my interview questions were askexich a way as to obtain opinions from
them that were as honest as possible. To do thisclssed aspects of their experiences in
different ways in a single interview, so that thexperiences and views could be related in
different ways, and contradictions would be motelly to be detected. Fourthly, while
qualitative research is more likely to work withrposeful rather than random sampling,
selecting my subjects had the potential to add twasy research. | had to be careful not to
select only those students who would give me tBpaeses | wanted to hear. | addressed this
by selecting subjects who were likely to give méeiasting feedback, but who did not
necessarily appreciate my teaching approach dirttee In addition, before the start of each
focus group interview | stipulated to the studetitat | needed total honesty from them

concerning the questions | asked them.

3.3. The Sample

The students who participated in the study werergmibe 2006 Foundation Programme
mathematics cohort and were in first year undengatal study in Information Technology,
sub-majoring in Computing or Business Systems atdgb South Africa in 2007, when data
were collected.

| taught two different sets of students in 2006e Tinst was a small group of seven, and the
second, a larger group of thirty-two pre-IT studerithree students from the smaller group
originally took part in interviews to provide pilatata; but the data were subsequently
incorporated into the study findings. Both setstoidents were exposed to the same teaching
approaches in my mathematics classroom. Both graugpe studying the same six first year

undergraduate non-mathematics core subjects im I1Z0D7, with their other two subjects
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being non-mathematics ‘electives’. As will be dissed in the next section, there were two
methods of data collection: focus group interviend task-based interviews.

Purposive sampling was used to select the resptsdehis is because | needed to identify
“good respondents” (Merriam, 1997 p. 85), who cd@xipress their thoughts, feelings [and]
opinions — that is offer a perspective — on thectdgeing studied” (ibid.). Students were
selected depending on how much | thought they mydnticipate in the focus group

discussions — those who | thought would readilyuatgéer thoughts and opinions about my
questions were asked to participate. Not all thdestits who learned mathematics with me in
the FP are still studying at MSA or doing IT, anéres therefore left out of the selection

process.

The focus group interviews consisted of four fogusups, of three students each. Originally
it was planned that four students should takeipagtich interview, but it turned out that each
time an interview was run, a student was not ableattend that day. According to
constructivist and participative theories of leajias described in chapter 2, learning takes
place in a social environment. The theoretical frework that | used was hbricolage of
theories based on learning through social intesasti Thus, for the task-based interviews the
students worked in pairs, specifically because they an opportunity to prompt each other.
The students who patrticipated in the focus grotgrunews were originally asked to take part
in the task-based interviews. However, a few ofntheecame too pressurised by study
commitments and | asked others from the same lgrgep of 2006 students to participate
instead. Everyone except one person attended skebtsed interviews. A student from the
pilot group (Tungamirai) was asked to take the abgerson’s place because he was on
campus at the time and was available, and he waarily student to have done all four of the

tasks.

3.4. Task Preparation

Originally the tasks were given to me by the leetsrof the first year core IT subject
lecturers. | had requested that doing the tasksldhrequire mathematical practices such as

using mathematical procedures, understanding/exptaiconcepts; questioning; disagreeing,
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using strategic thinking and decision-making, reusigg patterns, generalising, justifying
claims, and using graphical and symbolic represiemta(cf. 1.2.; 2.2.2.), and the lecturers
had considered these requirements when they gavbariasks. Many of the tasks were very
long, and the lecturers did not fully understand thathematical practices | was trying to
elicit from the tasks. | did not know enough abth# tasks to work with them myself. Jo&o, a
third year IT student, who had not only been onengfmathematics students previously in
the Foundation Programme, but had also been amgator of the respondents while they
were in the Programme, helped me with task prejparaOnce | obtained the tasks, Jo&o
worked through them, and with my guidance concernime eliciting of mathematical
practices, selected, re-wrote, edited, and shadtémam. He and Alain, another ex-student of
mine and also a tutor-mentor of the respondent®) plovided worked solutions to the
finalised tasks. Jodo and Alain spent a few houith we discussing the mathematical
practices embedded in the tasks, while | probedasgded about the intricacies of the tasks
and how mathematical practices might be used im fodution. | was satisfied by the time |
had finished the task preparation that after theettof us had worked through and discussed

them, the tasks were usable for the interviews.

3.5. The Pilot Study

| ran one pilot focus group interview. The grougluded three students from the smaller
2006 Foundation Programme group. The interview fanabout ninety minutes and the
students informed me that they were happy to spleatdime with me because they found the
discussion interesting. Thereafter, the other nedpnts were told that the interviews would
take between sixty and ninety minutes, to whiclagheed. Because the pilot focus group was
successful | made no changes to the focus growgvietv schedule and used the pilot

interview as part of the reported data.

For the task-based interviews | would have neededpilot studies, as only two of the four
tasks would be done in one interview. Only onetplndy was done, with two of the four
tasks. Too few students had agreed to participatihese interviews due to increased first
year work load, and | needed all of them to pgtite. The fact that Jodo did the tasks with

me and commented on them as a student, acted ssudgpilot interview and gave me an
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idea of how long the tasks would take and how diffi the first year students might find
them.

The task-based pilot interview checked firstly, thiee the tasks were done in a similar way
to how Jodao or Alain did them. | had to have amaidetudents’ thinking was at all similar to
that shown by Jodo or Alain. If this was not theezavhy was it not so, how was the thinking
different, and would this be a significant probl@msubsequent interviews? Secondly, how
important was it to pre-design the questions that Jodo would ask while the tasks were
being completed? It turned out that some of thehsmattical thinking and task analysis
shown by the participants took unexpected pathwayd,that the interview questions would
be more helpful if they were unstructured and askird what was being done in that
particular interview. Jodo’s presence in the in@mg helped in this respect because he was
able to analyse what was being done at the timeveor#t with the respondents’ current

thinking, rather than what was pre-planned.

A negative aspect of the task-based interviews thas fact that doing the tasks took
considerable time to complete. Potentially, doimghetask well (except for the computer
systems task) would require hours of work. | ha@ltow the respondents to do as much of
the task as was possible for the interview, buttbadatch the time and cut it short. Allowing
thirty to forty-five minutes per task would allow emto observe whether and how
mathematical practices might be used in IT. Joad Afain advised me that observing
students planning and explaining how the tasksdcta done would provide this insight.
They made this judgement because they had don¢astks and we had discussed them
thoroughly. Moving into implementation of the plamgp would require more specific IT
practices, and would not necessarily provide furihéormation about use of mathematical

practices.

3.6. Data Collection

Because a case study purposefully works with alsmiahber of respondents, methods such
as focus group interviews are reasonable ways thlegag evidence that provide rich data
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(Opie, 2004). The two sources of data | used forstagy were focus group interviews (e.g.
Merriam, 1997) and task-based interviews (Gold897).

3.6.1. Focus group interviews

| led four focus groups interviews, and | had theundio recorded for subsequent coding. The
focus groups considered areas of consensus argteksaent about what was experienced in
the Foundation Programme mathematics classroorticydarly with respect to the Math B
unit (see Appendix A); as well as what was beingesienced currently in undergraduate
study. The interview questions were semi-structuard followed guidelines suggested by
researchers such as Opie (2004), Babbie and Md@@dl), Neumann (1994) and Fraenkel
and Wallen (1990) and are shown in Appendix C. &lstidents participated in each focus
group and each interview lasted for sixty to nin@iputes.

In the discussion that follows, | briefly outlinkeet disadvantages of using focus groups as an
instrument of case study research, and address. tireaddressing the disadvantages | justify
the use of focus groups for data collection in 8tisdy. Focus groups have been criticised
because they tend to take place within “unnatuweias settings” (Babbie & Mouton, 2001 p.
292). Also, the likelihood of respondents influergcieach other and themselves during an
interview is strong (Gomm, 2004). However, socidéraction produces negotiated meaning
(Babbie & Mouton, 2001; Patton, 1990 in Merriam91) that is most likely inaccessible
when interviewing individuals (Babbie & Mouton, 200 Therefore, as long as such
influences become explicit in the reporting of ttega (Gomm, 2004), this possibility is not
necessarily disadvantageous to the research. Glisapssion tends to generate ideas new to
individuals, resulting in data different from thatbtained from individuals (Gomm, 2004). |
used focus groups to find out how my ex-studenfgesgnced their learning, as a socially
negotiated activity, in my classroom, compared whht of their undergraduate courses.
Using focus groups allowed me to “observe intecactin a topic” (Babbie & Mouton, 2001
p. 292). Furthermore, as Morgan (in Babbie & Mouyt2001) states,

“Group discussions provide direct evidence aboutilsirities and differences in
the participants’ opinions and experiences as opgdogo reaching such
conclusions from post hoc analyses of separatersiatts from each interviewee”
(p. 292).

83



Being aware of other disadvantages of focus groalpsted me to possible bias when
interviewing the students. Focus groups are ususdgi-structured, with many of the

questions to be asked formulated beforehand; githegesearcher strong influence over the
questions asked, the direction of the interview #mel conclusions drawn (Opie, 2004).
Another disadvantage of using focus groups is tifahot being able to investigate the

opinions and experiences of respondents to the siapit or detail as working with a single

interviewee (Babbie & Mouton, 2001).

However, advantages associated with focus groupSneet to my study counter these
disadvantages. Firstly, it is possible to glearargd amount of information on a particular
topic in a short period of time, because a groupresfpondents will provide a lot of
information (Bell, 2005). Too many respondents ire @roup would have made the group
difficult to manage, and would also have limiteé stmount of useful information that could
be obtained from the interview (Babbie & Mouton 02D A smaller group of respondents
allowed me to manage the interview better, whig®o dleing able to broach certain questions
more deeply, and elicit a response for each questoon every respondent (Merriam, 1997).
Running more than one focus group allowed me tainlysich information in order to obtain
new insights from a larger number of respondeng tirom one group only (Babbie &
Mouton, 2001).

In addition, although focus groups may take placan open-ended conversational manner, |
was still able to direct the questions towardsdine of the study (Yin, 1994). | have shown in

Appendix C how the questions | asked in the foaasijgs specifically addressed the research
guestions. The use of focus groups allowed me abegany interesting comments made by

respondents that | had not originally included winterview question schedule.

As expected, a few students arrived late at thervigws (Merriam, 1997), and each time an
interview took place one student did not arrivalbtor one or another reason, so reducing the
possible data obtained from a focus group and plyssieakening the analysis. In addition,
certain respondents were not as talkative as others

All of the above issues are part of a decision tizat to be made: a focus group should not be
too large, as large groups prevent detailed inftionarom being gleaned. However, if the

group is too small, and one or two respondents atoarrive for any particular reason, the
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effectiveness of the focus group is diminished hBssues were applicable to the organisation

of my focus group interviews.

3.6.2. Task-based interviews

Task-based interviews (Goldin, 1997) were used ualitatively investigate the use of
mathematical practices in non-mathematics undevgtadcourses. The first year IT students
all studied the compulsory ‘core’ courses of ‘CorgpuProgramming I', ‘Computer Systems’
‘Networks and Data Communications’, and ‘IT in Qngations’. The first three of these
subjects are deemed mathematical in nature andreegntering undergraduate students to
have a mathematics background (this was stipulatdde course requirements booklet for
new students). Mathematical content only in themfoof basic algebraic concepts was
required in these subjects, and included set motagplace value, simple and compound
interest, and symbolic representation, to namewa féowever, abstraction and problem-
solving ability were also required to a great degrand | supposed that the mathematical
practicessupposedly gained in a foundation mathematicsseotor IT should be at least as
important for the students to master as conceptualderstanding theontentof such a
course; which is one of my reasons for undertaknmgstudy.

Task-based interviews are valuable as a reseasttuinent because the information obtained
using such an instrument allows the researchenswer central questions, such as “what
long term consequences are innovative teachingadsthaving for [students’] mathematical
development?” (Goldin, 1997). Observing and inmng students performing first year
computing tasks was helpful for understanding ardpginting whether and how
mathematical practices were useful in these comgutourses. The task-based interviews
were chosen as a research instrument, becauseptbeyled information about how the
students could use mathematics when doing varibtigsks. Doing tasks allowed students to

actually demonstrate mathematical practices, assggpto merely talking about them.

The IT tasks have been briefly explained for tha-io reader, as well as the mathematical
practices embedded in them in Appendix E. Becausdasks were examples of what would
be given to the first year students, they were catrived and were realistic in their
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expectations of the first year IT student. Therefdnstead of the task being specifically
designed to elicit demonstration of mathematicatpces, these tasks were set as they would
be for the first year student, and analysed acongrthh the mathematical practices students
needed in order to accomplish them. Because of thes accompanying interviews were
unstructured, as it was difficult to predict hove tstudents would approach the questions, or
what mathematical practices they would use to dddkks.

Four IT tasks were used for the study. One camen filie Networks and Data
Communications 1 unit, a second semester unit, dahe“networking task”. Another came
from the Computer Systems unit, called the “compsystems task”. Through a few previous
informal conversations | learned that many firsarystudents found this course difficult. The
other two tasks were set by the Java programmutgrier, based on the Java | unit. Although
they were both set in Java they possessed difféeatires (see Appendix E). The first was
called the “prime numbers task”, and the secondaa#ied the “banking system task”. These
two tasks implemented fairly high level use of Jaegause the students had completed the
course in the first half of 2007; although all haat necessarily passed it. The students in the
sample were studying mostly second semester ITsesuat the time of the interviews. Those
who failed Java | would be able to continue witba® semester subjects (except Java ll),
and had to repeat Java | in 2008.

The students did the tasks in pairs and there s&ven-task based interviews in total. Since
the tasks were time-consuming, all four tasks wertedone by all the participant groups but
were divided between the groups. Three pairs afestts worked on the first two tasks. Four
different pairs worked on the second two tasks. fits¢ of these was the pilot study pair,
whose interview was included in the data analysigh a few exceptions, the students who
participated in the focus group interviews alsatipgrated in the task-based interviews. The
data collection took place over about four weels| had to find times in the day that the
students did not have to attend other classes.ifiteeviews were video-recorded, so that
facial expressions, silences and gestures, as ageltliscussion, could be recorded. The
students were requested to ‘think aloud’ at alkesmin order to aid me in identifying the kind
of mathematical thinking that was taking place. ilierviews were conducted in English,
although English was an additional language forball one of them. On occasion students
noticeably struggled to express themselves, but wgven time to explain themselves

thoroughly.
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The students were mostly left to do the tasks withmouch interruption from me, although |
asked questions and occasionally voiced issuesy Weee asked to discuss their thinking
with each other as much as possible, so that dcdakify what mathematical practices were
being used by listening very carefully to what tiseyd. | also interjected with questions such
as ‘What are you doing now?’; ‘Why are you doingtth ‘Why did you choose to do that?’;
‘How do you know that is what you must do?’; ‘Whsadrt(s) of problem(s) are you facing
here?’; and each pair was asked at the end ofititeiview what kinds of mathematics they

thought they had needed to do the tasks.

Joéo also asked more IT-specific questions, sudhysu have decided to de what are the

implications of that decision on your design?’. Tperticipants sometimes spoke to Jo&o,
rather than me, because he was more IT profichent t was. This was helpful, because it a)
opened up the conversation, and b) clarified caneshhe was able to ask more IT-specific

guestions than | was.

The task-based interview is a useful researchunsnt that allows the researcher to observe
and subsequently make inferences about learniniddbla place. However, if inferences were
to be drawn from observed mathematical behaviouhadl to consider certain issues

fundamental to many qualitative methods, and applecalso to task-based interviews.

3.6.3. Rigour relating to the focus group and taskased interviews

Focus group and task-based interviews have commatures with each other, generic to
many qualitative methods. Firstly, both draw on hamesponses which are unpredictable;
requiring the pursuit of unexpected avenues of ingqsuch flexibility allows the interview

to proceed naturally, rather than pre-determining direction of the responses (Goldin,
1997). Interviews require reproducibility, in thense that the “same interview [needs] to be
administered repeatedly [...] in different contex{&oldin, 1997 p. 53). As the “research
experience base” accumulates, repeatability becom&® possible (ibid.). An important

distinction must be made at this point. The quiiéaresearcher will argue against the
possibility of reproducibility in interviews, maminhing that no two participants can be
expected to respond in the same ways. It is traettte interactions between the interviewer
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and respondent cannot be expected to be reprodudibk the research instrument, (the
questions)which should be directed towards investigating di@#ar phenomenon, can and
should be reproducible in its purpose, becausg designed by the researcher, without the

participant (ibid.).

Rigour in interviews considers a few key aspecisstlly, being flexible is important. In the
focus group interviews the questions to be aske® wee-designed, but as the interviewer, |
needed to be flexible in my responses to studeatisiments, and to be able to follow up on
interesting ideas that arose at any time. For dls&-based interviews Jodo explained to me
that there were many ways to complete the tasksileat the worked solutions were only an
example of what could be done. Because of my irgefit knowledge in the IT areas | was
investigating, either Jodo or Alain was presentthe interviews to help me conduct
questioning along any unexpected avenues, as medti@bove. Their presence gave
flexibility to the interviews because they wereebivhere | was not, to analyse what was
being done at the time in a particular interviewd amork with the respondents’ current

thinking.

Secondly, tie role of theory in all of the interviews neededconstantly considered: a) Did
theory inform the structuring of the interview, amdo, how? b) How did theory guide the
choice of questions used in the interview, and ba¥ivas the extent of consistency between
the observations and inferences made during tlevietv and the theoretical framework?
Theory informs not only the conclusions drawn freaw data, but thevholeresearch process
— the research design, task design, data colleandndrawing of inferences and conclusions.
In order for the researcher to maintain qualitatigidity using the task-based interview he or
she must distinguish between observation (madagltine interview) and inference (after the
interview) — “inevitably guided” (Goldin, 1997 p. 55) by thedpati underpinnings. Since
qualitative data collection is a subjective procebere is uncertainty in the drawing of
inferences from observations (ibid.). As describbdve, both the focus group (cf. 3.5.1. and
Appendix C) and task-based (cf. 3.4.) researchunsnts were informed by theory in their
original design, and then were further refined wviltle theoretical framework in mind. The
refinement of the research instrument (p. 53) amtk@ng theoretical framework informing

the drawing of inferences together improve validityhe process.
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The thread running through Goldin’s discussion akibe theoretical basis of task-based

interviews is crucially important to the researcher

“We simply have the choice of proceeding unscieatlf/, choosing tasks that
seem interesting and just ‘seeing what happens’, tgfing to proceed
systematically with tasks explicitly described aegdigned to elicit behaviours that
are to some degree anticipate(fip. 58, 59).

The tasks and related interviews in my study weeessarily divergent from this stipulation.
| could not design the tasks — they came from th®al of IT and were initially designed by
others, who did not necessarily fully understandtwhathematical practices are, but argued

that to do their subjects mathematical knowledgs reguired.

The third issue addresses how the social, culamdlpsychological contexts of the interview
influence the interview outcomes. According to Gold1997), contextual issues in task-
based interviews, like other interviews, must besidered by the researcher; and will be
unique to each interview, because each particiggaatunique human being. Power relations
are always present, and different individuals wdkpond differently to them. Also, the

participants’ expectations and interpretations had significance of the interviews to their

personal lives, such as their marks, or whethegatecomments or answers are ‘correct’ or
not, needs to be addressed at the beginning ofinteeviews. The emotional states of
participants will also affect the response and axalions given when participating in both
focus group and task-based interviews. Contextsceted with the interviews themselves
are ascribed different meanings by different indlinls, which will also affect their

responses, to a greater or lesser extent. For dgampen doing a task a particular question
may trigger associations previously experienced mhay affect the strategies chosen by an

individual to solve that particular problem.

For the interviews in this study, the followingusitions were common to almost all of the
respondents. (1) The focus group interviews wereedat the beginning of the second
semester of their first year, and the task-baséehilews were done in the middle of the
semester. By the time the task-based interviewsshaated the students were already under a
large amount of pressure because of assignmentsvére due around that time. A few
commented to me that they had not had much sleegntly because of this. (2) The
networking task was very new to them, because & avaubject that they had only started in
the second semester of 2007, and they had onlyredwhe first half of the course. The
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networking lecturer was aware of this, and for pleposes of my interviews had set a task
that covered only the first few concepts taughthmm course. (3) The students were relaxed in
the focus groups and did not appear to be outwaathgerned about the ‘correctness’ of their
responses in the task-based interviews. | had a gelationship with them and they were
aware that they could give their honest opinionsualthe questions | asked them in the focus
groups. | informed them at the beginning of thé&4aased interviews that they would need to
explain everything to me, because | did not knowtleing about the tasks they were doing.
They were very helpful in this regard, and explditteroughout the interview what they were

doing, as though they were teaching me.

Goldin emphasised an important consideration toemakhe drawing of inferences from the
task-based interviews he designed: whether orthetparticipant was prompted, and if so, to
what extent? For example, planning strategies bgeplarticipants for problem-solving that
were not prompted indicated full use of problemysa techniques, where planning
competencies led to use of other problem-solvingmetencies. Prompted planning gives rise
to incomplete problem-solving competencies (Gold®97 p. 57). This would be true for the
interviews | held. As the intervention supplied thg interviewer gains specificity, the ‘less
extensive’ is the information obtained about thetipipant’s full strategic ability. Therefore
the interviewer is continuously required to makeisiens about the level of specificity of the
hint he or she needs to give the participant ireotd solve a particular problem (p.57). Since
| could not do the tasks myself, | was not ablermmpt the participants. However, Jodo and
Alain were able to help me interrogate studentspomses and build on them where
necessary.

A limitation of my study that affects my researcbsmn arises on the issue of the use of
mathematical practices in non-mathematics subjéotguld have been difficult to determine
whether or not mathematical practices were inde#dgodemonstrated if the IT tasks were
too difficult for the participant(s) to work throbhgThis came to mind because | personally
have very little knowledge of the IT subjects usedhe tasks in my interviews, although |
know that | can demonstrate mathematical practmesh as using procedures flexibly; using
representation; understanding/explaining conceptglestioning; justifying claims;
disagreeing; strategising; and generalising (cf2)2in non-mathematics subjects. Because |
cannot do the IT tasks, | would not be able to destrate mathematical practices in this area.

Therefore, because many first year undergraduastudents might be in a similar situation,
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the IT tasks for the interviews were deliberatedy @& a level that the least knowledgeable of
the participants could work through. Tasks posdil@game easier when working with a peer.

This also reduced the need for prompting by therui¢wer, as they prompted each other.

3.7. Data Analysis

3.7.1. The focus group interviews

The focus group interviews were transcribed andathalysis of the data was by means of
coding categories derived from the transcripts &sown as “pattern-matching” (Yin, 1994),
or “theme analysis” (Gomm, 2004). “Categories” emacepts that have been derived through
extensive and repeated study of transcripts ofddwa; through the “constant comparison
method” (Lincoln & Guba, 1985). Category constragtihas an intuitive component —
however, it is essential that the process is “mied by the study’s purpose, the investigator’s
orientation and knowledge, and the meanings magiceéxby the participants themselves”
(Merriam, 1997 p. 179). What this means is thag¢digned the interview questions having in
mind the issues | wanted to hear about, but demtrithe actual categories after the
transcribed data were obtained and thoroughly isiset. To do this, | constantly moved
between the data, the notes made during analysils,edated studies and literature (Hitchcock
& Hughes, 1995). Respondents’ remarks were replyatednpared with each other, giving
rise to “units of potentially meaningful informatid (Hitchcock & Hughes, 1995; Lincoln &
Guba, 1985; Merriam, 1997); which were then groupsttd themes because they had

something in common.

In order to maximise validity and avoid bias | dgsd the categories to be both positive and
negative. | then searched the data for any evidehgesponses that might have made me
uncomfortable to report; such as comments that tmigldermine pre-conceived notions |
might have had about students’ experiences. Fanpbea note in Appendix D that category 3
describes the students’ experiences over the pefitte Math B class. The sub-category that
observes a “change from negative to positive” waseoved in the data, which would please
me as their ex-teachefherefore, | added the sub-category, “change framsitpe to

negative”, so that | would report any negative @grees described, which may not have
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been easy to admit as their ex-teacher but musbhsidered as a researcher. In this way,
sub-categories were added that would ensure thedsl as objective as | could be when

reporting and analysing my data.

3.7.2. The task-based interviews

The IT tasks in the study were first analysed atdiogrto the mathematical practices | thought
might be embedded in them; and then analysed aogoia the mathematical practices | saw
the students demonstrating in order to solve thmalysis of the task-based interviews took

on a somewhat inductive nature.

The mathematical practices that | was looking farevlisted before | watched the video
recordings, and were altered as | watched the sideal listed the practices | observed the
students using. The names | used to describe Hwiges were informed by the concepts of
proficiency and practices. The RAND Mathematicsdgteanel (Ball, 2003) links practices

and proficiency by stating (cf 1.3.1.):

“... our conception of practices can be seen as aottay of framing important
aspects of these strands of proficiency” (p. 9).

In sections 1.3.1. and 2.2., | highlighted addiiolinks between proficiency and practices
that are not part of the literature, but that dbote to clarifying the relationship between
practices and proficiency. | also listed my owmtsifor the practices | saw the students using
when they were doing IT problems and linked the# the existing terms for practices
(Ball, 2003) and proficiency (Kilpatrick et al., @D) (cf Table 2.1.).

My reason for using my own terms to describe pecastithe students used when they did IT
tasks is as follows. My teaching was originallyamhed by the notion of proficiency, and not

practices (cf 1.4.1.). It was therefore easier tokwith these same proficiency strands when
first working with the IT tasks. When | later undgirod the Panel's (Ball, 2003) practices

more clearly, | realised that these mathematicattmres (Ball, 2003) should be used as an
analytic framework to categorise my observatiore;aoise they are what peopmle when

they are proficient mathematics users. However,esofrthe Panel’s practices did not fully
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describe what | saw as the students did the ITstastherefore used descriptions that were
informed by my understanding of proficiency andhoyv | had originally taught my students

to understand proficiency, because proficiency@nadtices are closely linked (cf 2.2.2.).

The result is that | ‘broke down’ some of the Panks$t of mathematical practices into more
specific terms. First, “articulated and reasoneding$” and “rationally negotiated
disagreement” could incorporate different aspetiasiification(cf Table 2.1.), and | wanted
to specify what my students were actually doing mvtieey did the IT tasks, before | claimed
that what they were doing was the practice of figstion. To clarify what students were
doing | used the terms ‘understanding/explainingncepts’; ‘questioning’; ‘justifying’;
‘disagreeing’; and ‘strategising’, to bring attemtito the different aspects of the overarching
practice of justification. Second, “attentive uskneathematical language” can also be a
description of a few different aspects of matheosatMathematical language incorporates
symbolic representation and formulae, which arenforof representation. Mathematical
definitions are also aspects of mathematical laggudhe practices of “attentive use of
mathematical language”, as well as the Panel’s,témrepresentation”, were all described as
‘representation’ in my data analysis; and the wiaysvhich representation was used were
specified in the analysis of the tasks in chaptétitrd, as a mathematics teacher | understand
that “generalising ideas and recognising patteras’,discussed in section 2.2.2. are two
distinct aspects of rule formulation in mathematiost they are not as distinctly different
when used in IT, unless the IT being done is mattes (for example, in a subject such as
mathematical modelling in IT). When | examined tasks that the students were to do in the
task-based interviews (cf chapter 5), | was notaghv able to distinguish between
“generalising ideas and recognising patterns”, tnedefore made them a single category of

‘generalisation’.

The terms | finally used were: “using proceduresxifbly”; “using representation”;
“understanding/explaining  concepts”;  “questioning”; “justifying”;  “disagreeing”;
“strategising”; and “generalising” (Table 2.1.); @t the mathematical practices being used
in the IT context could be described and then tegmised into the three mathematical

practices of representation, justification and gelsation (Ball, 2003).

| made note of all the occasions in all of the mtavs when a particular practice was in
evidence. | watched the video recordings of theeriméws and made extensive notes
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regarding all the mathematical practices that leolsd. Some students’ comments were
transcribed if | believed at the time they might ibgortant evidence for claims | might
make. Many of the practices overlapped with eattemmtbut this was to be expected, since
the strands of mathematical proficiency are im@néd and inter-dependent (Kilpatrick et al.,
2001). I tried to note the practices of individydist this task was almost impossible, as one
person would continue an explanation where therolé# off — demonstrating shared
knowledge being used and developed for the purpbdssolving a novel task. When this
occurred, an explanation from another person somestireferred to a practice different from
the first. But then the first person would take roagain from the second, remaining with that
explanation of the practice. Therefore, on manyasmmns it would have been inaccurate to

say that one person showed a particular practice.

3.8. Limitations with Respect to Research Design

The analysis of the data was done using descrgptidarived from the notions of
mathematical proficiency (Kilpatrick et al., 200dnd mathematical practices (Ball, 2003). A
limitation of defining categories in this way isaththey still needed to be linked back to the
overarching practices of representation, justiiizatind generalisation that had been used by
Ball (2003) to frame proficiency (cf 2.2.). Thisnking back has not been done in the

literature, and is therefore tentative.

Furthermore, although the mathematical practicespaoficiency literature was described in
terms of mathematical specificity, | commented etton 2.2.3. that they could also be
applied somewhat generically to other domains.dded to emphasise that social domains,
such as the IT social informatics domain dealt vathctices that might be given the same
descriptive terms as ‘representation’, ‘attentige wf language and definitions’, ‘articulated
and reasoned claims’, ‘rationally negotiated disagrent’, ‘generalising ideas’, and
‘recognising patterns’ (Ball, 2003 p. 32), workswiifferent objects and methods from those
of mathematics or the mathematical domain of ITqd #mus did not use the mathematical
practices described in this study. This is a litotaof the study, in that these differences are

not obvious when first considered and need to beidsdted.
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The sample selection process | used renders ceti@ngths to my research. Firstly, | had
worked with these students for at least one hodaywhile they were in the Foundation
Programme, and | developed a close working relakigmwith them. On many occasions they
participated in discussion and argument with eatireroand me in the mathematics
classroom. | believe that this good relationshipast of the reason that they could be honest
when | asked them questions about their experienthame.

The weaknesses of my proposed methodology inclbdefdllowing issues, which were
minimised through constant awareness of their ptesgitfalls, and making every possible
effort to counteract them. Firstly, all communicatihad to take place in English because it is
the only language that we all had in common. Altheff students in my case study except one
were English Additional Language (EAL) students. féw of them had difficulty in
expressing themselves. | had to give the respoaddrances to explain themselves before
moving on to new questions. | was also carefulite gtudents a chance to enquire after any
guestion that seemed unclear. Secondly, and sgnily, there was a danger of bias creeping
into my data gathering process, because | purplhgstlected my sample and because | was
investigating my own practice. There was the obsineed to guard against selecting students
who | knew would give me the responses that | wgsryg to receive, or who would confirm
what | said for the purpose of pleasing me. Howedhge to the reasons stated in the previous
paragraph, this same weakness was also a valuabdét @ my research. Included in my
sample were students who | know had a negativeiddtitowards my teaching approach, at
least while they were my students. At the timehaf interviews | was unaware of whether or
not they had changed their attitudes since leathadg-oundation Programme.

The fact that the research was a case study rahdeng results non-generalisable.
Anecdotally, | am aware of many differences betweemorts of students when | teach them
each year, and therefore it would be unrealistictrio to claim that my findings are
generalisable to other groups of students — evasetthat | teach. However, a rich description
of the case study may allow future research to bectwd at finding out in a more
generalisable way how student learning promotesstes of mathematical practices to non-

mathematics undergraduate study.
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3.9. Ethical Considerations

The University of the Witwatersrand Ethics Comnateghics protocol has been followed for
this research and an application for clearancetlunsissues was approved (protocol number
2007ECES3). Beyond this | realise that | am accalietto society for the integrity of my
research in terms of what is reported and how &ioktd my information (Babbie & Mouton,
2001). Likewise, | have a responsibility to opedigclose my research (ibid.). At the same
time, | need to uphold the privacy of my respondeWith this in mind, the students | asked
to participate in the study were told what it wdmwat and they signed informed consent
forms. They were assured of confidentiality andrgmaity, and were told verbally and in
writing that they could withdraw from the studyaaty time (a few did withdraw, because of
study pressures). | also requested that they rehmaiast in their responses, even if they had
something negative to say, and that they provitleekplanations of their thoughts, to aid my
understanding. | had a teacher-student relationshipeach of my respondents, and once my
research was nearing an end in 2008, | presentedindings to them. They were major
participants in the research and | believed thet fnactice would give them a sense of

continuity, as well as identity, with the research.

| am aware that power relationships always existesearcher-subject relationships (Opie,
2004). | had power as their ex-teacher and as abeeof staff at the university. | also had a
different sort of power as the researcher, and wa®ful not to abuse it by asking
embarrassing questions, or putting a particulgsaedent ‘on the spot’. | also had to forestall
a couple of complaints about the teaching appraaadbfe other lecturers, to maintain

professionalism and the integrity of the research.

Lastly, the respondents and records will remaintgmted once the research has been
completed and documented, and destroyed afteyfaes.

3.10. Conclusions

In summary, according to Naroll (1962 in Freemaralet 2007 p. 28), quality qualitative

research incorporates “(a) a thorough descriptibndesign and methods, (b) adequate
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demonstration of the relationship of claims to datad (c) thoughtful consideration by the
researcher of the strengths and limitations ofdstiuely”. In this chapter | have shown that |

have considered these factors in my research dasgjanalysis.

The study was an attempt to link what studenthénsample shared about their experiences in
my Foundation Programme mathematics classroomreaidfirst year of undergraduate study

in IT with whether and how mathematical practicesavused in undergraduate study in IT.

Chapter 4 provides a discussion and analysis afests’ experiences and views regarding

study in the Foundation Programme and first yeateugraduate IT. Chapter 5 examines

evidence of transfer of mathematical practices ffemandation Programme mathematics to

the IT first year core courses of Java |, Netwogkamd Computer Systems.
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CHAPTER 4

ANALYSIS OF FOCUS GROUP DATA

4.1. Introduction

Through the focus group interviews, | was able ltitam information on the first two of my
research questions, which were: ‘To what extenstudents aware of differences in teaching
approaches between Foundation Programme matheraaticendergraduate study?’ and ‘To
what extent do students believe that their expedgsnof the teaching approaches in the
Foundation Programme mathematics class have héteed in undergraduate study in other
courses?’ The students who were interviewed gaeebi@ck with respect to what they
thought a teaching approach is, and described thiegtthought my teaching approach was
and that of their lecturers in their first year ahdergraduate study in Information
Technology. They also volunteered their opinionsutliheir experiences in my classroom
and their current learning environments. Theredferstudents discussed whether or not they
believed that the practices they had learned withware of benefit to them, and whether or
not they were currently using them. Being awar¢ tihese insights were gained from student
experiences and opinions, | have discussed theamaitiical practices that they actually used

in the task-based interviews in the next chapter.

4.2. Developing Themes

The analysis of the data obtained in the focus ggowas by means of coding categories
derived from the data. The transcripts were reatirarread extensively. Students’ remarks
were repeatedly compared with each other, givisg to units of potentially meaningful
information (Gomm, 2004; Hitchcock & Hughes, 19%9%ncoln & Guba, 1985; Merriam,
1997; Yin, 1994), which were then grouped into thenbecause they had something in
common. The resulting categories are shown in AgpeD. The grouping of categories in
relation to how they addressed the research qussgjave rise to three overarching themes.
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Firstly, I discuss the awareness and views of thdemts, which was a theme which ran
strongly through all of the interviews. Anotheraiéheme emerging from the data was that of
the opening up of mathematics for the students.hiddttheme was the usefulness of
mathematical practices in first year study; whiglkey to this study; and which also links the
first two research questions to the third questidbrwhether mathematical practices were
actually used in doing IT tasks.

4.3. Theme 1: Student Awareness and Views

It was important to confirm that the students coeigblain what a ‘teaching approach’ is,
distinguish between ‘student-centred’ and ‘teactertred’ approaches, and could give
examples of each, before | asked them to deschibe personal experiences. | needed to
determine if they shared understandings with meiath@se important concepts of the study.
Discussions with all four focus groups began witle toncept of what constitutes a teaching
approach. Each interview included asking studemtsteir own explanations of how they
understood student-centred and teacher-centrechitga@pproaches. All twelve of the
students showed understanding of what a teachipgoaph is. | have explained how a
student-centred teaching approach may be definechapter 2 (cf. 2.3). Its components
include curriculum decisions, interpersonal relagioips between teachers and students, and
pedagogical decisions. Students’ comments fell iwithll of these three components of

student-centred teaching. These observations scestied in some detail below.

4.3.1. Curriculum decisions

Concerning curriculum decisions some students referred to the relevance of their
mathematics learning — both classroom organisdtas@ects and aspects of content to their
everyday lives. Others spoke of the relevance efrtathematics they had learned in the
Foundation Programme mathematics classroom to phegent and future non-mathematical
academic situations. Still others referred to theth@matics they had learned in terms of
subject specific terms and conceptual understandiepvance to other mathematical

knowledge they had (seeing mathematics as an atssywhole), or of skills in which they
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had improved through improved understanding of eratitical concepts, such as problem-
solving abilities and analysis and interpretatibpr@blem situations.

Reference to relevance of group work to a futurekwg environment could be seen in the

following exemplary comment:

“Yeah — at the start — with groups — | found it wast, like — good, but | came to
realize that groups — its not like the school greufthey will continue even in their
real life situation ... | have to, like, work with rgam. And then if I'm not willing
to work with my team, our team will never becomezassful. So | attempt(ed) to
start looking at this group work and start to bertpaf the group. Because at the
time | found “Ach — it's just a waste of time — wirt discussing some weird
things”. Then | found — ah — like — it's very impamt to start[inaudible] the
communication — how to deal with people. And thas wluring the semester —
during your, um, working with m&eabetswe)

The students explained how learning certain contamdwledge became an important
knowledge base for other undergraduate subjects.ekample, many appreciated having
done introductory probability theory in the Foundat Programme, because it is a
conceptually difficult subject, and especially witfit for those newly introduced to it. It gave
them a strong foundation for at least three of wihdergraduate courses they did in IT:

Business Statistics, Boolean Algebra and Computmitéding for Business Decisions.

In addition, Linear Programming, Logarithms, andsibaarithmetic were listed as being
essential for undergraduate study. Competenceoinlgm-solving and logic was described by
many as being a critical requirement for subjecishsas Java and Modelling for Business
Decisions.

“l did probability um...Last semester | did it in boigss statistics. This semester
I'm doing computer models for business decisionsgd &'m doing linear
programming, something that | did last year. S& just...right now, it's a
revision, it's like a continuation of what | diddiayear”. (Kabo)

® Names have been changed to ensure confidentaityanonymity.
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“Um...besides the fact that Java also uses thingsitikegers, I'm using examples
of Java, you also use things like integers, andati@s and...things
basically...um...things we have learnt from the fireekvof mathematics. Um...I
also think there is a thinking element to it, likemathematics, we did a topic, we
actually in almost every topic we did somethindechproblem solving. Um...Java
is a lot like problem solving..."(Molefhi)

Seeing themselves as having improved subject spekifowledge was of significant
importance in one way or another for every studetgrviewed. Some of the students
interviewed came into the Foundation Programme vathhigh level of mathematical
competence to begin with — such as Cambridge Aldeea grade 12 mathematics. These
particular students were in the Foundation Programot because of their immediate need to
improve their mathematical knowledge, but more heeaof other needs, such as that of
improving their English language skills. Even thes&dents reported a positive influence of
being in my Foundation Programme mathematics dagsr Students with lower
mathematical qualifications, such as Cambridgev@lldGCSE), formed the majority of the
Foundation Programme student body. Whatever lduelests entered the Programme with,
they reported that their learning was useful fobsaquent learning. Eric (grade 12,
Democratic Republic of Congo), who entered the Rnogne with excellent mathematical

competence, explained his experience of my teadyppgoach as follows:

“Yeah, but, um, | was a little bit skeptical . (Eric)

LM: | noticed!

E: Yeah! So, you know, | was kind of like, you knetat's going on, what’'s
happening? But, um, to see how people — becauas fime with that topic, myself
— but to see how people benefited from doing wiegt tid, because you know, you
write from what um, you understood, and it stayyoor head. So, to see how
people took advantage of that and benefited fraat ttis really... it was good.

LM: So, so ... the student comes in and says, um ...I"Nst... you know, um,
she’s doing this stuff. | can’t relate to it. Umknow calculus already. No, | don’t
need help here. What are we doing this for?” Whidityeu say to them?

E: “You don't — you don’t know everything”. That's ath would say to them. You
know, because | learnt a lot of things, just... beealiere in your head it's like:
“ok, I've done this before, | know this.” But yondw, go and do it again; you find
that | was doing this wrong. | now understand itreno
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Some students reported less about how their matieah&nowledge had improved, and
more about how my approach had fine-tuned theilyarssand problem-solving skills, or how
working in groups to discuss problems had improthemr overall abilities to communicate

their knowledge.

Many students reported how they had not been “goadaths” when they were at school, but
that my approach had helped them to gain confideémc#lving problems, to understand
concepts better, to relate concepts to each dineeJate mathematics to their lives, and to be
able to discuss and argue with others. These epanine in conjunction with the actual
content matter that they covered in the coursewstgpthat specific content was seen as
relevant and important for further undergraduatelgt while other content was appreciated

for the practices it encouraged.

“| feel...you...l remember you always had this thinds inot about being able to
do a problem, but being able to understand it —aewrathnd what you are doing.
So...yeah...| felt...I will tell them the approach Mrsnglan gives you — it helps
you to really understand what you are doing andjast being able to do it and in
the long run...I mean when exam time comes, finaiggoable to do a certain
problem.” (Tapfuma)

What did these comments show me about how choicaimiculum may be student-centred
or not? The different reports about the relevariceaths to life and future careers, and to
learning other academic material, as well as tdhéir learning and understanding of
mathematics itself, show that according to studesxperiences, there was a balance in the
Foundation Programme mathematics curriculum. Im8tein’s terms (cf. 2.3.) the subject
boundaries were not so rigid as to allow no linkbeiween mathematics and other areas of
life and learning; nor were the boundaries so wesako have lost subject specificity. Brodie
et al (2002) (cf. 2.3.) question: “who gets to decwhat students needs are when designing
curricula?” As daunting a task as this is, (andolrbt claim to have “got it right™), the
students’ comments suggest that they experiencadesits of student-centredness in the
Foundation Programme mathematics curriculum, becatigs usability in other areas of life,

such as immediate and future study, and life sanat

However, in saying this, | suggest that whetheumiculum is student-centred or not, or is
situated at some point in between a technocratig-qbwn) or critical (socially contextual)
approach (Cornbleth, 1990); the way it is preseted the teacher’s classroom practice are

important factors in the extent to which teachiagsiudent or teacher-centred. Therefore, |
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needed to know whether or not the students | irder@d believed that my approach had been
student-centred, and if their learning in undergedd study was any different from their

learning with me; and if so, in what way. Therefdie ascertain whether or not they found

my approaches to be student-centred with respedlitahree perspectives of student-

centredness, | addressed the issues of inter-m@rselationships and pedagogies used, in
terms of how the students experienced them.

4.3.2. Interpersonal relationships

The students gave me the impression as they wescegdiing their understanding of student-
centred teaching approaches, that interacting atth other was an important component of

student-centred classrooms:

Um...with the teacher centred, | think um...it is mo@sed on the teacher, like
the teacher is the one that delivers the infornraiad provides the solutions and
there is not a lot of interactions with the studeat the students themselves do not
interact among them or do not interact with thectesr. (Tungamirai)

All of the students referred in various ways to timportance ointerpersonal relationships
for their learning of mathematics in the Foundatftmeagramme. Four out of twelve students
made similar references to learning in one or tivtheir undergraduate lectures and tutorials.
Phrases such as working in “little groups”, “worditogether”, students interact[ing]”, and
“discussion/discussing”, were common when referriaglearning Foundation Programme
mathematics, and also indicated that the interpats@lationships they were referring to as
significant for their learning were predominantigtiveen themselves as students, rather than

between them and me or another lecturer. For exgripalbo explained,

“You always let us work... um...together. For examfilst semester, it was time
when you, you made us do, to write a daserm used for continuous assessment]
in groups and, and in second semester, you made create groups in which we
were together to solve certain problems ... Yeah d.itAmas very good, it also let
us to know each other, how each and everyone @gsetdKabo)

The same point was made, through some negative eatsrabout what they experienced in
undergraduate the lectures, which mostly (but rletags) did not incorporate student

discussion or relationships that might have faat#itl learning. For example,
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“If you want to discuss, it'll be in your own timeith maybe a group of people
you'd actually discuss to meet at a certain timet B lectures and tutorials,
never. You don’t have room to share anythin(&fic)

Kelebogile explained that the trust that developsveen a teacher and her students is a
significant contributor to student-centred teach(efg 2.3.). In other parts of the interview she
described the trust that she had put in me hefpfuher learning of a subject that tended to

intimidate her.

“Um, ok, | think a teaching approach, isn't it hdive teacher just tries to gain the
confidence of the students so that they can now, stell, the teacher can start
sharing the information about a particular topi@m,Sou try to get your students to
believe in you and actually want to listen to ythen you start teaching. | think
that's the approach.{Kelebogile)

and

Ah, you were like, giving us questions every day, you know, if | look at what
I'm doing right now, | don't attend to anything eyenight, but with maths | make
sure | do my work every day. You know like, yoweweally motivating us, and |
found it very useful. (Kelebogile)

LM: In what ways did | motivate you?

K: Like, | could see you really were willing to hele ... You know, the thing is

you would, uh, every time we had, uh homework catevler, you would, you

know, mark it and give this back to us, so we’'dvkmdhere we are, the progress,

how we’re doing, what we can do better, what we icagrove on, so you know,

that kept us going.
These findings are congruent with those of Bo&2@00b pp. 13-17) in her discussions of the
significance of interpersonal relationships in tlearning of mathematics. Boaler states:
“many of the students interviewed cited their rielas with other members of the group as the
single most important factor influencing their ptection towards mathematics” (p. 14).
Judging by the fact that all of the students Invilaved also mentioned working together as
an important dimension of their learning and un@eding mathematics, shows that inter-
personal relationships are considered by the stadensignificant for learning mathematics.
This finding shows that what they experienced cduddinterpreted as part of a student-
centred teaching approach, based on Brodie e{(2082) description of student-centredness

discussed in chapter 2 .
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4.3.3. Pedagogical practices

Student-centred pedagogy considers how “teachet$ f@ make links between learners’
current meanings and new knowledge” (Brodie et28l02 p. 98) (cf. 2.3.). This can take on
many forms, as | learned from my conversations wité students. When asked for an
explanation in their own words for student- or tesrecentred approaches, most of the
students related what they understood as studerteasher-centred approaches with what

teachers do when they teach. For example,

“um...l will say teaching approach, is the mannerttjzau deliver a subject to the
students. Um...do they understand it? How you delivathematics terms to the
students. The way you deliver these terms and dalgiiver it in the way that they
understand? How do you get them to ...let's say howall get the students to
know what is going on? ...l remember in our classtdlthose who did A level and
some Zimbabwean students who didn’t. How are ydnggio approach these two
different groups, because they have a differentetstdnding of the subject”
(Tapfuma)

“[...] require us to actually discover things for aaglves rather than actually just
giving us notes and uh... methods and uh...just waglsing it, - let us actually
battle it out first for ourselves and then later actually be coming and explain
... (Molefhi)

“... we started those groups and it's all about slifeovery of the actual subject.
Um...lI found that when you actually learn it yoursatfd doing it in groups,
discussing it and you learn the mistakes and...becagsally you actually get a
lot of mistakes if you are doing it as a groupysa start learning all the mistakes,
that way you know what not to do from that and theenerally think you seem to
remember more if you actually discover it yoursiedin when somebody tells you”
(Molefhi)

Undergraduate studies usually consist of one twe-thecture and one two-hour tutorial per
subject per week. Foundation Programme mathemeltisses usually consisted of five one-
hour classes in which there were between twentythmty students per class. They were
more like the undergraduate tutorials in that ttertal classes held a maximum of twenty-
five students and were times when students gegenadtked on assignments and tutorial
questions given to them. Nobody commented on theifsiant change in the learning
environment between the FP and first year undeugitedstudy. My supposition is that they
just accepted that this was how it was going térd@® now on. In general, students explained
their understanding of teacher- or student-centrsslithrough descriptions and examples of
how teachers or lecturers presented content to .thdmey had a lot to say about the

approaches that their lecturers and tutors usedl,iradicated experiencing mostly student-
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centred pedagogy in the Foundation Programme anstlynteacher-centred pedagogy in
undergraduate study.

Lectures were described most of the time as b&aghier-centred, and a time when lecturers

read from the computerised content slides to thgsciwithout expounding on them:

“Yeah, ... and for lectures whe[maudible] you just get into the lecture and then,
the lecturer would get in and then read the sumasaron the slides, no

elaboration, no [inaudible] um...he or she does nqiaad anything that isn’t on

the slides, just read everything that's there, dhing we can do ourselves...”

(Kabo)

“...like we had a lecturer last semester, you'd asjuastion in class, he’d actually
laugh first and tell you:” don’t worry, you will low the answer!” And that's it.

Like just asking a genuine question you really db know he’d actually do that
and um...you’ll probably never know(Molefhi)

“It's like you really, like somebody can just cormed stand in from of you and
just read the slides, for like thirty minutes, theay: “ok, you can go”. And, | don't
know, in the tutorials the tutors just come in &a&y: ‘ok, we have a tutorial, let
me see the work you did’'(Kudzai)

Through various descriptions of their experiendbs, students showed that undergraduate
lecturers’ pedagogies predominantly did not hegnthto make links between previous and
new knowledge. The students gave many examplesacher-centred pedagogy while they
were explaining their views to me. They also tendedrefer to pedagogy (rather than
curriculum or inter-personal relationships) whersaiing their understanding of student-
centred approaches. Not surprisingly they showeitkaawareness of the need for the teacher

to present material to them in a way that wouldlitate their understanding.

Positive accounts of learning mathematics wererdest by all twelve students with respect
to classroom organisation that promoted commuminasuch as arguing, discussing, solving
problems together, and interaction. Most of thefarred to the benefits of solving problems
together with peers, because discussion and ardantexiped them to understand the
problems, as well as to find possible solutionsadidlition, learning how to understand and
interpret problems by using representations of gheblems and possible solutions to the

problem was referred to on numerous occasions.ekample, Karabo found meaning in
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mathematics by learning how to represent probaigil@tuations by drawing tree diagrams.
Tapfuma and Keabetswe repeatedly referred to thefibe of understanding the big picture of
mathematics concepts through, for example, reptiegeiinem in mind maps or writing letters

to explain a concept to a hypothetical friend whd been “absent” when it was taught:

“And...a lot of people have different approaches. hink your approach
was...was...was... it had a, a very...| don't know howatothis, but it impacted
me in a very very nice way. ... You had us drawikg, Uh, trees...what are those
called again?”(Karabo)

LM: Probability trees?

K: Yeah! Probability trees and like diagrams to ursdend what you were trying

to teach us, and as | drew those, | sort of lilelly got to understand what maths
is all about. You have to break things down in oreunderstand them and the
much bigger picture.

“Yeah, we even write, like, letters, which uh, wag first time to write some... a
letter in maths.”(Keabetswe)

LM: How do you feel?

K: Ya.... It was quite weird, but | think its helped anot because it makes me
more...it was so interesting — how could | write téelein maths subject... because
maths is ..[inaudible] maths is all about numbers, but | think your amto- it
was quite, quite different because | got to un@erdtthat [...] | was not that good
in mathematics before | came in the course. | ugddhow | have to, like, take the
formulas and start writing, not understanding thetual thing, but since... after
you taught me to understand the theory behind matested to understand...

Both classroom organisation and deliberate teacloihgroblem-solving techniques and
representations were components of my pedagogysiesigned to encourage students to
use previous knowledge and experience in ordexamlnew material, solve problems and fit
together previously separated concepts of mathematito a bigger picture or more

meaningful whole.

As previously stated, students were acutely awérpedagogy that helped them to learn.
They also reported any approaches used by undegedecturers that aided learning by
making links to previous knowledge or to their oliwes — that is,relevance Although

lecturers sometimes had to deal with large claskas did not easily support personal
interaction between students or themselves anastsidthese particular lecturers frequently

107



held whole class discussion and debates, encoursigelénts to split up into discussion
groups for short discussion and subsequent repmksbto the class, or took the time to
explain to and listen to students during the lextuand tutorials. As far as | could determine
(because | had asked the students not to namedestuhen discussing their experiences of
teaching approaches), as many as four lecturer® weported to use student-centred
pedagogies, and as a result were held in high ddgathe students, because they were able to

understand their work.

“Ok, Also adding to him. It's not only about thedohut also there is the good that
they are doing. | mean, one of my lecturers acjublinderstand. Every time she
comes to class there is always that ... you know at..thin everything that we
learn, there is always that approach that she wéline and say...she will come and
tell us everything and try and relate what she knovith daily activities around
that.” (Kaone)

According to these findings, students were indereara of differences in teaching approaches
between my Foundation Programme mathematics teqa@nd most of their undergraduate
lectures. The above comments give some indicatfaer views on the issue; but | will
discuss these views in more detail in the nextiaecBefore | do this, | first briefly discuss
possible sources of bias in the data and analgsi$ then make some important conclusions
about whether or not they saw my approach as “stuckntred” using the way that | have

described student-centredness in chapter 2.

| was aware of the potential for bias (cf 3.8.)afect the data analysis. Bias could have
appeared from different sources: Since all of #spondents were my own ex-Foundation
Programme students, the possibility existed foerinew questions concerning students’
experiences to lead students into certain respodsescond potential problem was that of
students tailoring their responses to please mausecof their past relationships with me. In
addition, the possibility existed that | would reatbre into students’ responses than they
intended. The first potential bias was addressedhbydesign of interview questions using
guidelines from Merriam (1997) (see Appendix C).auress the latter two issues | searched
through the data and provided categories for eweemhat disproved what | might have

wanted to hear when | interpreted and analysedestadcomments (cf 3.7.1.).

Furthermore, | acknowledge that although rich deg¢ee obtained by using both focus group
and task-based interviews, any conclusions madkl gmt be generalised to other Monash

University South Africa Foundation Programme studesr students in other universities.
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Their experiences, as they were related to meaiped only to my teaching. Other teachers
use different approaches, and therefore my ex-stadexperiences and uses of mathematical

approaches could not be generalised to other it

I made the statement in chapter 2 that, ‘forms difdent-centredness] are activities and
classroom organisational setups that teachers Tise. substance of student-centredness
entails “selection and sequencing of tasks in igrlato students’ current knowledge and
providing for the required conceptual developmentai subject area’..(cf. 2.3.). With
reference to their learning in the Foundation Paogne, | have shown that the students
described their experiences of a teaching apprtethwas student-centred in both form and
substance. In terms of form, the classroom wasnisgd so that students could interact with
each other and me, because | would walk aroungnlisy to conversations and asking and
answering questions about what the students weng @b the time. In terms of substance, the
tasks that were given, for example, mind mapseretto a friend, representational tasks,
discussion tasks and scaffolded tasks, were ated fleat was helpful for student learning of

new material.

In this section | established that (1) the studexgerienced differences between teaching
approaches used in the Foundation Programme maiileemmit and those of first year
undergraduate IT core units; and (2) the studexgereenced my teaching as student-centred,
with respect to curriculum, pedagogies and intesg@eaal relationships. In the following
sections | highlight two other themes which emerfyjeth the interview data. The first deals
with how they spoke of the way mathematics was egarp for them during their year in the
Foundation Programme. The second explores the rdgid@ews of the usefulness of my
teaching approach for supporting future learnirigasions and how useful they judged their
newly-developed mathematical knowledge and prasticetheir undergraduate studies in
Information Technology. Closely related to thisdimg was how mathematical practices are

useful for dealing with real life and future workustions.

4.4. Theme 2: Opening Up Mathematics

Although all Foundation Programme mathematics sttedead done mathematics in the past,

many had not seen the sense in doing it and/oreqnally understood it. Therefore, it was
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significant for the students in the study that tlylo learning mathematics in the Foundation
Programme mathematics was ‘opened up’ for them.yM&tndents did not refer only to
improved understanding of concepts, but also toimétg competent in different kinds of
mathematical practices, which is an indication wérall increased mathematical proficiency
(cf 2.2.). Although mathematical proficiency inckslthe productive disposition strand, |
discuss the opening up of mathematics in terms nofeased productive disposition
separately, as it was an unexpected finding thatdtrand filtered through the majority of

students’ comments. Hence, the discussion of teaiog up of mathematics in terms of
1. Increased overall proficiency, and

2. Productive disposition

4.4.1. Increased proficiency

Many students across all of the focus groups spad@ut their improved mathematical
proficiency and use of mathematical practices. Théo spoke of their recognition of
mathematics as worthwhile and useful. AccordingAlexander et al (1999), proficiency in
one context encourages transfer into another contaerefore, | argue that the students’ own
recognition of their improved proficiency and ugemathematical practices in mathematics is
a significant finding, because this should havesitive impact on use of these practices in a
non-mathematics context. This section is a bristussion of what the students said about
their mathematical proficiency in mathematics anse wf mathematical practices in
mathematics and undergraduate IT study. | disdusis tomments about the practices that

they said they used in the IT context under theme 3

Students mostly spoke of their improved conceptuatlerstanding of the content of
mathematics, which was liberating for them. Beildeao understand a problem and being
able to make informed decisions about how it cdaddsolved was also spoken of by many of
them. The inter-connectedness and inter-dependgfitye proficiency strands was visible in
their comments, because usually when they spoké, éRperiences incorporated at least two
of the strands. The terminologies used concernnofjgeency (Kilpatrick et al., 2001) and
practices (Ball, 2003) were used interchangeablyheyspeakers, but it was clear that the
students believed their mathematical proficienay ingreased. For example, Karabo spoke of

increased conceptual understanding together withingoroved ability to analyse and
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understand a problem, rather than attempting tat ¢gowocedurally without understanding.
Underlying his comment was his belief in his impedvabilities to do mathematics, both of
which had changed since leaving school.

“In school, | used to think “Ah, maths — its eithgsu were born with it or you are
never gonna be able to do maths”. But then comieig k- you, you kind of like
showed us, yeah, that maths is just — you just teeedderstand what you're doing
before you do it. Instead of going to the equatiad just looking at it and adding
figures and coming up with an answer. You're trytiogstate what exactly ...
because it's ... Just look at the question — undedsttand then try to see if you
really understand it by what it said: Summarisingatvthe question wants from
you, trying to find the solution because | thinkewtyou're following those steps,
you can really say “Ok, now this is the answer”itl§ something else, then | must
have done something wrong somewhere before reaohyranswer’(Karabo)

The students’ realisation that mathematics is noty oprocedural opened up their

understanding that mathematics is more than aemely difficult subject that did not make

sense, but that had to be studied because it wampntant subject to know. The strands of
proficiency became accessible to them, and thegrabd their own development in the

strands other than procedural fluency — particulaith respect to how seeing mathematics
as sensible and valuable affected their conceptndérstanding and problem-solving; and
vice versa. Not seeing the point of doing mathersatnd lacking conceptual understanding
had affected their ability to solve mathematicallpjems.

“... I used to know mathematics is all about, likee tvay it was ... the way | was
taught mathematics, | just came to class and sgitwvedlems:x+ y=2, and then

| start solving. But since | came here, every topidid, like, an application.
Because if there wasn't an application | didn't getrue picture. What this topic is
all about. What are they trying to clarify? | stad asking myself’ “Why am | doing
this topic? Because it seems like it is uselesgsDofit into being able to think
logically —?” But, yeah, the logical thinking | uacstand, but why do | have to do
something which is more technical? But if you daaasociation; every topic you
do an association, every topic you do some ... ysockse with a real life
situation, you take mathematics into practice. Thiditmake students motivated to
learn more about mathematic§Keabetswe)

“Will procedure also be the same as methodM| Yeah...] Ok...Yeah, you
learned methodpat school]land then with time after doing a lot of questiahey
hope that you actually realise for yourself why..ually be able to learn and
explain for yourself why | do it that way and...bubgof the time, students are not
really concerned with why they are doing that w&y.have a method that works,
hey great, | will just answer the question that wiawill just plot in numbers, not
even know what it means. And then a day comes ythemre asked a question
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that is similar to that one but not necessarily stiimg you have done in class.
And maybe it requires for you to change the sulméthe formula for example and
then you are completely lost, you have no idealt&tws going on. That is when
you start checking: “Wait a minute, we were notdhuthis!” But just...it just
requires you to have an understanding and justpphawhat you have already
learnt. But all you know is just your method, that! So..."(Molefhi)

When | asked them why they thought they had toystwdthematics in the Foundation
Programme some students interviewed spoke aboutf¢ae of mathematics, their weakness
in the subject, and how doing mathematics in thenBation Programme had offered them a
new way to approach mathematics. They described thanged abilities to “do maths”.
Change included increased confidence, increaseceptuml understanding, increased
problem-solving abilities, an increased apprecratd discussion and argument with peers,
and increased understanding of mathematics as whitthand useful — an indication of the

role of productive disposition in mathematical je@ncy.

“... | think | did maths to develop an approach todsmproblems- to understand
how to solve problems Y’know- to build... in a waynfie its like building a step. It
gave me confidencgKaone)

“Ok, for me, | think | learned what | called thenlguage of maths, rather than the
equations of maths. | turned to...to...to actually ertmat fear that | had of maths.
.... It's like actually you know, being an Africandaactually taken to learn ...uh ...
Korean. Obviously in your first days you won't likdout it goes with interest and
benefit that you want to have. Like for instan¢d,had to learn what | call like
language of maths, | had to speak maths, so to...ttobe sure that | understand
maths, to be sure that | understand what I'm tajkebout. | can explain to
someone infinaudible] because | don't only know the formulas, | know the
language”(Kaone)

LM: What is speaking maths? What is that- What do gouwhen you speak
maths?

K: Its turning formulas into a language. [...] | cactaally tell you that this means
this; this means this — | could tell someone who'tdanow, like... this is ... what
do | know about this, rather than trying to writensething that | don’t know. |
could share my experience. | could share what lehaith someone, not only
actually only writing. It's not only about writingnaths. It's also about telling
somebody. Talking about it. Understanding the cptxe

What came through strongly in students’ commentsutitheir increased proficiency was

how increased understanding gave them the todslti@ problems better. As already stated,
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the common thread running through these commenssingaeased productive disposition. |
report on this below.

4.4.2. Productive disposition

Recall that productive dispositiorrefers to the tendency to see sense in mathemapics
perceive it as both useful and worthwhile, to badiethat steady effort in learning
mathematics pays off, and to see oneself as aotigtelearner and doer of mathematics”
(Kilpatrick et al., 2001) (cf 2.2.1.). It is diffudt to ‘test’ for productive disposition, | did not
deliberately question the students about their yctide disposition regarding mathematics;
and the following discussion was an unexpectedoooéc of the focus group interviews. |
have always believed that the best way to ‘testgayductive disposition is to work closely
with my students in the classroom. That is, | wowlatch what they were doing and listen
carefully to what they were saying, in order to ngansight into their beliefs about
mathematics. However, to my surprise, their beleddeut mathematics became very evident
during the interviews, and it gave me a deeper mode meaningful insight about their
experiences with me, how they saw mathematics #fitey left me, and how productive
disposition interacts with the other proficiencsasids.

Some students made it clear that studying mathesatith me had changed not only how
they learned mathematics, but also how their stuisiegeneral were influenced by their new
broader understanding of mathematical proficiendfoven through Tapfuma’s comment

about his increased ability to understand and usenathematics is the strand of productive
disposition: his own recognition and appreciatiémis increased proficiency and the manner

in which he was able to use his understanding

“Yeah, um...the maths, as I've been saying befogavé me a different approach,
a different way to look at the subjects that | akirtg. Without it, | would have still
been at the same point you know, where as | sdatdé is not just being able to
do it but understand it. | would just have beemr:litok | can do this, and this”,
you know and just doing what you can do. And ifgonit, try and understand — if
you can't, just leave it. Yeah, or you get someaige; just to show you, to have a
rough idea, yeah. So, it gave me that understanadihreaking down, what | am
supposed to do and how | should do it, whereleaiding to? The maths really did
help...” (Tapfuma)
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The students who came into the programme with &etontent knowledge were negative
about my teaching approach to begin with as thesadly had the content knowledge from
school. However, all those interviewed realised thihat | taught them was useful, in the
sense that they learned how to think in a differeay, and that this aspect of what they did
with me was “worthwhile” to use the same word tKdpatrick et al (2001) used to describe
productive disposition. They recognised that thwiderstanding was broader than it had been

previously.

“Because | went through it like | said, | went thgh it (the content at schogl$o

in the beginning i{FP teaching approackas quite weird and confusing and then
as we continued actually we started to gain meaffiam it, | actually started to
understand it and it made senséVolefhi)

A few students believed that the mathematics theywdth me allowed them to see its
relevance, together with the idea that maths isontyt learned as a set of rules ‘told’ by the
teacher. They spoke of how mathematics had becewefor them. For example, | asked
them, having been in my classroom the previous, yeaw they would respond to a current

FP student complaining about having to do mathasati the Foundation Programme.

“...this is real. Just that it is not like in high schwhereby most of stuff, teachers
used to do for us. So you have to learn to do thingyourself."(Ditso)

“um...then...but now | feel...maths is real, maths isdadlg problem solving and
especially as IT student, it is pretty much evengthyou are doing which is
problem solving. So, especially the way that wasught to us, | feel yeah,
definitely, it helped us.[Tapfuma)

“Um, yeah, | think it was actually a good thing thae were introduced to math,
because it kind of like, opens your mind to sontenéfrom the whole — a bit from
the whole high school way of learning to now andre grown-up way of learning
where you have to, you know, you have to solvgshior yourself; andat school)

you're just given — and you just have to plug ifiedent numbers, and then that's

114



it. So, it really helped because now you can useesof that knowledge from ABP
and then just try to implement it into your othieings you do.”(Kudzai)

In addition, some of the students — particularlyséhwho had entered the FP with ‘O’ level
mathematics — spoke of the improvement in theireganability to do the mathematics;
having come from a background where they eithenghotthat they were ‘bad in maths’, or
were frightened of it, or both:

“Jah ... it was quite weird, but I think its helpe@ @ lot because it makes me more
... it was so interesting — maths is ... people thuak maths is all about numbers,
but | think your approach — it was quite ... quitdfatient, because | get to
understand that | ... | was not that good in mathésabefore | came in the
course. | used to know | have to, like, take threntlas and start writing, not
understanding the actual thing, but since ... aftar faught me to understand the
theory behind maths | started to understand thatcase be given something like
“one plus one”, then you say “Why are you using gtes one?” and | start to
really [...] think beyond mathematics — how to do skeps — the steps that | have
to take in order to solve problemgKeabetswe)

The students recognised and described for thensbalw their outlooks about mathematics
had changed since doing mathematics in the Fowrd&rogramme. This was significant
because their productive disposition had also ivgulp evidenced by numerous descriptions
of their improved mathematical understanding andogeition of the usefulness of
mathematics. According to Boaler (1997, 1998, 2Q00Bathematical knowledge that is more
than procedural is more likely to be usable in hqueblems. The fact that some of the
students (Kabo, Keabetswe, Karabo, Tapfuma, Kagekebogile) reported having a broader
mathematical understanding after doing the Fouadd@irogramme mathematics course, and
that their mathematical knowledge comprised moran tiknowledge of formulae and
procedures, gives weight to my subsequent arguthenttheir knowledge would be more
likely to be usable in the context of undergraddatdncreased mathematical proficiency had
given them greater access to use of mathematiaatipes when solving IT problems. Below
| discuss the third theme emerging from the foausig interviews.

® The ADP was the name previously used for the MorSsuth Africa Foundation Programme
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4.5. Theme 3: Usefulness of Teaching Approaches

The students in the focus groups indicated thatteaghing approach in the Foundation
Programme led to certain expectations for subsegsierly. There were mixed opinions
among students about how helpful my teaching amgbro@as in preparing them for the

teaching approach and learning experiences inyl@at undergraduate study.

4.5.1. Benefits of FP teaching approach in undergduate study

As a teacher | desired that my teaching approachldvencourage certain practices that
students would find useful in areas of learningeothan mathematics. Other techniques that |
encouraged included the use of group discussiareldging questioning practices that would
focus on considering Kilpatrick et al’'s (2001) fisgrands; having to explain in the form of a
‘letter to a friend who was absent’ the meaningsnefvly-learned concepts; translating
mathematical representations to meanings in woodsyice versa; and breaking down

complicated problems into parts that could prowdme direction to solving the problem.

In this study, | wanted to test the accuracy of bajief that the approach | used while
teaching FP mathematics helped my students to aseematical practices in undergraduate
study. In order to find out more about how my studeused mathematical practices | first
guestioned them about whether they believed thatnlathematical practices and other
techniques they learned and used with me benefitein in undergraduate study.
Subsequently, | interviewed students from the sela®s while they were busy with IT tasks.
From these interviews | ascertained which matheralpractices each student used, which

would in turn indicate whether s/he used matherabgiactices in undergraduate study in IT.

Initially, | was preparing to make a simple repalbbut the extent to which students said they
used practices they had learned with me during thedergraduate studies. After coding the
transcripts | realised that the report would notdsesimple as | had first imagined. The
students reported that learning in my FP classrdahhave an influence on their individual
work habits in undergraduate study, but that tlaadition from my classroom to that of

undergraduate study was extreme for most of theheirTdescriptions of their use of
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mathematical practices and other useful learnicrtigues, such as working in groups to

solve problems and using mind-mapping ranged fradeliberately used’ to ‘not used’.

Certain mathematical practices were assimilated asetl deliberately by some students
because they worked well and became part of thaestis regular practice. It also appears,
judging from students’ comments, that the more gurelstices are used in different ways and
different subject areas, the more they are deemsetlluby the user and subsequently, the
more they are used. Also, their use becomes inaggadlexible — an important aspect of
successful transfer, from the perspectives of botinitive and situative theorists (Alexander
& Murphy, 1999; Hatano & Greeno, 1999; Marini & Geaux, 1995; Simons, 1999).

The practices and other techniques that were regdoy different students as helpful and
used most often include group discussion and argym@nd mapping and representational
and problem-solving strategies. Group discussios mported as being helpful for solving
problems, working on assignments, learning about cencepts in difficult subject matter,
and clarifying understanding through argument amstifjcation of claims. For example,
Tapfuma explained his current study habits, and tiey were influenced by his time spent

in the Foundation Programme:

“Um...me...| agree with the group work, because it lyedlelped. | guess...I
remember there was a time when we used to splitnantlad another lecture for
maths also, but now in that lecture, things wetally different. | do not know if it
is...if anything ...I would tell all lecturers to pregesubjects the way you did
Maths to us. [...]. Um...the thinking part, definitelynean just...l remember you
made us do mind maps; | never thought mind mapssually thought it was
ridiculous, not of interest. The first two, | dideim in the morning, but in the
end...l think yeah, they help you solve the probléike Rudo said, in
programming, we were told um...to make a programtlice company that does
this...this, this, and suddenly you get your progthene, your branches...I started
doing it, | need to do this, | need to do that, koow, and you end up putting them
down in steps, ok this first, this next, you knowAnd with the group work yeah,
asking others. | remember, there was an assignmeractually | never thought
that would happen, but we actually got to meetrougs at Tunga’s house. And
everyone you know...worked with their laptops doimgthing, but then when we
got questions, it would not just be — . Ok, Rudcedsa question, she just passed
the question to the whole floor, and you just fdifferent ideas coming out of
people. And it gives a better understanding, amuhjbyed the Maths part of it.”
(Tapfuma)

Many students had developed a new way of approggioblems. Many of them explained
how their problem-solving strategies had improvieugh using techniques and practices,

such as mind mapping and representation respectivddreak down the problem. Keabetswe
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referred to his problem-solving approaches oftavijrg previously described his belief that

he was never ‘very good in maths’:

Even now, even right now, | am still using the aagh to solving problems for my
assignments because they are more technical and/dorto do, to solve the
technical problems you have to, like, understandtwiie case study first in detail
before answering what you are supposed to do, vaitit, that approach that I've

gained, I've managed to use it- and I'm still goruge it in futurg§Keabetswe)

Using newly-learned problem-solving approaches alillays be easier when encouraged and
aided by the teacher; because if it is a delibgpatiagogy, then the teacher, as well as the
student, will be involved in thinking where and heuch strategies may be used. This should
promote frequency as well as flexibility of usedifferent situations. The students singled out
a couple of lecturers who used this kind of pedsgdguggest that they talked about these
experiences because they appreciated the facthénatcould see how some of the practices
learned in my mathematics classroom could be usedhew situations — encouraging

flexibility of their use.

Um...lI am still using the same approach in [...] corepuhodelling. In tutorials,
we still work in groups, we come to sit togethed #men...um...each and every one
of us would present the solution and we have gotidbate, looking into the
solution disagree and then argue in certain sitoasi. . (Kabo)

LM: So you are arguing?
K:Yes...

LM: Ok. Um is that the whole tutorial or what? Is thaecause of you or the
lecturer or both?

K: Um...yes, because of the lecturer...

A few students said that they used the practiceso#imer techniques they had used with me,
but that it was for the sake of academic survital they tended to discuss the work with
friends or do further research on their own. Immtgiof discussion, they had valued it as a tool
for learning while they had been learning mathecsati the Foundation Programme, and had
commented positively often in the interviews abdu#ing encouraged to discuss their
thinking. Now that they were in first year, mangndhing approaches used did not encourage

similar opportunities — even in the tutorial sessiowhere discussion could be used
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constructively. When content became difficult, bey had assignments due, students were

more likely to work together.

Group work, as wellEric)
LM: Ok, where were you using group work?

E: Um, | don't really use it. It's kind of like jubefore an assignment, that’s when
we get together with people and work on the assigrsn Because, we don't — we
don’t have that opportunity to do it in class orturtorials, so yeah...

Academic survival included increased personal rebdar a few of the students. Many of the
students explained that first year was extremdlcdit because they were left on their own.
Therefore, they needed to be more pro-active im tbarning. Some of them explained that it
was through the way they had learned mathematicghen Foundation Programme
mathematics classroom that they had been giverssi¢aknowing how to find things out for

themselves, and so understand new material better.

LM: Ok, [...] 'l am using the same approaches in myli&s now that | used in the
Foundation Program maths classes’. Is this appliea you? Some of the time?
All of the time? None of the time?

“Um...I'd say sometimes. Sometimes optional and somstforced into it. Like if
you have a situation...ok sometimes where...actudtiyk sometimes it is always
forced, you do it sometimes and you are forcedhey way the lecturers are
teaching If a person comes like you have alreadly, &mes into a lecture room
with a 190 students and then he comes and reatttsdior you, one after the other,
... You do not learn anything if he is not elaborgtiso that sort of forces you to
actually have a hands on approach by yourself, it of the one where we were
in groups last year — um ... it forces you to do tyau have to actually go to the
library, and then look for concepts [...] with thefryou have to, you actually have
to find out things for yourself, not because weodeoto like | said, it's forced.”
(Molefhi)

Three of the twelve students said in their intesvibat they did not use many of the practices
that they had learned with me. The negative regstended to follow the theme dhose

practices we learned were good and useful, but kgenat using them now because current
study does not make possible that kind of practReasons given for this included the fact
that they were too busy trying to survive the wio&d to discuss work with each other; that
they felt that sometimes they were competing wébheother and therefore did not want to
share their little understanding with their peasithat they did not because their lecturers

were not promoting that sort of approach.
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“Not really. Especially when it's discussions amigs like arguments, people just
don’t have time. You only find people discussin@myuing if they can’'t meet a
deadline for an assignment. And, otherwise, evergojuist doing their own thing.
But in ADP, we had to like, sit in groups in clagad now we can even sit in one
corner and the other person in the other corner anebne talks to anyone during
the lecture or tutorial. You just stand up and kea8o now what we did in ADP is
totally different, it's like a totally different bool. As if we moved to a totally
different place from where we were in ADP, so(Ktidzai)

In this particular case | was interested to sethiff sort of situation was evident when the
students did the task-based interviews with me. tWhay said they did and what they
actually did was an area of interest for me — becausepestisd that some students were not
aware that the practices that they had learned métwere being used in their undergraduate
studies. Also, some of the other comments that thagle in the same interview appeared to
contradict this view. For example, Kudzai said,whabove, that she did not really use the
practices that she had learned in the Foundatiogr&mme in undergraduate study; but she
also said that what she had learned was usefuhdiengraduate study, because she did not

receive much guidance from her first year lecturers

“Um, like right now, in first year, | can't say the's been a lecturer who's actually
taken the time to explain something so that | cadewstand. They just give me
information, then | have to sit down and try to get facts that | need. And, like,
from second semester ADP, that's what we did inblginning, where you were
given information then you had to like, pick upfstand understand what you had
to know. So, it actually helped me in that firsaryaow | recall that ok, | did this
before. | can sit down with that information thexkeé out what | actually need for
me to, you know, pass the unit or do well, you krémthat's how it helped me...”
(Kudzai)

Thus, it was interesting to observe their behawaluring the task-based interviews, without
their interpreted explanations of what they did, 9dee if they were really not using

mathematical practices in first year.

A number of students explained how the practiceg ttad learned with me in the Foundation
Programme were useful and relevant to them in #nearyday lives. Students’ beliefs about
the usefulness of mathematical practices inclutiett tives in a real world in which there are
many different facets — two of which are ordinagylyllife and future work situations. From

a situative perspective on learning, one cannobrgnstudents’ reference and use of
mathematical practices in their daily lives, as ommities of practice overlap and influence

each other (Wenger, 1998). Therefore, | believe itatural for them to refer, when they feel
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it is necessary, to other facets of their lives] bacause of that, | briefly report their opinions
on the subject.

4 .5.2. Usefulness in other facets of life

The students mentioned the usefulness of the peactiechniques and content learned in my
Foundation Programme mathematics classroom toolifiside of academic work. A few
students spoke of the importance of learning howddk better with other people in groups,

as teamwork would be an important aspect to therkwn IT in future employment.

Um...I would say um...I think for me personally, a#l &#spects that | learned from
you are really helping me out because um...| am @ally um...a people-people
and now with IT, we have to work in groups and uratsgnally, | do not feel like
working in groups is really necessary becauselllfke it undermines my ability to
actually express myself, but now, since doing yourse, now | understand that it
not all about what | did, because in the end, | @oh able to do everything and |
don’'t have all the answers. And now you see, | tgtdied from the experience |
got from you, | actually appreciated it when we keaf in groups and | found it
actually much easier if | worked with other peopléTungamirai)

LM: What do you mean you find it easier...you findasier to work with other
people or you find it easier to do the work if y@wvorking with other people?

T: No, | find it easier to work with other peoplemight not necessarily agree with
what they say but you know | find it easier anchdierstand why the groups are so
important.

LM: Why? Why are they so important?

T: Because like um...[...] when eventually | do leave adbnin about six years or
so, we want...we are going to be working in orgaisat and we’'ll be put in

certain groups and we will have to perform a speddsk. So, if you are not able
to communicate to the next person in your group, tyen...that task is going to
die. Eventually, it is going to cost you a lot abmay and you will not be able to
utilise your capabilities to the maximum. So wogkimith other people is really
essential because IT is more of a group ... it isenwdra project subject, and you
just have to learn...

| think that [...] we are all going to leave schauid everything, we are probably
going to be grouped up with people, whether yoaiililor not, you are going to be
doing your job..(Tapfuma)
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Ordinary life was referred to a few times, wheredsnts were aware of where their

mathematics content knowledge might serve them.

... you don't use, like ... its like buying food inh@g You don't buy food so that
you eat it in a day. On that day. What about toram? For me, | think that you
don’t learn everything that you learn in a day ora year, to only use it in the
coming year or tomorrow. No! You use it — it's the future. You learn it so you
can relate it to other situations of ... y’know, oty about school academic, but
in other real life situationg/Kaone)

In summary, although most of the students interewaid that they deliberately used some
of the practices and other techniques they haddelwith me because they had found them
to be useful for learning, some of them also shad they used them because it was a means
of academic survival in undergraduate study. Sothers said that they did not use them at
all. I propose that they said that they did not pisestices because the two situations were too
different for the students to be able to recogmikere or how these may be used in the new
situation, even if they had believed that the pcasthad been useful in mathematics. Many
students commented on how useful the mathematieatipes or other techniques learned in
the Foundation Programme were in other facets @f tives, such as other academic work

and real life and work situations.

Students tended to comment more deliberately absimg learning techniques than about
using mathematical practices. They would identifpaaticular technique, such as ‘group
work’ or ‘writing letters’ and then describe howeth used it or not in first year. Their
descriptions of how they used practices in firsaryd were less deliberate. The words they
used were not specifically words taken from Kilpakret al’s proficiency, or Ball’s practices,
but their descriptions below of the practices thiegd were clear nevertheless. As students
began to use mathematical practices in undergradstatly, their practices were altered so
that they were usable in the new context of IT.sTikisignificant for understanding my third
research question and the fifth chapter is entiddyoted to how students actually used

mathematical practices in undergraduate IT study.

122



4.5.3. Use of mathematical practices

When | conducted my interviews, | found it difficib separate Kilpatrick’s et al (2001)

proficiency and the RAND Mathematics Study PanéBsll, 2003) through the students’

descriptions of what they did. | decided to inclukethe terms from both documents into
what | have called ‘practices’, although | am aw#rat some of the words | have used
originate with the ‘proficiency’ concept. | haveosin that practices were defined to “frame”
proficiency, because “a clearer articulation of tiie strands of mathematical proficiency
mean and how they relate to each other and intexemtthe course of a student’s learning of
mathematics” (Ball, 2003 p. 9) was needed (cf 1)3lxherefore argue that using terms from
both concepts was acceptable, although | would bavelate them back to the overarching
practices of representation, justification and gelation at the end of the study, in order to

ascertain which practices had been used by themstsigvhen solving IT problems.

From what students said, it appears that they ussitiematical practices in many different
ways in IT. As for mathematical proficiency, thegeactices are intertwined and
interdependent. This is shown in students’ comsjewhere more than one practice is
mentioned in a description of what the studentsuml think. Also, absence of a specific term
when describing a practice in a student’'s commeasaot necessarily mean that the practice
is not used or recognized by the student. Firgtily,student might not know the ‘name’ of the
practice being described, and is merely explaimh@t s/he does in a particular IT context.
Secondly, not specifically talking about a partezupractice may mean that the practice is
being subconsciously used. However, it is cleamftbe comments made that the practices

are not separate from each other, and are usddviténever necessary.

When the students spoke of mathematical practiveg often referred to what they were
currently doing, in relation to the mathematicahgiices established in the Foundation
Programme. They were not always specific abouththe a particular practice learned and
used in mathematics was used now that they wefiesinyear IT. For example, in the way

that Keabetswe described how he solved computgramuming problems, he showed clearly
how strategic planning of a solution was linkedhabw well he understood the problem, and
how components of the problem and solution fittedether by means of conceptual
understanding of content. At the same time, he epok Java programming — not

mathematics. His comment gives insight into how poty mathematical practices are
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interwoven, but also how they may be used in nothematics domains (I have highlighted

these key aspects of his comment).

“Ja, Java. Youhave to understand‘Cos right now we're doing ... what we are
doing right now is completely foreign from what eid last semester, because its
mainly design;and design is concerned with understanding cleaxishat you
have to do- first — before ... you can't just, likeyite it without understanding
You have taritically read and understandvhat you are supposed to dnd how
you associatevery, um, everything ..(Keabetswe)

Discussion, debate, argument and justification wereasionally referred to. The students
often spoke about the merits of discussion in iegrmathematics. While discussion does not
necessarily incorporate justification and argumémse two practices are largely dependent
on discussion. Therefore, while | do not assumée dhg time that discussion was mentioned
by a student, justification was also taking plabere were a few occasions where a student
spoke about arguing aiding understanding. | sugbastwhere arguing occurs, justification is
also likely to occur, because the person doing d@hguing or questioning of another’s
statement would also not be likely to let it restilusatisfied with the other’s explanation. The
actual use of justification was seen more in trek-taased interviews in chapter 5, where
students did not have to understand what justiboatvas in order to say whether or not they

used it.

“... Yeah, | think it really did help me because doother subject last semester, we
had together, um...if | did not understand somethigigis say Tunga knew better
than me, how else can | deal with AAd we always used to “fight’lt is not just
you showing me what to do, | want to know what ettad am supposed to do
and that will give me better understandirgf the subject, which is | guess is better
in the long runYou really understandvhat to do...”(Tapfuma)

“...um...I am still using the same approach in data ellaty and computer
modelling. In tutorials, we still work in groups,ewcome to sit together and
then...um...each and every one of us would presesblhigon andve have got to
debate, looking into the solution disagree and thamue in certain situations.”
(Kabo)

“...Arguing and reasoning it is the base of everyfiiiTungamirai)
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In the Foundation Programme Math B course (Appemdixstudents were encouraged to
question each other in terms of the proficiencwarsls (cf. 1.4.1.). A few referred to the
advantage of using questioning in order to bettgtlenstand content, justify claims and
interpret and solve problems. Again, the inter-delemcy and connection between
proficiency strands is evident in these commentsew students used questioning of their
own or a peer’s thinking in order to clarify a pkatn, justify why s/he should use a particular

way to solve it, and choose a solution process<ettd for the particular problem.

“... problem solving is actually now easier because..ul am ablgo ask myself
questions um...such as:Why am | doing thisHow am | supposed to do it? And
what am | supposed to do?” It really helped me, witblgem solving questions.”
(Keabetswe)

Using the practice of representation in many aspettT is crucial. Students never used the
term ‘representation’, but many described situaiarhere use of this practice was either
advantageous to solving a problem, or was a remeineé before solving the rest of the
problem. On the whole the students described ugipgesentations in IT, but did not mention
the mathematical representations they used in thdation Programme, such as graphing,

algebraic notation and formulae.

“... before you even write the program, yneed to have some sort of diagram
that actually shows youok; this element interacts with this element amsing
that, you actually find out that that is how youhale program is going to be
written and stuff ..."(Tungamirai)

Using representation as part of strategic planiingolve problems was described by a few
students. The close relationship of representatoproblem solving is shown clearly by

Kilpatrick et al (2001), and the fact that studesypske about how they linked the two showed
firstly, how their proficiency had increased, aretaendly, how they were able to describe

their use of these practices in the IT context.

“Yeah. Because | have, like, my website authorihgue to, like, draw mind map
of some — before | attempt — even for Java. | hbke, todraw a mind map of

how am | going to develop a codelow to design how am | going to approach

my design | have to like draw first. . (Keabetswe)

LM: Ok. And this is your decision ...? Not your lectusdling you to do it?
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K: “Ja, its my decision, because you can't like do $oimg you end up missing
out, making things become mixed up ... So you hdikeetdraw a pictureand just
show — like — maybe | should do this and, | havieodo this ... next ...”

During the focus group interviews | noticed thag 8tudents never referred to the practice of
generalisation. | knew that they had learned abmathematical generalisation in the
Foundation Programme, because, for example, thdynkaded to model information into
formulae in linear programming; and generalize rth@iowledge about gradients, tangents
and limits to produce for themselves a formuladésalibe gradient at a point in introductory
differential calculus. After having deliberatelykasgl one group if they used generalisation in
IT one student described where this practice mapgicable in IT, but he was not sure

about his analogy.

“For example, when we do Java, we have um...like.. $hgy“You have a class

and then each class has an attribute and methodebaviours.” So, usually, they

give us an example. They say: “um...think of a clikesum...Dog, and then the

dog would have a colour whether big or small,” soge would be like attributes.

And then the behaviours would be like um...it russ, fahat...what...what...The
general concept is like, it is still a dog but, hase now, each dog has different
attributes...”(Tungamirai)

However, when the students did IT tasks, they diel generalisation in certain of the tasks,
when required. More is discussed on this mattehapter 5. | have given an overview of the
kinds of statements made by the students regatdeigreported use of practices in first year.
| conclude that although the students interviewad mixed beliefs about whether or not the
practices they learned were of benefit to them mdeugraduate study, through verbal
descriptions of what they did, evidence indicales they were using mathematical practices.

4.6. Conclusion

Three main themes emerged from the focus groupvietes with my students concerning
their experiences of the teaching approach us#étkeifroundation Programme and their use of

mathematical practices. They are

1. Student awareness and views,

2. Opening up mathematics, and
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3. Usefulness of teaching approaches.

The students interviewed indicated that they samegtior often recognised the need for, and
used, mathematical practices and other learningntgues in undergraduate study. The next
process was to determine whether the students shewieenceof using mathematical
practices when doing non-mathematical tasks inuljexts. This addressed issues of transfer
of mathematical practices, which is an importanpeas of learning mathematics: if
mathematical practices cannot be used in otherestsbjthere are a couple of important

implications:

1. Whether or not a prescribed qualification in mathgas should be a pre-requisite for
undergraduate study in non-mathematics subjects autT.

2. How useful the learning of mathematics as a sulgedts own is for subsequent use
in other subjects that require maths; for examipldyusiness or biological and earth
sciences. An alternative possibility would then tme learn business-specific or
biology-specific or geography-specific mathematics.

Transfer of mathematical practices as demonstiayetthe task-based interview respondents

is discussed in the following chapter.
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CHAPTER 5

DATA ANALYSIS: TASK-BASED INTERVIEWS

5.1. Introduction

Task-based interviews were set up to answer pryndre third research question, which
asks, “In what ways are the mathematical practiaeght in the Foundation Programme used
in undergraduate study in IT?” Put in another wagsks about the transfer, as described in

chapter 2, of mathematical practices to IT.

This chapter first analyses the tasks in termshef rhathematical practices that might be
needed to do the IT tasks given to the studenecdRthat the students had been originally
taught to ask each other questions focusing onrthhematical proficiency strands in the
Foundation Programme mathematics class (cf 1.4.Ihgreafter, the practices that the
students actually used, (described by the termssingu procedures flexibly’,
‘understanding/explaining concepts’, ‘using reprgggons’, ‘questioning’, ‘justifying’,
‘disagreeing’, ‘strategising’, and ‘generalisingtd complete the tasks successfully are
presented (Tables 5.1. to 5.4.). The practicesthigastudents used were then categorised into
the practices of representation, justification gederalisation (Table 5.5.) The results showed
that the overarching practices (cf 2.2.2.yefresentationjustification andgeneralisation as
defined by the RAND mathematics study Panel (B#I03) were used by the students in the
task-based interviews, to a greater or lesser deffrevas found that the students did use the
mathematical practices that they had developedhduhe Foundation programme, but that in
doing so, used the practices in conjunction witiheottontent knowledge and practices from
other domains and life experiences, in order tovesdhe problems given in the IT tasks.
Therefore, from a cognitive perspective (cf 2.5vrying degrees of cognitive re-structuring
were required to solve the novel problems. Fromitaatsve perspective (cf 2.5.5.), the
students had to recognise the similarities betwdwn prior learning and new problem
contexts. In addition, they needed to recognise seldct from other contexts what was
useable in each new problem context. This findmgansistent with the findings of other

cognitive and situative transfer research (cf 2-5245.7.).
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5.2. Mathematical Practices: an overview

To reiterate, mathematicptoficiencyis what peopleshowwhen they are proficient users of
mathematics.Practices are what proficient peoplelo when they are engaged with
mathematical tasks. According to the RAND MatheowstiStudy Panel (Ball, 2003)

mathematical practices are

“the mathematical activities in which mathematigafiroficient people engage as
they structure and accomplish mathematical taskss Tocus on practices calls
attention to aspects of mathematical proficiencgt thre often left implicit in
instruction, going beyond specific knowledge anlissio include the habits, tools,
dispositions, and routines that support competesthematical activity”(p.11)

Mathematical practices are “the way in which peagdproach, think about, and work with
mathematical tools and ideas” (p.32). Examples wfhspractices include “mathematical
representation, attentive use of mathematical lagguand definitions, articulated and
reasoned claims, rationally negotiated disagreemgemeralizing ideas, and recognizing
patterns” (p. 32). | described these practicesetaitlas aspects of representation, justification,
and generalisation (cf. 2.2.2.); and argued thay thre interdependent. | also showed that
practices were defined by the RAND Mathematics $tanel (Ball, 2003), in order to frame
mathematical proficiency, which, in the Panel’sropn, needed to be more clearly articulated

(cf 1.3.1.). Therefore, mathematical practices jdiciency are inextricably linked.

Both mathematical practices and proficiency areherattics specific; but their possible
generic application over other domains requiringhmmatics, such as IT, allow for their
identification to be possible in these non-mathésatiomains. However, although the
context of the more technical side of IT is domspecific, the authority with which
mathematical representation, attentive use of madhieal language and definitions,
articulated and reasoned claims, rationally netgdialisagreement, generalizing ideas, and
recognizing patterns is used is strictly mathenahficf 2.2.3.). As such, the nature of use of

these practices remains mathematical.

Although the students might incorporate mathembgicactices in their approaches to solving
the IT tasks, my discussion of transfer suggeststtie practices would not be used in their
originally-learned forms, but would be altered bgit users in order to be rendered useful for
solving the IT problems — hence the possible imeggtion of a generic nature of these

practices (cf 2.2.3.). Students would need to uderoknowledge and experiences in
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conjunction with the practices, in complex comhiora$, so that the tasks could be solved.
This would make it sometimes difficult to immedigtédentify the mathematical practices

used.

This idea is viable from both cognitive and situatiperspectives. From a cognitive
perspective the significance of restructuring krexigie into more general structures is that
such knowledge may be used by the individual fortfansfer (Perkins & Salomon, 1989)
because it is no longer new and usable in onlykime of problem. Transfer theorists have
discussed in depth individuals’ needs to familetisemselves with new knowledge so that it
may be used over an increasingly wide set of proldaguations (e.g. Alexander & Murphy,
1999). From a situated perspective no two situatimncontexts are the same (Lave, 1988)
and therefore people solve problems by drawing fwdratever similar experiences they have
had in order to come up with a solution. In Lavefsnion ‘generalised’ knowledge is less
likely to be used to solve a problem because itoislinked with similar experiences and is
therefore less accessible. These are two very asimtg ways of understanding how
mathematical practices might be changed in ordesotee IT tasks. | explain in the second
part of the chapter how the students’ solving of tasks can be explained from both
perspectives. In the first part of this chapteridcdss the mathematical practices that are
embedded in the tasks and the mathematical pradheestudents used to do the tasks.

5.3. Task Analysis

In order to identify the practices used by the shig to do the IT tasks, the tasks were first
analysed in terms of the mathematical practiceswleae needed to do the tasks. The tasks
dealt with diverse areas of computer technologyaashole and also supported diverse
solution processes. The first was concerned with moportant security is when managing
any computer network; specifically with the desafra “lock out” setup when there are too
many incorrect login attempts by a particular netwwaser. The second dealt with the design
of a simple banking system, including security é&suwhat the system could do and who
could bank in the system. The third looked at thernal workings of a computer at the
circuit level — how the components of a circuit icblbe switched on and off in order to switch

the entire circuit on or off. The fourth was arerise at the programming level to investigate
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how a programme could be written to list all of grene numbers from 1 to 100. These tasks
have been named ‘The Network Task’, ‘The Bankingt&y Task’, ‘The Computer Systems
Task’ and ‘The Prime Numbers Task’ respectively, ttee remainder of this report. How
mathematical practices might be used in order teesthiese IT problems is indicated in my
analysis of the tasks below, in terms of the matkteral practices | expected to observe in the
task solutions. More detailed information, incluglimvorked solutions and detailed task

background and discussion is found in Appendix E.

5.3.1. “Using Procedures Flexibly”

Procedural fluency in computing largely entails Wty how to use the language-specific
‘syntax’ (see Appendix E for an explanation of ‘&) to write a programme that has been
designed to perform certain functions. Thus, | dad expect mathematical procedures and
algorithms to feature prominently in the IT taslecéuse they are specific to mathematics,
and unlikely to be used often in computing. Howeeartain mathematical procedures are

embedded in two of the tasks.

5.3.1.1. The computer systems task

The first part of the computer systems task death vall the possible simultaneous
combinations of ‘on’ or ‘off’ of three circuits. Bhnumber of possible combinations may be
calculated using probability theory, obtaining aswer of 2, or 8 possible combinations. For
the IT students who had done mathematics in thendrtion Programme, this could have
been done by trial and error, by listing all thentnations, by using a probability tree to
represent the situation and resulting sample spacby applying the binomial distribution
formula. When the students did the task they listed combinations of on or off
procedurally, without any explanation of the wagttleight possible combinations for three
switches could be determined using probability thiedrherefore, although listing the
combinations of “on” or “off” of three circuits wddi have been considered as requiring
conceptual understanding as it was taught in madhes) it was done as a procedure.
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For completion of the second part of the compugstesns task the procedures of factorising,
using the distributive law and use of identities $anplification were needed (see Appendix
E); although when the students learned this ITexilihey were given IT-specific names for

these procedures.

5.3.1.2. The prime numbers task

The procedural aspect of writing the programmeidbthe prime numbers from 1 to 100
entails using the mathematical definition of a @inmumber to write a ‘rule’ or ‘definition’ in

Java-specific syntax; so that when the programmes, i can ‘test’ each number that it sees
for its ‘primeness’. Therefore, mathematically, ttedent has to know the definition of a
prime number. From an IT perspective, the studast o know how programming syntax
may be used correctly so that the Java languagearapile the syntax to run the programme.
The programmer has to write a programme that wdplthrough all the numbers between 1
and 100, and ask the programme to test each nuimberimeness, using the test or rule that
was previously defined. The procedures and conadptse task are difficult to separate: one

cannot be done correctly without the other.

Writing a Java procedure for this task embodieseraatical conceptual components, which,
if not considered by the students when insertiregrttule/definition into the syntax of the
programme, will result in the inadequate runninghe programme. For example, the final
list may not contaimll of the prime numbers from 1 — 100, or it might tedm some numbers
which are not prime. In other words, what one degis the definition of a prime number will
determine whether or not a programme will be wmitteat fulfils the specifications of the
task. Therefore, for the definition, “a prime numizgea number that is divisible only by itself
and one”, flexible use of this definition, linkeditiv conceptual understanding is strongly
integrated with the programming syntax to be used important that when planning their
programme, the students question what a prime nuisikes well as what is not Therefore,
the algorithm chosen to test for prime numbers nai¢essarily incorporate how to test each
successive number from 1 to 100, how to test ifrthber is prime or not and what kind of

programming structures should be used that withégob most efficiently.
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5.3.1.3. The networking and banking system tasks

The networking and banking system tasks did notiregflexible choice or use of any

mathematical procedures; excepting for the progremgnmto the banking system at a much
later stage formulae that calculate interest actnrethe accounts. However, specifying and
using the mathematical formulae was not part obc planning of the banking system and

will therefore not be discussed.

5.3.2. “Understanding/Explaining Concepts”

Much of the conceptual understanding needed to mghe tasks was IT domain-specific.
However, some specific mathematical conceptual tstaleding was needed by the students
in order to complete the computer systems and pnumebers tasks. | suggest that if certain
specific fundamental mathematical concepts hadeeh organised into a coherent whole by
the student in the mathematics class, it is unlikieéy would be recalled in appropriate ways
in the new context of IT. In chapter 2 (cf. 2.5.4described how transfer is understood by
cognitive theorists to primarily entail the use me-defined units of knowledge in new
problem situations in daily life or the workplacAn@erson et al.,, 1996; Carraher &
Schliemann, 2002; Greeno, 1997; Lobato, 2006). @haeto have new and unfamiliar
knowledge are less likely to transfer that undeditag to unfamiliar contexts than those who
have “extensive length and breadth of subject eshknowledge” (Alexander & Murphy,
1999 p. 566), leading to depth of processing infidrom, strategic use of that knowledge and
generalisation of that knowledge, as demonstrdiemligh analogical reasoning’ (Alexander
& Murphy, 1999; Simons, 1999) (cf. 2.5.6.). | suggthat this “extensive length and breadth
of subject knowledge” is being able to explain #dencepts involved; and use them in
unfamiliar tasks requires the students to havelfanty with the prior knowledge as well as
the new situation, in order to see similaritiesamn the two contexts (Alexander & Murphy,
1999; Anderson et al., 1996). From a situative getve, recognising similarities between
situations requires the student to have deep ctmalepnderstanding of the prior situation —
allowing for increased flexibility (Boaler, 2000&) their knowledge, to make it useful in

other situations.
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5.3.2.1. The computer systems task

The computer systems task was an example of whdésts learned in their introduction to
computer circuit design. Designing circuits and @ifying other designs to their simplest
form is important because more complicated circgi¥e off more heat, which is undesirable
and an ongoing problem in computer hardware deditpre background about the task is
given in Appendix E. The task required the studémisst the possible combinations of three
circuits either switched on or off before the rendar of the task could be completed. The

rest of the task was to simplify the componenta digital circuit using Boolean logic.

Procedures, definitions and formulae are meaniesgleghout accompanying conceptual
understanding, because they become isolated. Cadgp understanding the binomial
situation of ‘ON’ or ‘OFF’, and using a probabilityee to help the students represent and
visualise it to solve the problem, would have beeipful for successfully completing this
task, although it could have been done procedyrahd without understanding. Also
required for the task were the understanding, pné&tation and use of the mathematical

symbols of set theory, 1 and n; as well as X and its complement

(X and X ( Xor "not X)) These symbols also exist in Boolean algebraintities and

carry similar conceptual meaning. The students esetb have sufficient conceptual
understanding of the Boolean identities, which badn more recently learned that year, to
manipulate and rearrange them if necessary to gimiile Boolean expression. Correct

manipulation of the identities required understagdiof combinations ofX, Y, Z

X, Y and Z, with the symbolg| and n .

The mathematics of this task was well within thepsc of the students’ conceptual
understanding, and should have been easy for twheehad studied mathematics in the
Foundation Programme. My focus was to determineettient to which the students could
use their understanding of these particular mattieadaconcepts to decide how and where
their knowledge could be used in the computer gysteask. | expected the students to be
able to make the link between what they did in piolity theory in the Foundation
Programme and Boolean algebra in the computermgst®urse — so indicating use of their

conceptual understanding in another domain.
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The second part of the task required the studentmceptually understand how Boolean
identities function, as well as how they can be imaated, to simplify circuits. The identities
in the text book were not written in all the possitvays in which they could be used, and a
couple of the identities needed for simplifying B@olean expression in the task required the
rearranging — sometimes in a fairly sophisticatey w using understanding of Boolean logic.
Therefore, the task required not only the choicethaf appropriate identity, but also the
understanding of how it may be used in an unfamiguation. In order to use them
strategically and efficiently, the students haditalerstand the components of the identities,
what they all mean, how they relate to each othed the ways in which they can be
substituted into a Boolean expression to simphty éxpression.

5.3.2.2. The prime numbers task

For the prime numbers task it was very importaat #tudents understood the implications of
a prime number being divisible by only 1 and itsé@lherefore, in their programme they
would have to apply this conceptual understandingecifying in their programme that a
‘listable’ number does not have any other factasepting for itself and 1; or that a number
shouldnot be listed if it is divisible by any number othlah itself and 1. These two ways of
saying the same thing would use differently-writtéefinitions/rules that the programme

would have to use in its test for primeness.

Computing students are usually aware that theyatsm often write the programme to solve
such a problem by finding a formula that will cdate the next required number from the
previous by using a formula. For example, if thegjion asked them to print all the odd
numbers between 1 and 100, the best way to wet@tbgramme would be to start at the first
odd number (1) and then tell the programme to addto the previous number to calculate
the next odd number. Thus they would write a |dwgt would repeat this formula until the
nearest odd number equal to, or less than 100aishesl. In the prime numbers task the
students had to understand that for prime numiber®tis no formula that can be written to
calculate the next prime number following the poer, and that they would have to devise
another strategy. Note that strategic thinkinghexefore also necessary to do this task; and |

will explain the strategic thinking required fortkask in the next section.
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Conceptual understanding in the prime numbers tagkgrates understanding the
mathematical definition of a prime number with ursiending the different ways in which
programming syntax can be used to solve the prabdasociated with this understanding is
choosing the best way to use syntax to produc@gramme which does what it is supposed

to do.

5.3.2.3. The networking and banking system tasks

Mathematical conceptual understanding is not embedd these two tasks. The only
conceptual understanding required to do these tas#éiscipline-specific. This immediately
calls for a question to be asked: Does the laakathematical conceptual understanding and
procedures mean that mathematics is not involveitheése tasks? A behaviourist might say
so, because transfer across settings or contesdfisethe principle of ‘identical elements’
(Carraher & Schliemann, 2002; Greeno, 2006). | artpat this is probably not the case at all.
Mathematics is not comprised of only procedures emdceptual understanding, although
many individuals might understand mathematics ia wmay. Kilpatrick et al (2001) argued
that mathematical proficiencycludes such elements; but that in a much more complex
manner, it is comprised of the interdependencylidiv strands of mathematics. Therefore,
just because the networking and banking systens tdsknot obviously entail mathematical
procedures and conceptual understanding, it doesnean that mathematical practices are
not embedded or used in these areas of IT. Inaebtéd. | show how different mathematical
practices have indeed been used in all four ITstask

5.3.3. “Strategising and Using Representations”

The reason why strategic competence as a compafemiathematical proficiency is so

important is because

“[students] encounter situations in which part dfet difficulty is to figure out
exactly what the problem is. Then they need to dtata the problem so that they
can use mathematics to solve iKilpatrick et al., 2001 p. 124)
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Commonly referred to in mathematics as “problenvisgl’, this strand deals with the

strategie5one uses to analyse a problem situation, représiersome way, and then design a
way to solve the problem. Problem-solving has kthensubject of much study, because the
possible use of problem-solving abilities in comseather than the contexts in which they are

most commonly-used, such as mathematics, is desyréature employees and teachers alike.

I surmised that recognising use of mathematicablpro-solving to IT problem-solving
would be difficult, because the strategies to bedu® solve problems are not predictable.
Different people can solve a particular problemdifferent ways. Transferring problem-
solving strategies to another domain would be awene difficult to identify, because we
would be outside the domain of mathematics. Wouldblem-solving skills used and
observed in mathematics be evident in IT? | fourtkids and Salomon’s (1989) discussion
of use or transfer of problem-solving skills useifulthis respect. Their discussion of use of
problem-solving strategies in novel situations heed around the hypothetical extent of a
master chess player’'s ability to successfully eg@se a battle plan. There were no similar
elements between a chegsmeand a real-life battlplan. However, it was believed by many
early cognitive theorists that the chess playeukhbave strategising skills to competently

produce a battle plan.

Perkins and Salomon (1989) use elements of bothitbeg and situative understandings of
transfer when they discuss generalised and codepandent strategies. They concluded that
problem-solving strategies could be both general aontext-dependent. Where general
problem-solving heuristics had been deliberatefivated in students, the students showed
increased abilities to use those learned heurigtiasew situations. However, people were
also seen to draw from more than learned heurjdticsolve problems in markedly different
problem situations. This deliberation of the diéfier levels of problem-solving abilities from
familiar to unfamiliar contexts led to their exp#ion of a “low road” and a “high road” to
transfer (Perkins & Salomon, 1989; Salomon & Pexkir989). Elaborating,

" The practice of ‘strategising’ has been descrilved few different ways (cf 2.2.1.); but the teromsed all
describe the tactical planning that one needs ttodmlve a problem. Recall that the term “stragiegy” is the

one used for the analysis of what students did vithey solved the IT tasks (cf 5.4.)
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"[the] low road" to transfer, depends on extensarel varied practice of a skill to
near automaticity [...]. A skill so practiced in ar¢ge variety of instances becomes
applied to perceptually similar situations by way wmesponse or stimulus
generalization. For example, having driven diffdrerars under a variety of
conditions allows us to shift to driving a truckria easily” (Perkins & Salomon,
1989 p. 22).

Conversely, a high road to transfer may be desgrésefollows:

“People sometimes abstract principles in advanceeping them in mind in
anticipation of appropriate opportunities for apgdtion, or, in a new situation,
reach back to prior experiences and abstract frévent principles that might be
relevant...[T]he expert chess player mobilized toesaig country in our opening
story would be expected to mine the context ofsch@schess-bound principles
such as ‘get hold of the board's center,” decontglxte them, and apply them in
forms like ‘let's capture or destroy the enemy'sno@mnd centers”(Perkins &
Salomon, 1989 p. 22).

The notions of low road transfer; that is, “autoatiaing practices skills” (ibid. p. 24), and
high road transfer; that is, “mindfully decontexisimg principles” (ibid. p. 24), or using
“deliberate mindful abstraction of a principle” idb p. 22); are useful in understanding how
mathematical problem-solving strategies can be usdd. Firstly, some of the IT tasks in
this study required low road transfer; which wobklevidenced by students using strategies
and heuristics practiced in my mathematics clasgrior to that, to solve a “perceptually
similar” (p. 22) IT problem. In these cases usenmthematical strategising would be
identifiable, because the mathematics would s#llpbesent. High road transfer of problem-
solving strategies is much less likely to be redsgph as mathematical, because it would be
abstracted from mathematics and applied to the prelvlem in any way necessary to solve
the problem. This kind of strategising in IT wiklmore a way of thinking than strategically
using mathematicsFor example, if a student was also a competees<iplayer, or played
online strategic computer games, these experiemegist significantly act with or without
mathematical competence to influence his or hdityabd problem-solve in IT.

| also suggest that the problem-solving requiredame of the IT tasks would be manifested
differently, because different people problem-soinedifferent ways, depending on their
personal understanding and organisation of the eygacthey are applying to solve the
problem; and also depending on the experiencesngud of the peers they may be working
with.
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Kilpatrick et al described how strategic thinkirgyimplemented in problem solving. Their
description of solving unfamiliar problems is rekebly similar to those of a low and high

road to transfer. For low road transfer,

“... [students] are likely to needxperience and practicen problem formulating
as well as in problem solving(Kilpatrick et al., 2001 p. 124kmphasis mine).

For high road transfer,

“A fundamental characteristic needed throughout greblem-solving process is
flexibility. Flexibility develops through the broadening of knésdge required for
solving non-routine problemsather than just routine problems ..(Kilpatrick et
al., 2001 p. 126jemphasis mine)

In terms of the IT domain, the computer systems matWorking tasks given in these

interviews were routine, and the prime numbers lzantking systems tasks were non-routine.
However, with respect to using mathematical prastichey were all non-routine, because
they existed outside of the mathematics domairadiition, proficient strategic competence
may be demonstrated in both the banking systemsamguter systems tasks; although the
banking system task was entirely non-numeric anittemr as a word problem, and the
computer systems task was almost entirely symbohés is partly why it is complicated to

define the strategising that may be transferreh fitoe mathematics to the IT domain.

The components of strategic competence includeitaetices of problem understanding and
formulation, representation, choosing solution tetyees, problem-solving and flexible
thinking. Concerning strategic competence in gdndrehave chosen to use the term
“strategising” when describing what some of thedstis were doing at the time.
“Strategising” is what | observed many of the resgents doing, and that term seems to be a
good description of what was taking place. In myadled discussion about the practices
observed in the task-based interviews, | explaimergpecifically what | mean when | see
them strategising, when necessary. Strategic canpethas closely associated with it the

essential practice of representation.

Representation, a practice identified by both th&NR Mathematics Study Panel (Ball,
2003), and Kilpatrick et al (2001), is key to pretl-solving. Being able tanake a
representation may require conceptual understantimgusingit to help solve the problem

falls into the realm of strategic competence (Kiljgk et al., 2001). Kilpatrick et al describe
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in detail the role of representation for the sgatelly competent student. It is interesting to

observe that representation of a problem may beshoa variety of ways.

“ ... the student's first step in solving [the probilp is to represent it
mathematically in some fashion, whether numericaiymbolically, verbally, or
graphically ... Representing a problem situation iieeg first, that the student
build a mental image of its essential components (Kilpatrick et al., 2001 p.
124)

Much of the representation in IT is done by meahsoftware, designed specifically for the
user to represent a system to ascertain if it wbeere writing the necessary programmes to
make it function. Alternatively, representation miag written simply in the form of mind
maps, flow charts or tree diagrams, or even lesadlly, for example, as a system of arrows

linking ideas or a group of pictures representigigegts of the larger system.

It is important to point out that in computing, dikmathematics, there will be levels of
proficiency observed in individuals. One cannoass, just because a problem has not been
represented visually, that problem-solving skille Eacking, or that an individual’'s strategic
competence is limited in some way. Representatiay Inoe mental, which may indicate better

strategic competence:

“In contrast, a more proficient approaclis to construct a problem model— that is,
a mental model of the situation described in thebfgm. A problem model is not a
visual picture per se; rather, it is any form ofmted representation that maintains
the structural relations among the variables in tm@blem” (Kilpatrick et al.,
2001 p. 124) (emphasis mine)

During my analysis of the task-based interviewshwiite computing students | looked for
evidence of mental and written representation. lslergpresentation might be indicated by

verbal descriptions of the problem, and/or posssbletion strategies discussed with a peer.
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| commented previously that Jodo and Alairere likely to produce better worked solutions
for the tasks than the respondents were, becaagentdd had more experience dealing with
solving problems in these areas of IT. (c.f. 3.#herefore, while their solutions were not the
only way to solve the problems, nor necessarilybibgt way, their knowledge and experience
made it possible for me to predict and understamdesof the solution strategies that might
have been used by the students. They shared theftasoducing model solutions to the four

tasks, some of which are shown, and others disdussterms of their key ideas in appendix

E. Each of these solutions is only one way of sgvihe tasks, and | did not expect the
students to reproduce them. | did, however, expeabserve the students using “flexible

thinking” (Kilpatrick et al., 2001) in order to dihe tasks. The strategising | expected to

observe in the tasks is described below:

5.3.3.1. The computer systems task

The implementation of strategic practices beconmgmrtant in the computer systems task at
the point where Boolean identities must be usesinplify a Boolean expression that defines
the design of a digital circuit. Designing a citcwvith multiple switches requires the
combination of switches/components to be in itspsast possible form, with the smallest
number of components possible — a large numbepwiponents means that the size of the
processor chip to be used will have to be biggéickvwill increase the heating factaf the

chip during use.

8 Recall that Joao and Alain helped me in my taslebanterviews. They had been my students and imere
their final undergraduate year at the time of tterviews. Because they were by then subject Sisjahey
were valuable to me in interpreting the tasks,rgivine a good idea of the practices that would leeled to do
the tasks, drawing up model solutions, and intémpgestudents’ comments and probing them furthemduthe

interviews.

° It is well-known that control of heating with resg to computer processors is of primary concerptoputer
system designers (e.g. Gomaa, Powell, & Vijaykur2@f4).
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Understanding the problem in this case involves Hmvstudent is able to recognise that the
given expression is not in its simplest form. Knogviwhat the Boolean identities are, and
understanding how they may be manipulated to fat#litheir implementation in the solution
is necessary for being able to subsequently chedseh identity may be used at any

particular time to simplify the expression.

5.3.3.2. The prime numbers task

Different kinds of strategic thinking are needed ttus task. Firstly, closely tied to the need
for the students to consider that a prime numbaeativsible only by itself and one is the
ability to use this understanding strategicallyiriolude in their programme what makes a
numbernot prime This consideration would demonstrate their untdeding of the problem,
as well as initiate formulation of a programmingagtgy. Using representation to aid their
thinking process may take the form of a list owfldiagram, or be mental. Secondly,
decisions must be made with respect to the dediginecactual programme layout. Refer to
Appendix E, where | have discussed a possible progring strategy in more detail. Use of a
“loop” would be the most effective way to write theogramme; but depending on how the
loop is implemented, different “syntax” or program language would be used. Decisions
made early on in the solution process would haweifigations throughout the rest of the
programme. For example, if an ‘if — then’ statemisnised, then the syntax to be used for the
rest of the programme must be compatible with the then’ statement. In computing this
kind of decision is termed a ‘selection construat’‘decision construct’, which also shows
that it is within the realm of strategic thinkingdadecision-making. The objective of this task
was to determine if, and to what extent, the sttgl@rere using strategic thinking, in both
their programming and in the content being usettiénprogramme. They would need to work
flexibly with earlier decisions made, and followrdhgh with further related decisions in

order to write a functioning programme.

Representation takes the form of Java-specific ygnénd syntax. It is possible to plan the
programme without the use of these symbols andagybut it would not be possible to write
the programme without using them. Neverthelesspitld be useful, but not essential to use

Java syntax during the planning stages. Syntaxsamibols that should be used might include
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“if”, “*do while” and “run” statements, and definiins of the programme variables that would
be used, such as “integer”, or “number”. In additithe use of representations such as flow

charts or mind maps would be beneficial to the mpilag of such a programme.

5.3.3.3. The networking task

The banking system and networking tasks did natlirermathematical content, but required
an ability to make strategic decisions. Therefdhe presence of mathematics would be
obscure, although the practice of strategic thiglshould have been evident when the task
was attempted. The content and conceptual unddistam the networking task were new
for the students. They had only started the coursthe same semester as the tasks were
given, and they had not done a similar course poidhis. Therefore, | did not expect them to
demonstrate a variety of strategic practices, tez#uey were still acclimating themselves in
terms of content (Alexander & Murphy, 1999). Furthere, it has been shown that students
need to have a sense of purpose of use of priowledge in the “situations in which the
knowledge can and should be transferred” (Alexa@d&furphy, 1999 p. 563}rom this, |
suggest thathey should have a certain amount of familiaritghma new context before they
can recognise what prior learning may be applicébleolve problems related to it. The task
difficulty was actually of a low level (refer to Apndix E), and the question required a
solution approach that would have been knowledgallrand procedural for a student who
was more familiar with the subject matter. Howevscause it was new for the students in
the study, | understood it to need a certain amainstrategic thinking at the time the
interviews took place. The strategising in thisktastailed using the text book to aid the
systematic interpretation and understanding of vezath layer of a network is responsible
for; understanding its role, and then making a sleniabout its role in network security and
lockout. The text book explained and summarisedfathese aspects of a network, but the
task required the student to think about how tlgerlaworked together as a whole in order to
provide all aspects of the network to the systamluiding security. Once the role of each
layer was understood, the layer(s) responsible efocryption and decryption could be
identified (a more detailed description of the tgbikind of thought process needed to answer

this question is seen in Appendix E).

143



Using representation in this task is more at a ephal level, where the names of each layer
are a representation of what the layer is respndidr in the network. The strategic
competence needed in this task does not requirer dimnds of representation, but does
require conceptual understanding of the layers inetwork, as well as argumentative

reasoning, which will be detailed in the next sactfcf. 5.4.5.).

5.3.3.4. The banking system task

The banking system task was extremely complicaiée. students could have spent much
longer on the task than the sixty minutes that theye given. Decision-making at many
different levels was required of the student. Tdektrequired the student to be able to judge
possible ramifications of a particular decisiondvefgoing through with it, and accordingly
accept or reject that decision; and then hypothaseswv possibilities. Decisions made at the
outset would significantly influence those madeiat

While doing the task later realisations that atieadecision was not the best that could have
been made may also have necessitated alteratittosé decisions. Alternatively, additions
could be made to the design if an element had beetted; but with the possible need to re-
start the design from the beginning. The task foeeeincorporated decision-making at
multiple levels, together with the need for studeiottake into consideration other important
aspects while trying to make strategic decisionsualthe best design to use. These other
aspects included the kinds of accounts a persold apen; the personal details that might be
required by the bank; the different kinds of inggréhat could be calculated for a bank
account; or the ways in which the account holdeesewadded to the database of account
holders. In Appendix E | have shown as best aslas a non-IT specialist writing to non-IT
specialists how strategic thinking and argumentatib multiple levels influence future and
past decisions; how multiple strategies, decisamd a high level of flexibility are needed to

design a simple banking system, and how a possilgion for the task might be reached.

Furthermore, a solution would ideally include aresgntation of the banking system as a
whole, indicating how, for example, information abaohe customer, the kinds of accounts,

how data is stored, and how interest is calculadesl inked to each other and how they may
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be “seen and called” by the programme. The reptaBen used and the decisions made
during task progression also inform each other.t Thausing representation should help the
students to fine-tune their thinking; but in atteimg to make a representation of the system,
students first have to determine the kinds of el@mehat will be in their system. For

example, a decision to sort different attributeshef system into classes may lead to an initial
visual representation using a particular combimatd class diagrams; which in turn may

show that certain aspects of the big picture assimg. This would subsequently lead to the
alteration of the decisions initially made. In tleisample, a visual representation is valuable
to the system designer(s) because it shows inr@ttorm where the design may need re-

consideration.

5.3.4. *“Questioning, Justifying, Disagreeing and Geeralising”

Kilpatrick et al (2001) describe the strand of adagpreasoning as,

‘... the capacity to think logically about threlationships among concepts and
situations Such reasoning is correct and valid, stems franeftl consideration of
alternatives, and includes knowledge of howjustify the conclusions ... Our
notion of adaptive reasoning is much broader [tliammal proof and other forms
of deductivereasoning, including not only informal explanation and jifatation
but also intuitive andinductive reasoningbased onpattern, analogy, and
metaphor. (Kilpatrick et al., 2001 p. 129) (emphasis mine).

The strand of adaptive reasoning includes “pattanalogy and metaphor” (generalisation)
and “reasoning” (justification) in one strand, asdhe reason why | discuss them under a
single heading. Generalisation and justificatiom @nsidered as two distinct practices by the
RAND Mathematics Study Panel (Ball, 2003). Accogdito the Panel, ‘questioning,
justifying and disagreeing’ are practices linkedhathe overarching practice of ‘justification’,

whereas ‘generalising’ is a practice in itself.

The Rand Mathematics Study Panel (Ball, 2003) dessrjustification as being able to make
“articulated andreasonedclaims [and participate injationally negotiated disagreement”
(p. 32). All of the words in this description amagortant because they describe the different
but essential components of justification, and Yehaighlighted some to bring attention to

their significance. Reasoning is more effectivetifis well-articulated and rational. The
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‘negotiation’ that takes place during argumentatioings meaning to the discussion between
two or more people. ‘Meaning’ is described by Wen(998) as a crucial component of
learning. ‘Disagreement’ encourages people in ahemstical argument to call for
justification from each other in order to obtaimrdication of claims or suggestions. Use of

these practices in other domains would thereforeidpdy valuable to the student.

| first discuss the components of justificationl ase them in my analysis. | found it easier to
use the terms, ‘questioning, justifying and disagrg’ in my description, because of the ways
in which the students did the tasks; before grogipiem under the practice of justification.
Thereafter, | discuss the practice of “generalisiigImilarly to “strategising”, | suggest that
mathematical use of ‘questioning, justifying andagjreeing’ in IT is not always easy to
identify. Making claims and justifying them will lmain-specific, because the justification
for making those claims will use conceptual reasoos that domain. Although reasoning
with justification must be used in IT, can we knthat it was a mathematical skill used in the
IT domain? Or is it a mixture of practices from ieais domains that have been implemented
because they are useful to doing these kinds dhs$ks (far transfer. Perkins & Salomon,
1989)? Can we project what mathematical reasortingld look like if or when it is used in

another domain?

| found it very difficult to analyse some of theska in terms of the mathematical questioning,
justifying and disagreeing that might be used. hkes sense that the tasks containing
mathematical procedures, concepts and strategiesdwie easier to analyse in terms of
mathematical justification used. They are the prmmambers and computer systems tasks. The
banking system and networking tasks, which do nwblve these mathematical elements,
require the use of reasoning with justificationt the presence of mathematics is obscure. |
discuss each of the tasks below in terms of thd f@ereasoning with justification that may
be embedded in the task, but | do not argue thatjubtification used necessarily only

originates in mathematics.

My students had been encouraged to reason usiiogaly negotiated disagreement while
they were studying differential calculus in partaou Before they studied this section in
mathematics with me, they had been encouragedet@alusf the mathematical practices; but
the encouragement had been implicit. When | redlteat some students were beginning to
use practices, such as reasoning, disagreementinggjustification and strategic thinking
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more frequently, but others were not, | began tooarage them more explicitly to focus
specifically on the different strands of proficignaVhen they started learning differential
calculus | explained to them what the strands ofigiency entailed and why their knowing
about the strands should improve their mathematddlity. | showed them how to ask
questions of the other members of their groupsssto purposefully focus their attention on
the different strands (cf. 1.5.1.). For exampleytbould use a question such a&y do you
want to do it like that?to draw justification from a peer of a solutionag@roblem they were
given. Alternatively, a question such agat is actually the problem here®ould be framed

to the whole group to focus everybody’s thinkinggoblem identification, so that solution
strategies could be initiated. Therefore, questigreach other in order to learn became a

focus of doing mathematics during this time.

Being able to formulate a question served two irtgmarlearning goals for the students: One
was that in order to formulate the question, aestticheeded to think carefully about what was
taking place in order to frame the question in saskay as to be understandable by those in
the group. In so doing, the student would haveoktu$ attention on the specifics of the
problem. The other was to press the other group beesnto clarify and explain their own
thinking, so as to be convincing — whether it wamaeptual and/or strategic and/or
demonstrating reason/justification. | suggest #idtough ‘questioning’ is not a mathematical
practice described by the RAND Mathematics StudypePgBall, 2003), it may be a
significant practice that teachers and studentsildhoe encouraged to work on, because it
frames students’ thinking in terms of the differeaspects of mathematical proficiency. |
looked for evidence of questioning during the tasised interviews. Wherever | observed
questioning being used | interpreted it as pathefpractice of justification, as it most closely
associates with ‘reasoning’ or ‘rationally negatatdisagreement’, encouraging students to
think about how best to frame an answer to a quesiiVhere students were specifically
disagreeing with each other | specified the practltat they were using as ‘disagreeing’.
‘Disagreeing’ did not necessarily have justificatiassociated. This would imply that one
person would be requiring justification from théet, but was not experiencing an attempt to

be convinced by the other person.

The inclusion of “inductive reasoning based ongrattanalogy and metaphor” (Kilpatrick et
al., 2001 p. 129) may be understood as part ofptiaetice of generalisation. Concerning

generalisation, it is worth investigating if gerleyad mathematical knowledge can be used in
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another domain. | do not use the term ‘generalisadthe transfer sense, where some
cognitivist theorists argue that learning has togbeeralised, or de-contextualised before it
can be transferred. | refer to ‘generalisation’ aasnathematical practiceGeneralization
involves searching for patterns, structures, andatrenships in data or mathematical
symbols (Ball, 2003 p. 38). One may argue that similastiexist between the two meanings
of the word, and | agree; but the difference betwteem is that the latter does not entail
‘decontextualisation’, but rather is used to ddsxria specific practice mathematically
proficient people do when they are working withtpats. If used in the latter sense, | propose
that rules generated while working with mathemétigatterns may be useable in other
domains, such as IT. If used in the former sen@®pose that mathematical patterns may be

generalised or abstracted into non-contextual ragsinciples, for use in other contexts.

If the problem-solving process is only internal anot verbal, one cannot observe the
strategising, decision-making and deliberation waithwithout justification taking place. One
may only observe the outcome of such processesxXammple, when a person thinks through
a problem on his or her own, s/he might go throagitumber of repeated cycles of personal
suggestion and rejection with or without consciqustification of either. This makes it
difficult for a researcher to analyse. Althoughstlprocess could be understood as part of
strategising | discuss it here. When a personitkiting strategically, other practices are being
used at the same time. For example, considering rajetting strategies incorporates
reasoning, which in turn incorporates justificatiohwhy a strategy should be considered

further or rejected. | suggest that personal raagonould use similar processes.

The initial planning of a system requires a chatand subsequent decision about the design
to be used, which will in turn require justificatioChoice and justification thereof will
require proficient conceptual understanding ofréguirements of the task, and what the best
way will be to do it — particularly because suctktaare usually done in teams, and there will
naturally be much argument as how to tackle the problems. | believe that strategic
competence and adaptive reasoning are stronglyesepted in the tasks used for my

interviews.

I have on numerous occasions in the past discuslkdlifferent IT lecturers why they think
that mathematics is necessary for learning IT. Semé it is not necessary. The common
response from those who have mathematical backgsowas that being able to do many of
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the IT units on offer at university requires themthink strategically and be able to think in
abstraction. While this is a vague statement, ehaxplained that strategic thinking is related
to making “articulated and reasoned claims” (Ba003). | suggest that abstraction is related
to generalisation — both of which have been ideaifoy the RAND Mathematics Panel
(ibid.) as mathematical practices. Therefore, it ba argued that mathematics is necessary
for learning IT.

5.34.1. The computer systems task

The first part of the computer systems task coedisf determining how many combinations
of three switches would turn a circuit on or oféXpected to observe little disagreement with
respect to how this could be determined because&elwas not involved in the process,
although even recognising whether choice is inwblee not requires some reasoning with
and without justification. In the second part oisthask | expected to observe claims with
justification about how and when different idemt#ti could be used in simplifying the

expression.

Using Boolean identities required working with ahbstion and generalisation, in that the
identities themselves are generalisations whicld rieebe understood and used flexibly to
simplify given expressions. Manipulating the idéaes required staying in the realm of
abstraction in order to present the identity inifecent form which would make it more
useable for simplifying the expression. Simplifioatby substituting a term in the expression
with an identity is still staying in the realm dstraction — at no time during this process will
the student use numbers or evaluate the expresEm@nfinal answer is given as an abstract
set of terms which is translated afterwards to agm@im of a set of components, which
represents the computer chip to be used. The véh@ecise is maintained at a relatively high
level of abstraction.
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5.34.2. The prime numbers task

This task required multiple levels and types oftstgic thinking, which should in turn
promote incidences of suggestion with justificatioor rejection of suggestions with
justification as the students thought about whaukhbe included in the programme and the
ordering of programming syntax. The ways in whieasoning and justification could be used
in planning the prime numbers programme are owtlineAppendix E. Details are not given,
because the programme could be written correctlynany different ways. Questioning,
justifying and disagreeing will probably be obselwehen students decide on the kind of
structure the programme will take (for exampleda.:.while’ loop, as opposed to a ‘repeat
until’ loop). Which syntax to be used inside theim&tructure will also need to be argued and
justified; as well as how the variable in the pegme should be defined. | expected
mathematical reasoning in this task to revolve adoliow to test for prime or not prime, and
what would be considered a good test, from a progriamg perspective. Examples of what

could be argued is found in Appendix E.

The task deals with abstraction at different lev@sfining a prime number symbolically
requires abstraction of the definition, in that onay define a prime number in words easily,
but in order to tell a computer programme how tocognise a prime number, the students
must use symbolic notation as a representatiohaifdefinition, within the correct syntax of

the computer language.

5.3.4.3. The networking task

For the networking task, justification of the démmsmade as to which network component(s),
or layer(s), are involved in security revolves amdwnderstanding what all of the layers do,
and justifying a claim that a particular layemotinvolved in security. The explanation in the
model solution in Appendix E shows this more cheaRejection of a claim that a layer is
involved in security requires an explanation of hibw layer functions, and what it does not
do. Justification here depends on the conceptudgnstanding of the functions of the layers.
No mathematical concepts are needed. Like theegiathinking required in this task for new
students, questioning, disagreeing and justificesud! be at a low level; because the task will

ultimately be found in the realm of knowledge résahen the students have finished the
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course, and as such, will not be a topic of mugum@ent and discussion. No generalisation is
required for this task.

5.3.4.4. The banking system task

Having already described the complexity of straaegrequired for planning of a good,
efficient design for a banking system, | expectdigeing, reasoning and justification to be
present during the planning. So many differentgtesiare possible and typically, with a team
of designers, generally the case in IT project8emdint people will come up with different,
equally legitimate design strategies. Team membzdrfave to convince others of the worth
of their ideas or argue against others’ strategibsth requiring justification. Furthermore, |
argue that this task will not advance without disagng and justification taking place with
each decision made, because it is extremely rebanstrategic design with accompanying
argumentation prior to any plan being produced. Amstification taking place is domain-

specific, and no mathematical concepts are usdddriask.

The whole banking system is actually a generatisatbecause it is an abstraction of the
future working programme, before the programme Ib@sn written. Other generalisation
required within the task is evident in the decisidhat will need to be made (Appendix E)
concerning the information the classes will cont&iow information will be accessed from
where it will be stored, and the elements of thekba system that will apply to all
individuals in the system. Generalising the platags dealing with any variations in client
information, account types, changing interest redesl requires a great deal of abstraction at

all levels of the task solution.

5.3.5. Productive Disposition

“If students are to develop conceptual understagdiprocedural fluency,
strategic competence, and adaptive reasoning #&slitthey musbelieve that
mathematics is understandable, not arbitrary; thaith diligent effort, it can be
learned and used; and that they are capable ofriiguit out” (Kilpatrick et al.,
2001 p. 131) (my emphasis).
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| draw on Kilpatrick et al's (2001) discussion abguoductive disposition in mathematics,
and suggest that if there is evidence that matheahgiractices can be transferred to other
non-mathematics contexts, then so too must prodeidisposition be transferred along with
these practices. The reason why | claim this isabse of Kilpatrick et al’'s claim that the
strands are fully inter-related and inter-dependdrdne is missing or under-developed, the
others will be affected negatively; and if all abpedural fluency, conceptual understanding,
strategic competence and adaptive reasoning aserirehen it is reasonable to assume that

S0 is productive reasoning.

I will not discuss this strand in much detail imstBection. It was possible that doing IT tasks
was not conducive to drawing out what studentselell about mathematics and their own
abilities to do mathematics. However, it was pdssiby listening to what they said, that |

would get a sense of what they thought about teéulreess of mathematics in other domains.
It was not possible for me to predict where | thaugroductive disposition might be used in
the IT tasks because productive disposition is ipbssnore hidden as an indication of

personal beliefs about mathematics — and | thezefaited to see if it was present in any

way, and reported it when observed.

| also wondered whether productive dispositioprésent, is perhaps functional in facilitating
transfer if it is present. In other words, if Kitpiak et al are correct, that if a student believes
that mathematics is understandable and usefultretdhis belief positively impacts the other
strands, then it is possible that this belief wiio positively impact how well the student can
use his or her mathematical practices in new césitéralso suggest that understanding where
productive disposition ‘fits’ into transfer of matmatical practices in this way may aid me in

the analysis of transfer from a situative perspecti

Having analysed the tasks in terms of the mathealagractices | expected to observe, |
remind the reader that their use would be withie tlew context of IT, and it is therefore
unlikely they would be used in the same way as theyld have been to solve mathematical
tasks. | suggest this re-contextualisation is remgsfor success in using mathematical
practices in a new domain. Because the students to&t prior to participating in the task-
based interviews that | would be looking for theds of mathematical thinking they would
be using to solve the tasks, the possibility thatytwere linking what they were doing to
mathematics was made more explicit that it wouldeotise have been, if they had been
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solving the tasks in their ordinary undergraduatersework. The next section discusses the
extent of students’ uses of mathematical practigbsge doing first year undergraduate IT

tasks.

5.4. Mathematical Practices Observed in the Task-Bzd

Interviews

5.4.1. An Overview of the Practices Used

Each task was analysed in terms of the numbenmgithe students used specific practices to
complete the task. Average frequencies were cakmjldut | emphasise that the frequencies
provided are only shown to give the reader an afeshich practices were used more or less,
and relative to use of the other practices. At moetdo | attempt to use this data for
quantitative analysis of observations. The resaréssummarized in Tables 5.1. to 5.4. below.
The terms used for the practices listed in Tablds & 5.4. are my own (cf 1.2.), and are
designed from my understanding of proficiency aratpces, to aid in describing accurately
what | saw the students doing. These terms werne rtflated back to the three overarching
practices of representation, justification and gelgation, as shown in chapter 2 (Table 2.1.),

so that | could ascertain if transfer of mathenadfractices occurred or not, and how.

541.1. An Overview of the Practices Used by Shislen the Networking
and Banking System tasks

Since mathematics content was not involved in theking and networking tasks, the
practices observed, shown in Tables 5.1. and ®IPwh were associated only with the task
subject matter. Tables 5.1. and 5.2. show thavfalhe practices are represented, excepting
for representation and generalisation in the nektingrtask which did not require any sort of
written representation or “rule” formulation. Tabfl. shows that the networking task
required more explaining concepts than other pesfias expected, because the subject

matter was new to the students. Use of the othaatipes would have been limited while the
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students were still grappling with the new concepithis observation is in line with

Alexander and Murphy’s (1999) argument that newesttbmatter requires acclimation before

other knowledge may be linked with it.

Table 5.1. The Mathematical Practices Used to SthigeNetworking Task

Task 1: Networki 2 g 5| o > | o o
ask 1: Networking & ==X = | 8 o £ £ =
o3 > c.=q o c £ Q 0 2
€O o SEw < o > o o) <
o 8= n o 2 D 0 5 = o o )
Dol © 29 o9 ) @ o © c
a”| Eo° g & | ° 5 | & 3
D —

Kabo and Molefhi - 10 - 5 4 1 -
Ravi and Tinashe 1 8 - - 3 6 -

Eric and Tungamirai Did not do this task due toetioonstraints
Mean frequency (to the 1 9 - 3 4 4 2 -

nearest whole number)

Table 5.2. shows relatively high incidences of ustiding/explaining concepts,
representation, justification and strategising. &se none of these were used to do any kind
of mathematics, the question may be asked as tas$@ciation of these practices with those
learned in the Foundation Programme mathematicss.claexplain towards the end of the
chapter, from a situative perspective, how mathealapractices might be related to IT (cf

5.5.2).
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Table 5.2. The Mathematical Practices Used to SthledBanking System Task

c

Task 2: Banking Systen] 8 g 2y -% 2 o 2 2 2

oS> S =9 o = £ @ 2 2

£835| 8£¢ £3 | S 2 o > S

o 8= n o 2 R D = (=) 2 o

508| 825 o9 o 3 3 © =

a”| E®° s| o | 7 o | 8

D —
Kabo and Molefhi 2 12 10 31 13 28

Ravi and Tinashe 5 13 11 8 3 16| -
Eric and Tungamirai 1 12 6 4 13 6 13 4
Mean frequency (to the 3 13 9 4 17 7 19 1

nearest whole number)

5.4.1.2. An Overview of the Practices Used by Stislen the Computer

Systems and Prime Numbers Tasks

In general, the students who did the computer syst@and prime numbers tasks used all of
the mathematical practices listed. Mathematicalter@nwas embedded in the Computer
Systems task (cf. 5.3.1.). Refer to Appendix E #for explanation why. Therefore,
mathematics was embedded in any discussion thktgiaae, even though it was within the
domain of IT. Concerning the prime numbers taskengtstudents were to write a programme
to print (list) all the prime numbers between 1 dfi, the programming itself required
programming syntax and conceptual understandingiwhias not mathematical in content.
The discussion that ensued between students dinigmtask swung between the mathematics
of the task and the syntax of the programme. Thesefwhen reporting the practices |
observed during the completion of the Prime NumBersk, | differentiated between those
that were programming-related and those that werth@matical. Tables 5.3. and 5.4. below
show the mathematical practices used in the Com@ystems and Prime Numbers Tasks
respectively. The numbers of incidences that wpeeifically mathematical in content used
in the Prime Numbers Task are shown in bold numimelsackets after the total number of

incidences observed for that practice.
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Table 5.3. shows that the students tended to use mnaderstanding/explaining concepts,
representation, justifying and strategising in gah® complete the Computer Systems Task.
Incidences of using procedures, questioning eaclrotlisagreeing and generalisation were
observed relatively fewer times. Table 5.4. shdves strategising and justification were used
by the students in the Prime Numbers task much rfrecpiently than the other practices;
although the practices of understanding/explaiogcepts, representation, disagreeing and

generalisation were used often during the task.

Table 5.3. The Mathematical Practices Used to Sthise€Computer Systems Task

[@)) c
TaskSS: ?omputer 8 _ % 2y -% g’ o g g g
ystems D32 ==t o= € @ 2
D82 82g | 22| g Z 5 o S
s7| 2o &5 o | ° o | @ O
D —_
Rudo and Tungamirai 3 10 4 3 11 5 11 1
Jennifer and Carol 4 6 6 4 5 - 5 -
Ditso and Keabetswe 3 13 6| - 4 - 6 3
Kaone and Yvonne 5 7 6 1 5 1 7 1
Mean frequency (to the 4 9 6 2 6 2 7 1
nearest whole number)
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Table 5.4. The Mathematical Practices Used to Sthieé’rime Numbers Task

[ X 0
Task 4: prime numbers| £ 52 S| o > o o
(specifically 2 s £ e g | £ 2 S G @
mathematical practices | & & 53 25| S 2 =4 > ®
in bold — others are 23 v 2 38| ¢ @ S T 2
programming specific) = ° = & (0g i [a) n 3
- S5a =
Rudo and Tungamirai (1) 9(6) 4(3) 1(0) | 1610) | 94) | 2417) | 3(2)
Jennifer and Carol (@) 7(5) 7(7) 2(1) 9(6) 6(4) | 22(11) | 7(7)
Ditso and Keabetswe (L) 9(5) 5(4) 43) | 1Z6) | 21) | 16(12) | 7(5)
Kaone and Yvonne (1) 4(4) 8(8) 2(2) 7(6) 5(4) 12(7) 5(5)
Mean frequency (to the| 2(1) 7(5) 6(6) 22) | 147) | 6(3) | 1912) | 6(5)
nearest whole number)

Tables 5.1. to 5.4. provide an overview of the ficas that | observed the students using
while they were doing the tasks. The question, wewnewas whether or not there was
evidence of use of mathematical practices develapethe Foundation Programme. The
following section relates the mathematical proficig observed while students did the tasks,
and relates this to the practices, as previoustgrilged in section 5.2.1. This section provides
more detail about what the students did when theyewdoing the IT tasks. Thereafter, |
discuss all the observed practices with respettitdmverarching categories of representation,
justification and generalisation (cf. 5.2.), anédwlrconclusions about whether or not | can
argue that mathematical practices were transfeaechrding to constructivist and situative

perspectives. In what follows | discuss each preficy strand in relation to the four tasks.

5.4.2. “Using Procedures Flexibly”

Most of the procedures and algorithms required Weé&reliscipline-specific and also task-
specific, although mathematical procedures wereesomes required for completing the

prime numbers and computer systems tasks. Onlprih@e numbers and computer systems
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tasks were analysed according to how the studesesl procedures flexibly. All of the
students interviewed were able to use mathemagitroaledures flexibly to a greater or lesser

extent within the scope of the tasks given to them.

54.2.1. The prime numbers task

The students reminded themselves of what condittite set of prime numbers and then
planned how to test if a number is prime or notcluded in their discussions was
conversation around even and odd numbers, and hiave mumbers relate to these. Yvonne
and Kaone specified that a prime number is nosibie by anything except for one, but later
realised their mistake through discussion and ctecethemselves to mean “divisible by itself
and one”. The others defined a prime number asgbeinumber divisible by itself and one.
All of the students were surprised by the fact thating the programme to list or print the
primes between 1 and 100 was actually very comiglital hey were not aware at the time, as
they quickly defined prime numbers, that knowingaivh prime number is was not the same
as writing a computer programme applying their emtgal understanding of the definition.
All those who did the prime numbers task decided asatter of course that their programme
needed to restrict the number to be tested to leetvleand 100, and that numbers needed to

be incremented by 1 each time the loop (also unausty decided) was implemented.

5.4.2.2. The computer systems task

The students showed mathematical procedural flyealong with task-specific procedural
fluency, for the computer systems task. All of gnasterviewed were able to procedurally list
the eight possible combinations for variables Xand Z in the truth table, although it was by
using a pattern taught to them, rather than bygusembination theory (i.e.®2 8) taught to
them in the Foundation Programme. They may have baare of the link, but only Rudo
and Ditso verbalised the similarities between dnésfd combination and binomial theory;

and this was only when | asked them if there wiaska Three out of the eight people who did
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this task deliberately explained that what theyengning was a component of Boolean logic,
and that it was very similar to the set theory prabability theory that they did with me.

All eight students were also able to use AND andi®&e mathematical sense, as well as to
choose when to use these terms and their assosatdabls and operations.(", ‘x’; * LI’

and ‘+). They were taught how to use AND and ORiiagwhen they did the computer
systems course, in terms of Boolean algebra (seegx E); but whether or not they were
taught these Boolean principles with conceptuakustdnding is unknown. They tended to do
this part of the task procedurally, but also cdiyed observed that they did not necessarily
verbally relate what they were doing in the taskvuat they did with me in mathematics.
However, regardless of whether or not they verbdlswareness of these similarities, they all

used the AND/OR operations correctly and couldmiystish between them.

Kilpatrick et al (2001) define procedural fluencg: ‘... referring to knowledge of
procedures, knowledge of when and how to use thgprogriately, and skill in performing
them flexibly, accurately, and efficiently” (p. 1R IThe identities available, from which the
students needed to choose and use appropriatelsnpdify the Boolean expression, included
the distributive, associative, commutative, inversemplement, identity, dominance, and
absorption laws. The students who were able tolgiyrthe expression completely chose and
used some of these identities appropriately andrataly, shown in Figure 5.1. below. They
reached the same fully-simplified expressionxaf € y2. These students were able to use the
identities flexibly — meaning that they were aldedentify and use an appropriate variation,
or variations, of the basic law(s) to complete fineblem. Their lecturer expected them to
write down which law they used for a particularpstand so it was clear how the identities
had been used. For example, in all three of thetisols provided in Figure 5.1. below, a
variation of the Boolean distributive law was id&atl and applied to the partially-simplified

expression ofz(Xy+ X to result inz( x+X)( x+ ).
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This first step required flexible use of the distitive law in order to be able to further

simplify the expressidfl. In addition, all used the inverse law to subgtitine value of ‘1’ in

the place of( x+X).

Kaone and Yvonne:

Q_MWF' ()( EE 2) QC J Z + I Z. AC‘Couc:i\cr (_{(75 ) Jr .3 )
et TN | - _ Pindibole x (fxd DJ (st iﬂ
ST e L. 2L _ lnverse’ {3y e L)3 l
| s z ccxﬂj
B L P 'D S%nlodh\)@ g ‘tZD _

Ditso and Keabetswe

Ral Bl w2 —ale b oo L
z(x7y, « x) — 7@“?5&\):“:5‘\\16_

‘LCL&K)—\- j-‘k‘%)) 7 \%ﬁ' L\"Ku,e \
= (gra)) = Vovene

PN s b S
ZzH X XL

9 This may be understood more clearly by comparimgth the trigonometric identity, i + co$6 = 1. In my
experience, students find it relatively easy to ki identity in this exact form when simplifying
trigonometric expression. However, although they fdlow the procedure of manipulating it into axnérm,
for example, sif® = 1 — co®, they do not find it easy to recognize wherdo so, or how tstrategically use it

in this form to simplify the expression.

" Kaone and Yvonne wrote that they used the as$eeiaiw, but it was actually the distributive law
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Tungamirai and Rudé:

ME’,_QQ_;____»&__;,. 2) = Xyz +xz

Dskebochue > = (o z roc) 2l e )(E +3))
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Figure 5.1. Flexible, accurate and efficient usesofne Boolean identities to simplify the

Boolean expression in the Computer Systems Task

Therefore, according to the explanation given bip#trick et al concerning “when and how”
to use procedures, and perform them “flexibly, aately and efficiently” (ibid.), the students

showed mastery of using mathematical procedurethi®task, showed in Figure 5.1.

The layout of each proof was very similar to theyw&outh African school learners are
expected to lay out a Euclidean geometry ‘proadgether with the reasons (theorems) for
making any claims. Correctly-used laws were vetifier me by Jodo, who checked all of the
solutions. Note that the first step in all threamples in Figure 5.1. is identical. Each pair of
students who did this task got as far as this ste@,quickly; but only the students named in
Figure 5.1. finished the problem. It seemed to &gy easy for them to identify and use the
basic distributive identity as the first step tmplifying the expression. | suggest that it may

have easy for all of the students to simplify asaf® this step because use of the distributive

12 Tungamirai and Rudo wrote that they used the itjelaiw, but what they actually used was the inedesv.
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law here is the same as a basic factorising praeedlhe fact that factorising is done
repeatedly in many areas of mathematics seemed tihea students in their identification of

the first identity they could use for this problem.

All students struggled thereafter to complete ttablem, and even those who succeeded took
quite a lot longer to finish. This is possibly besa the identities used after the first step were
newly-learned and more difficult to recognise (Refe Alexander and Murphy (1999) on
analogical transfer (cf. 2.5.6.)). Using identities procedures to simplify mathematical
expressions is not necessarily transferred dir¢othn IT problem. Analogy is made, suggest
Alexander and Murphy (ibid.), when the similaritibetween the two situations are more
evident: most likely when the prior and new leagnsituations are conceptually familiar
enough to allow the analogy to be recognisable.f@birising in the first line of the solution
was a procedure learned and competently done ieasighooling. It has probably been used
in a variety of different problems in mathematiesi\d possibly also in physical science.
Hence the students’ abilities to apply it with etséhe IT problem. Thereafter, new identities
learned must be manipulated and applied to solthegproblem; which the students found

more difficult. Two out of the five pairs were radtle to complete the problem

Compare this to a grade 11 mathematics studenbuthSAfrica being given the following

expression to simplify:
tar x( Sir? x— sinx)

It is simplified by means of knowing what the tnigonetric identities are, being able to
choose which, if any, can be applied to the givablem, and if possible, how they might be
manipulated into an alternative form so as to bables to simplify the expression.
Factorisation is also used in this problem, bightly more difficult to recognise where it is

used; along with strategically using knowledge dbdentities:
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tar x(sirf' X— sinx) (
= tar’ x[ sinx( sirf x— ;q ¢
= tar? x[— sinx( T sif X)] (3

= tarf x[— sinx( co$ x)] C
=tan’ xx — sinxx co$ x ¢
A2
=3 X o sinxx cog x (6)
cos X
=-sin’x

Line 2 of the solution indicates a relatively simphctorisation procedure; but simultaneously
a strategy needs to be designed about how fadionsmitiates solution of the rest of the
problem. The concepts and identities to be usetbals for simplifying a trigonometric
expression have been learned more recently ancklatesely unfamiliar to the learner. They
are therefore more difficult to use, according texander and Murphy (1999), compared
with the factorisation procedure in line 2. Lings43and 5 show strategic manipulation and
use of the identitycos x+ sirf x= % and line 6, use of the |dent|t3*famx=ﬂ and
COSX
recognition that it is applicable to squared trigametric ratios. It is likely that many more
students would be able to finish the simplificatigm to the end of line 2; but fewer would

complete it. The situation is similar to the wagttthe IT computer systems task was done.

Therefore, using procedures flexibly with respeat the Boolean expression requires
“knowledge ofproceduresffactorising/use of Boolean identitiesfnowledge ofwhen and
how to use them appropriateljchoosing which identities to usedndskill in performing
them flexibly, accurately, and efficiently [factorising correctly/using variations of basic
identities correctly] (Kilpatrick et al., 2001) (grmasis mine). | conclude that six out of ten

students used procedures flexibly — the newer coildarned being used with more difficulty.

5.4.3. “Understanding/Explaining Concepts”

| suggest that when mathematics is used in anatberain, the practice of understanding

mathematical concepts will be altered, so that thay be applied to solve the new problem.
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This is consistent with what situative theoristgusr about the use of prior knowledge in
novel problems (e.g. Carraher & Schliemann, 200&aHo & Greeno, 1999). Alteration of

knowledge in order to solve a novel problem was alestrated when students had to use
conceptual understanding of prime numbers in oraevrite a programme in Java; and also
when they had to use their conceptual understandiniginomial probability to solve the

computer systems task. The other tasks did noirethe understanding of any mathematical
concepts in order to do the tasks, and are nousksd under “understanding/explaining

concepts”.

54.3.1. The prime numbers task

Table 5.4. shows that ‘understanding/explainingcepits’ featured often while the students
worked with the prime numbers task. Although it waas$ the most commonly-used practice,
it was used frequently enough to show that they wemceptual understanding to help them

to plan their Java programme.

The fact that a prime number is divisible only kself and one is a definition that students
learn and apparently understand early in their slcbhareers. However, it was interesting to
observe how the interviewed students used thisrstateling in the IT domain. They did not
use their conceptual understanding that a primebeuncannot be divided by anything else
other than itself and one when they began to ptehvarite their programme. For example,
one way to write the programme would be to specfthe programme what made a number
not prime. Considering prime numbers in this way woblkel an example of how prior
understanding can be used in different ways in rotdebe useable in new contexts (e.qg.
Carraher & Schliemann, 2002; Lobato, 2006; Perkitgalomon, 1989).

In reminding themselves and each other what theactexistics of prime numbers are, the
students all forgot to specify that prime numbenes divisible by themselves and one and
nothing else. During the conversations that they Wwih each other while doing the task, |
observed that they actually knew this but neglettekleep it foremost in their minds while
trying to write the programme to list these numb@&tsus, they tried to write the programme
by specifying that the variable must be divisible itself and one. For example, if they
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defined the variable that they would work with asurhber” they would write in their

number, numbe”. The problem with this, and none of

number_
number

programme: 1 and

them, excepting for Rudo, realised until | poiniedut to them, was thagvery number
between 1 and 100 is divisible by itself and ona. &ample, even the number 12 fits into
this definition. Rudo had specified this aspecpoie numbers early on in their discussion
but then did not carry her understanding throughtite new context of writing the
programme. Jennifer, Yvonne and Tungamirai verbadknowledged that they had not taken
this fact into consideration, and that they hathtdude a test somewhere in their programme
for numbers that were not divisible by anythingeeldone of the others attempted to specify
that the number that the programme selects mustraisbe divisible by anything else, until
after | had made them aware of this necessity.rAétalising that they needed to use a deeper
understanding of prime numbers, they commentedttigatask was more difficult than they
had first thought, because their mathematical wstdeding needed to be linked with Java
programming syntax, which was not easy. Furthezudision of writing the programme lies

within the strategic competence strand of matheraigiroficiency (cf. 5.4.4.).

5.4.3.2. The computer systems task

Explaining mathematical concepts was practiced nfome any other mathematical practice
used in this task (see Table 5.3.). The studetgs afid not verbally explain the mathematical

concepts to me or each other, but used their utashetimg of Boolean algebra to do the task.

The first part of the computer systems task wagdgrenantly procedural, as already
discussed. However, Ditso and Keabetswe speciictiited that one could not do this task

applying only the rulesf AND and OR (0 and n) — one had to understand what they mean
and how they may be used. Rudo also explained hosleBn logic differs from probability

theory: AIthoughX'(or Y) can be interpreted as “not X” in both mathematgyatems, in
probability theory X '(or?) is the complement of X an& +X =1. In Boolean algebra,

X and X mean “on” and “off” respectively, an& + X =0. She was the only person who

deliberately explained this difference to me, babserved that the other students who did the
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task understood how and X functioned to switch a circuit on or off. All thesvho did this

task had no problems explaining how the mathenlatgcens AND and OR related to the
task, how and why they should be used, and how shatghed the circuit on or off. None of
the students verbally related their conceptual tstdeding of combination theory using
2°=8 to calculate the combinations of ON and OFFtloke switches. They did the
calculation procedurally. How do | interpret thimding in terms of use of conceptual
understanding in a new domain? | will discuss #fiter presenting my analysis of the second

part of the computer systems and prime numbers task

The second part of this task, requiring use of otheactices, such as the strategic
manipulation of identities with accompanying reassbargumentation, and the procedural use
of Boolean identities, would predictably have bgaohibited by a lack of conceptual
understanding of how and why a particular identityld or could not be used. That is, there
is an indication that the presence of conceptudétstanding influences other practices, such
as strategic thinking. This second part of the catepsystems task consisted entirely of
Boolean algebra, which, although it consists ofidadeveloped specifically for the binary
computer system, is mathematics and can also lestigated in terms of the mathematical
proficiency shown when doing it. All of the studentho did this task needed to look up the
identities in the text book, as they did not rememéxactly what they were. This does not
imply lack of ability to use conceptual understangdin other contexts. Efficient memory-
based reproduction of the identities would probgbst indicate that the students had used
them enough to have remembered exactly what theletb like and how they could be

rearranged and substituted into an expressiondKigk et al., 2001).

5.4.4. *“Strategising and Using Representations”

Kilpatrick et al (2001) describe strategic competenas the ability to“formulate
mathematical problems, represent them, and soleentt{p. 124). Furthermore, in every day

life students

“encounter situations in which part of the difficpls to figure out exactly what the
problem is. Then they need to formulate the probkamthat they can use
mathematics to solve it. Consequently, they arelyliko need experience and
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practice in problem formulating as well as in preil solving. They should know a

variety of solution strategies as well as whiclasggies might be useful for solving

a specific problemTibid.).
While Kilpatrick et al specifically describe mathatical strategic competence, | reviewed
Perkins and Salomon’s (1989) discussion of thetegjra heuristics and general problem-
solving approaches through ‘low road’ and ‘highdd@nsfer’ (cf. 5.3.3.). | also aligned what
they discussed with Kilpatrick et al’'s descriptiohstrategic competence. Although strategic
competence is integrated with the other strandsmathematical proficiency, strategic
thinking is not necessarily content-dependent,should be identifiable within other contexts

if it is present.

Strategic competence incorporates the ‘use of septations’, and ‘strategising, shown in
Tables 5.1. to 5.4. An average of 25 incidencethénprime numbers task; 13 incidences in
the computer systems task; 2 incidences in the arkitmg task; and 28 incidences of
strategising in the banking systems task showetdsth&egising was used frequently in all of
the tasks excepting for the networking task. ‘®gaing’ incorporates decision-making,
strategic problem-solving, and using prior decisiaio influence later decisions. How
strategising and representation was used in eagkhgaiscussed below.

5441. The Prime Numbers Task

The students needed to be able to understand idaroblem was, so that they could decide
on the best strategy to use to solve that partiqoiablem. Ditso and Keabetswe clearly
showed their competence in strategising when dihiagprime numbers task. Before they had
even considered the contents of their programmep (4t in Figure 5.2. below) they had
written a scheme of what the task entailed (ste¥ 4 a form of representation that they
would use to solve the problem. The representatias a pathway to ‘problem formulation’
(Kilpatrick et al., 2001).
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Figure 5.2. Strategic planning for the prime nurstiask, as shown by Ditso and Keabetswe

Writing down their strategy demonstrates how imé&dd and interdependent not only the
proficiency strands, but also the mathematical tnres are. Step 4 in Figure 5.2. shows
Ditso’s and Keabetswe’s use of representation @f tieey intended their programme to be
written. A “class diagram” is often used as parplainning, as it shows generally what should
be considered in the different aspects of the rogne. These two students were going to
draw a class diagram that contained the class n@mmee number), its attributes and

variables (for example, the fact that a prime nurmbest be an integer — which will be in the

form of symbolic representation of the variable)d @he behaviour(s) of the defined variable

(for example, stating that a prime number is dblesby itself and one).

The others who did this task also showed what filagned to do, but their plans were less
clear and logically structured than that shown iguFe 5.2. Sometimes the planning was
mental and not written down. Jennifer verbalisedgi@nning throughout the initial stages of
the discussion, frequently starting with an ided agjecting it with a reason for rejection,

almost before the idea had finished being verbadliges she verbalised Carol wrote some

ideas down, but this was more like brainstormiraptbtrategising.
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Tungamirai elected not to use any of the Javachn&ues he knew because Rudo had not
done Java Il and would not conceptually understiaisdsuggestions. He often acted as a
“sounding board” for Rudo’s ideas — questioning hed commenting on her ideas, rather
than offering any himself. However, after realisitigat all numbers are divisible by
themselves and one, he became more active in #menipy process. At this stage he
suggested that not only must they reject all ewanlyers (except for two), but also they must
reject any numbers that are divisible by 2, 3, 8 &nand start their programme loop at
number= 8. He did not go higher than “divisible by 7”, andl chot explain why he stopped
at that value. He did not explain any of this redsg aloud and moved through this series of
ideas extremely quickly and mentally. When he sedli that the task was a lot more
complicated than merely coming up with a quicktsigg to list the required prime numbers,
he slowed down in his mental processing, startedetbalise again, and considered Rudo

more in his deliberations.

What are the implications of these findings in teraf mathematical practices? Firstly, it is
clear that strategic thinking, or problem solvirggyery complex and is not restricted to a set
of heuristics that may be followed in order to kv problem. Problems may be solved in
many different, but correct and acceptable waysast amount of research has been done
with respect to aspects of problem solving, botmethematics and in general. Since entire
theses may be written regarding this topic alongillinot be able to do it justice here; but
what is clear is that the practice of strategisiequires clear problem conceptualisation,
visualisation/representation, solution strategiesiping, decision-making, and justification.
The students demonstrated use of these practicesoagponents of the practice of
strategising. Secondly, it is possible that workitogether on the tasks facilitated the
strategising process, more than if they had wordlethe on the tasks. | make this claim
because they discussed many ideas while they wgrgy tto solve the problems, and often
built on each others’ ideas during their discussid®roblem-solving is probably made easier

through interaction and discussion.
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544.2. The computer systems task

For the computer systems task using Boolean |dgicsecond part of the question required
the strategic use of identities to simplify the mgsion F(x; y; 2 = xyz x. Observing the

students doing this part of the task showed melgleéaw closely strategy is associated with
procedural fluency, conceptual understanding astification. The students had to use their
conceptual understanding of the identities to chothe correct identity to apply to the
problem in an appropriate way at the appropriagp st the simplification. They also had to
simplify the expression by using the identity cothg often needing to argue for and justify a
particular idea; and then explain what they didaiting down the identity used next to the

simplified step.

However, reasons were not always provided for tbbwmices of the appropriate identity.
Sometimes one student would point at a particalantity in the book, and the other would
nod, and they would use it. Alternatively, the otheuld shake his or her head with no
further argument, and they would think again qyi¢t themselves. In these few cases, it
seemed that there was no verbal disagreement leedawss obvious to both students that
they could or could not use that identity. Wherenipalation of the identity was required
before it could be used strategically (cf. 5.4 .Ristification and negotiated disagreement
was invariably used, because the outcome of thgestign made by one person was not
immediately obvious to the other. Here it was clbat strategising was closely accompanied

by justification.

All the students used the same strategy of workimgugh the list of identities in the text
book and attempting to apply the rule of each &dkpression. Those who did not manage to
simplify it further than the first step all tried apply the identity in its original form directly
to the expression, while those who completed itsssfully also did so correctly by flexibly
manipulating the identities — by working backwaassl forwards with their alternative forms
and checking if any form of the identity changee #xpression to a form that could be
further worked on (cf. 5.4.2.2.). In addition, af the successful students except Kaone
demonstrated their decision-making abilities viadegree of argumentation, resulting in

subsequent rejection or choice of a particulartitien
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Kaone, instead of coming up with his own argumeussially waited for Yvonne to make a
suggestion, and explain her choices before agresitiigher. If another suggestion was to be
made, it would be by Yvonne, who had rejected h&n suggestion and come up with
something else. During this process Yvonne verbdliall her thinking. Although Kaone
seemed to understand the strategies she was usngjd not often suggest strategies,
decisions or arguments. This finding suggestsnbatll students used practices to the same

extent when solving IT problems.

Keabetswe explained, as he and Ditso were thinttingugh the problem, that in order to
simplify the expression successfully one had toreggh the problem from different
perspectives: if a chosen strategy does not gswecaessful outcome, one has to keep trying
different approaches until the problem can be sbl&tso added to this the importance of
using the desired outcome as a guide to what kistrategy to use and how to use it to solve
the problem. This conversation was significant,tenms of Perkins and Salomon’s two
articles (Perkins & Salomon, 1989; Salomon & Peskih989) explaining ‘high’ and ‘low
road’ transfer. Here we have a glimpse into hovs¢hisvo students have used a combination
of non-learned problem solving strategies (highdjoaith problem-solving heuristics (low
road) that have been successful in the past. Ubmglesired outcome to give guidance on
how to first approach the problem, as well as cgmat the problem from different
perspectives until an acceptable solution can bedademonstrates that these two students
were able to use heuristics as well as ‘think duthe box’ in order to problem-solve in a
novel task. Strategising is crucial to doing mathgos: it was also used competently and
successfully in the new context of IT.

5.4.4.3. The networking task

The networking task, requiring an explanation ofwhockout” occurs, required mostly
conceptual understanding of the functioning of difeerent components of a network. All of
the students except one (who had already complbedourse) were still busy with this
course at the time of the interviews, and werd shfamiliar with its concepts. Strategic
problem solving did not apply a great deal herthaalgh to answer the question the students

had to do what | will call “low level strategisingThey all used the text book which provided
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them with a list and summary of the components nétvork system. What they needed to
do — and they all did this — was to work through fhnctions of each component and use
their understanding of how each functioned in otdestate if that component was associated
with network security or not. Depending on theinceptual understanding, different students
gave different answers; but the conceptual undaigtg required was that of networking and

not of mathematics, and therefore | am not repgiitim this study.

5.4.4.4. The banking system task

The strategising needed for the banking system tesk complicated and essential to do
before any ideas could be implemented. Ravi andshe both wanted to move straight into
coding, and were asked by Joao to please planighgdiure first. After this suggestion these
two students treated the task similarly to everyets®. Their problem-solving as a team
appeared to be slightly limited, because Joao baakk a few leading questions to aid their
initial thinking. | found that Ravi, who was outd@m during most of the interview, did not
believe that planning was an important featurehef banking system task. He commented
that planning was only important for the noviceggeammer. In his own words, paraphrased,
he said that thehectic programmer’ won't do this planning phase dge the specs and
plans are all in his head. He will go straight ifpoogramming and make changes as he goes
along In this he was entirely incorrect, as good progrers spend a great deal of time
planning before they start with the ‘coding up’ paf any task (IT programming lecturer,
personal conversation). This was a significantifigd because his understanding about the
importance of strategic planning in this task waaccurate, and he did not appear to believe
that planning was important, at least for this taBkerefore, he did not use the practice of
strategising in this task until Jodo actually asked to; bringing to my mind questions about
the extent of his use of strategising in other sctisj Therefore, | suspected that Ravi had not
transferred his abilities to strategise or use is&os in other contexts, or had not developed
them adequately in the first place; possibly beeahse did not believe that they were
necessary. His comment was one of the few madeglthe task-based interviews that gave
me insight into how mathematical productive disposi might be visible in other contexts
(cf. 4.6.). Also, his comment gave me insight itlte possibility that productive disposition

(personal beliefs about the usefulness of mathealapractices) is key for the use of

172



mathematical practices in other contexts. Thigtgibssibility was an unexpected outcome of

the study and is not part of the current discusditake it up again in chapter 6.

Planning the “big picture” was a significant stgyteéo be considered; but also embedded in
the task was the need for multiple opportunitiesdiecision-making and representation. As |
already explained (cf. 5.3.3.4. and Appendix B9, dbmplexity of strategies needed to do this
task was vast, and decisions made would automigticdluence how subsequent decisions
would have to be made. Sometimes the students waad an initial plan — only to change
it, because they had worked themselves into atmitughat was unrealistic or too difficult to
code. Ravi and Tinashe changed their plan threestims they argued about which classes to
have and how the classes would ‘see’ each othemsloy arrows drawn between classes).

This made it possible to observe the problem-sglpirocess rather well.

Representation was used extensively by all thogegdbe task and took the form of a series
of boxes linked by arrows (for example, see Fighr& below). Inside each box, which
represented a “class”, was a list of the “attristifeelonging to that class. For example, the
“personal details” or “client” class would list @tiutes such as the person’s name, ID number,
birth date and address. The big picture plan reduihe designer to decide what classes to
have in the system, how the classes would relagatt other and what attributes to have in
which class. This form of representation was exgubdiecause it originated as a software
package called ‘BlueJ’, designed to help the usesolve problems like the banking system
task. For the purpose of the interview BlueJ wasused and what would ordinarily have

been done on BlueJ was done on paper (more defaibvided in Appendix E).

Before drawing up a plan Molefhi and Kabo discusdedtask at length, and made written
notes containing some key words that they wantedrteember. They then drew a set of class
diagrams, after which they decided together howcthsses were to be linked using arrows.
They only produced one plan, as shown below inreigu2., where one can clearly see how
they represented the system and its linked compgsnas well as the grouped attributes. The
significance of their producing only one plan wasttwhile some people drew diagrams
while they were deciding what the big picture shoulklbke, changing the representation as
they discussed their ideas, these two discussedaaneed at length and wrote a few key
words downbeforeproducing a final drawing. It does not imply thihey planned less, but

rather that their mental strategising was more jment, helping them to produce a
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representation of their decisions after negotiatiad taken place. Kilpatrick et al's (2001)
description of some peoples’ abilities to make raengpresentations as a problem-solving

strategy seems to be what | observed in this case.

As Eric and Tungamirai worked on the banking systent appeared to lack confidence and
was quiet. He had been an excellent mathematickestubut had explained in the focus
group interview that his experience with Java haginhbonegative; he had struggled with Java |,
although he passed it, and had decided to dropcéhngputing course and take up IT in
business systems instead, which would allow himcifipally not to study Java II.
Tungamirai, on the other hand was very confiddde fad recently completed Java Il and
loved this aspect of IT). Eric made a few suggestidistening closely to counter-arguments
and suggestions from Tungamirai, and together tagye up with a plan for a system. They
appeared to work well together, although Tungansemimed to play the role of tutor rather
than peer. Eric’'s mathematical strategic competemas excellent (he excelled in every
practice when he was a mathematics student ingbhadation Programme), but there was no
indication that it was being used with the saméitghn this task because he was fairly quiet
during the interview. However, he seemed to haveprablem working with counter-
arguments and new ideas; even though his knowlefiglee new context was possibly not
proficient (Alexander & Murphy, 1999). He seemeddity able to understand the usefulness
of, and the concepts and counter-arguments involwétl new ideas that Tungamirai
introduced to him. They planned the banking systenpaper — Eric did all of the drawing
and writing. The representation they made was tightoand they made one change to the
plan while they discussed the specifications oftésé.

To conclude, it is possible that Eric’s mathematsteategic competence was being used in
this task, but that it was non-verbal and therefaseeasy to observe. Tungamirai showed a
high level of strategic competence, but in an ualstay. Being aware that Eric was not at
the same level of programming competence as himseltutored Eric with respect to new
concepts at the same time as making decisions diatier ways to plan the system. In this
way Eric was never left behind or left out of theadission and appeared to have learned a

great deal during the session.
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Figure 5.3. Banking system design by Molefhi andbé&a

While the banking system design could have no siigkrect answer, it had to include the
specifications defined in the question, as welhasding to be as efficient as possible. For
computer software designers efficiency is an imgrdrconsideration to make when judging
the value of the programme. Thus, this aspect sfgdeng the system was foremost in the
minds of the students; which is part of the reastwy their big picture plans changed (on
paper and mentally) as they thought about the coemts of the system. They all said as
much to me, and explained that the way that thesjgded how classes communicated with
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each other would positively or negatively influertbeir later decisions and the overall worth
of the design. | came to the conclusion that alkthinterviewed demonstrated the problem-
solving strategies of planning, representation dedision-making, to a greater or lesser

extent when working with the banking system task.

5.4.5. “Questioning, Justifying, Disagreeing and Geeralising”

Constructing arguments, making reasoned claimagugilestioning, disagreeing and making
abstractions or generalisations, were describdukag) ways to demonstrate the practices of
justification and generalisation (cf. 5.3.4.). lIon®e of the tasks it was very clear that if the
students were to use strategic thinking, then iuld/doe an automatic requirement for also
making reasoned claims and justifying, becauseggesiion for use of a particular strategy
would require justification of that suggestion. §kwas observed in many cases, in all four of
the tasks given, although in some tasks there wae stope for such practices than others.
For example, the banking system task required cexngtrategic thinking; and because
students were working together on the same tagkihthd to convince each other of the worth
of their strategy, or the shortcomings of anoth&rategy suggested. In contrast, the
networking task required a low level of stratedimking, because the concepts were new to
the students. The suggestions that were made econgehe naming of OSI layers involved
in network security had to be followed up with m@as for why a suggestion was valid or
another invalid. Therefore, although justificatwas used in both these examples, it was used
for different purposes: one was to help make atebmplex decisions and the other was
used in discussion for aiding understanding abowt kecurity is implemented in computer
networks. The practices of constructing argumentsusing justification were more linked to
mathematical thinking in the computer systems amthg numbers tasks than the other two
tasks. This is discussed in detail below.

Generalisation (rule formulation from recognisimglavorking with patterns, and general use
of pre-formed mathematical rules), was difficult itkentify. Tables 5.1. to 5.4. show that

generalisation, as it is understood in mathematies not observed frequently in the tasks
(cf. 5.3.4.). All of the students who participatedthe interviews had used disagreeing and

justification when they were in the Foundation Pamgme and were aware of the level of
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importance placed on this practice for learning heatatics. The students had all already
expressed to me during the focus group intervidvet their mathematical understanding
benefited from discussing ideas, making suggesti@asoning and arguing with each other
in the Foundation Programme; which had helped tteebetter understand the significance of

the different aspects of their mathematical knogke(tf 4.3. and 4.5.).

5.45.1. The prime numbers task

Many incidences of justification were observed whenstudents did the prime numbers task.
Typically, a programme to list/print all the prinmembers between 1 and 100 would have
many possible solutions — many of these possibilygoeorrect. The students all demonstrated
instances of disagreeing, and justification, and tesser extent, questioning while they were
doing this task, as shown in Table 5.4. In genesdlategising’ and ‘justifying’ were
observed frequently during this task, which shoWwat tstudents generally did not allow
suggestions for strategies to write the programmngot unchallenged. As they justified their
thinking to each other they demonstrated conceptodérstanding of the Java, as well as the
mathematics involved in the task. ‘Questioning’ fkature during the task, but to a lesser

extent than the other two practices of justifyimgl @aisagreeing.

Kaone often tended to be satisfied with the way pastner, Yvonne, explained her
suggestions to him and did not make many suggestionself, or argue something different
or justify any thoughts he had. Yvonne did not ofteave an opportunity to question his
thinking, but sometimes argued her own points lplaaring her reasoning. When they began
to design a programme to list the prime numbennfome to a hundred Kaone wanted to use
a “do while” statement and a loop. Yvonne wantedutothrough all of the numbers between
one and a hundred and tell the programme to rej@gctnumber that is divisible by anything
excepting for one — she had not yet realised tae ih her thinking and Kaone did not
contradict her. They also disagreed about whicliasyto use, but neither person justified his
or her argument. Thus, during this interview, argamtion with justification was observed

less frequently than during the others.
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Jennifer and Carol, and Ditso and Keabetswe all ensgggestions and justified their
thinking, but they generally appeared to be in egrent with each other. Table 5.4. shows
very little disagreeing taking place between Ditsnd Keabetswe. Typically they would
discuss one person’s ideas, using justificatiotherathan having trying to justify a clear
counter argument. Jennifer and Carol would questach other, but it was more for the
purpose of clarifying something than deliberatelsessing the other for justification.
Alternatively, justification of an idea, when it @gred, acted to strengthen a suggestion

rather than disagreeing or a counter suggestion.

Rudo and Tungamirai argued well with each othet, ibuwas usually Tungamirai who
guestioned Rudo’s ideas and encouraged her tdyjtlsém by producing counter arguments
than the other way around. However, he deliberaladpt his counter arguments at a
questioning level, rather than suggesting thingskhew she would not follow — he
commented that he had ideas that he knew would Wwettier that those being used, but that
they were learned in Java Il and she would not war@a of them. He became very
uncomfortable when he realised he was not goirgpbee the prime numbers problem in ten
minutes, as he had first supposed, but he theredlosork with her, and use his higher level
of conceptual understanding to help solve the grblThough Rudo did not use verbal
justification very much, she appeared to be thiglatearly through the task problems. It was
difficult to determine the extent to which she useathematical argumentation in solving IT
problems — even those which were more like mathem#han others — that is, the prime
numbers and computer systems, rather than netwpikma banking system tasks. Perhaps
much of her problem-solving and justification waternal — it was difficult to ascertain.

5.45.2. The computer systems task

Table 5.3. shows that excepting for Rudo and Tumganthe students who did the computer
systems task used justifying roughly to the samergxDitso and Keabetswe did not question
each other at all and Jennifer and Carol, and RitsbKeabetswe did not use disagreement to
press each other for justification of their sugmgest. Often they would justify a suggestion,
even if justification was not verbally asked foongetimes a raised eyebrow or other non-

verbal request for explanation encouraged somemmlain why they thought a particular
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identity would be valid to use to simplify the Beah expression. The students struggled to
simplify the expression after the first step ha@rbelone (cf. 5.4.4.2. and Figure 5.1.) and
justified why they thought a particular identity svappropriate, rather than why they

disagreed with a suggestion or asked for a betigapation.

At one stage, during the simplifying of the Booleatpression, Jennifer took on the role of
questioner for a little while; to promote a waytbinking that might help solve the problem,
while Carol would make suggestions as answersrtgunestions. At this time both would also
counter-argue Carol’'s ideas, mostly giving reastorstheir disagreements, which were

usually accepted by each other.

Figure 5.1. shows some of the struggle Rudo andydimrai experienced to simplify the
expression (a few ideas were crossed out and tedrechile they were doing the task). A
relatively high frequency of justification was obged concerning these two students, as well
as an accompanying high level of disagreement. €fbe, it appears that disagreement
promoted much of the justification in this intenwvie

Yvonne tended to justify her thoughts as she vesddlthem — with or without Kaone’s
request to do so. Therefore, | concluded that mxd{aone did not play a large role in
questioning or disagreeing with Yvonne, she tenttedee justifying her thinking as an

integral part of her strategic planning of the comep systems and prime numbers tasks.

5.45.3. The networking task

Table 5.1. shows that although ‘understanding/enjlg concepts’ occurred the most in the
networking task, as expected, because this arébwhs new to the students, incidences of
questioning, justifying and disagreeing were albsesved, but to a lesser degree. Kabo and
Molefhi questioned each other quite frequentlypider to understand the concepts behind the
OSI layers, before coming up with an agreed-uponclasion about which layer was
responsible for security. Note that they disagr#éd — after explaining to each other what
the roles of the different OSI layers were, theyead on what the answer should be. The

justifying that took place between these studerds mostly by explaining their conceptual
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understanding while making a suggestion to the rotl@®nversely, Ravi and Tinashe
disagreed frequently but questioned each othée.littowever, they were seen to frequently
justify their disagreements and claims and endeds#ssion by agreeing on an answer to the

question.

As previously explained, this question requiredydaiv level justification. All students used

justification to explain their understanding of cepts associated with security issues in
computer networks. From what was observed whilg thé this and other tasks, | conclude
that justification was being practiced at differéewels by the students, depending on the

level of complexity required by the question.

5.45.4. The banking system task

The practices of questioning, disagreeing andfjaation were observed when students were
doing the banking systems task (Table 5.4.). Bextheye were so many different ways to do
this task, all students doing the task had tofjshieir strategies and claims to each other —
usually because one would make a suggestion whiehother would disagree with or
guestion. Kabo and Molefhi used all three practiteguently; whereas the other two pairs
used them less. As soon as either one disagrebdheitother, he asked for justification of his
reasoning. | also observed that neither of themldvimi an explanation go unchallenged if it
was not clear enough. The justification used wKado and Molefhi were doing the task was
often based on justification through disagreemeshiereas that used between the other two
pairs was based more on justifying a suggestidnrtber explain an idea which was not yet

understood by the other person.

In relation to questioning, questioning was encgeadaas a strategy for learning in the
Foundation Programme, and was used significantl)Kalgo and Molefhi, and less by the

other two pairs. Usually questioning was used twparage a clearer explanation of an idea or
suggestion. For example, Molefhi questioned Kaboualkhis suggestion to use a class
diagram for planning of the banking system, as spgoto using an Input-Process-Output
chart (IPO chart), which was what Molefhi wanteduse. Each argued his idea, giving

reasons why his was the better strategy, until Molccepted Kabo’s argument and said that
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it would work as well. At this point he began toegtion what Kabo would do next, and why
and how, as though he wanted Kabo to think moreptetely through his plan and further
convince him of its value. Molefhi kept his quesiitg role for quite some time, until Kabo
began to struggle with naming classes and linkivegnt to each other. Then Molefhi began to
offer suggestions to finish the design, and theypeaip with the representation shown in
Figure 5.3. They worked well together and pusheth @her hard for convincing arguments.

| was able to observe during an unexpected butabéduexchange between Tungamirai, Eric
and Jodo, how Tungamirai was able to discuss, aagdequestion at different conceptual
levels — depending on who he was talking to. Durplgnning of the banking system
Tungamirai had a long and spirited argument witoJavho had questioned him concerning
his decision about using an array list to storedat for the banking system. Jo&o, having
had more experience than Tungamirai in programnviag, able to challenge Tungamirai in a
way that Eric could not do. Tungmirai was forced pimvide carefully-thought through
justification for his decision as he argued for kbgitimacy of his claim. While Eric learned
concepts which had previously been unclear to fimmgamirai was challenged to justify at a
higher conceptual level some of the understandenbdd about elements of programming. As
shown in Table 5.2. the incidences of justificatglown by Tungamirai and Eric increased
suddenly and drastically when Tungamirai had ttafyukis thinking to Jo&o.

Impulsive suggestions were rarely made, but whew there, they were not accepted by the
other student. Either questioning or counter-jicstitfon was used on these occasions to press
for clarity or re-consideration of an idea. Tindsherguments and counter suggestions, when
he made them, tended to be quite subtle; and it @&y to miss the fact that he was
disagreeing with Ravi. Mostly, Ravi did not justtiis thinking very much — whether it was to

strengthen a claim or a disagreement.

The two main kinds of justification observed duritlygs task were (1) discussion and
disagreement of ideas using occasional reasoningystification of arguments in order to
strengthen them; and (2) deliberate mutual queastpthroughout the interview, so as to
press the other to justify claims or suggestionden&sed in the second way, argumentation
practices were more explicit. Table 5.2. shows howch more Kabo and Molefhi, as
opposed to the others, deliberately questioned etiwr, and that they had used questioning
as a deliberate problem-solving tool while they dmse tasks. They appeared to find
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questioning useful to direct their thinking andgh#iem to stay focused on the problem. Note
also, (Table 5.2.) how many more instances of desagent and justification they showed
than the other students who did this task. The wéethese three practices appeared to
reinforce each other. | suggest that teaching stsdeow to question each other to improve
and reinforce their uses of mathematical argumiemtas a valuable learning tool for students

to use in later learning situations.

5.4.6. Productive Disposition

Evidence of productive disposition was easier teeole in the focus group interviews, where
the respondents were describing their experienicasdopinions about learning mathematics
in the Foundation Programme. Verbally they desdribb@w this experience had affected their
beliefs about learning mathematics and about hawpetence in mathematics was useful in
other areas of life. | suggest that the reason this/practice was not well-observed in the
task-based interviews was because they becameve/ad what they were doing, and were
usingthe mathematics. One could perhaps conclude ftitlaéy were using the mathematics
to solve IT problems, then they had to a certaiemxdeveloped the belief that mathematics
is useful and worthwhile — otherwise they would hate linked the domains to do the tasks.

5.5. The Mathematical Practices of Representation,

Generalisation, and Justification

The eight practices that | observed the studentgyus help them to solve IT tasks included
using procedures flexibly; using representation;darstanding/explaining concepts;
guestioning; justifying; disagreeing; strategisiagd generalising (Tables 5.1. to 5.4.). These
are the terms | used to describe what the studeets doing at the time, and they were
informed by my understanding of practices and preficy, and helped me to analyse my
data. They needed to be incorporated into the osleireg practices of representation,
justification and generalisation (Ball, 2003) agiral indication of mathematical practices
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that were used to solve IT problems. Table 5.50Wwelhows how each of the eight observed
practices | used related to the three overarchiagtiges (cf Table 2.1.).

Table 5.5. Way in which observed practices canngerporated into the three practices of
representation, justification and generalisatioalB2003), based on broad ways

the three practices could be used in IT.

Representation Justification Generalisation

Practices observede Using procedureg « Understanding/explaininge Generalising

in the IT tasks flexibly concepts
taken from Table . .
21 * Using * Questioning

representation . Justifying

« Disagreeing
« Strategising

‘Using procedures flexibly’ was put into the repretation category. Although mathematical
procedures and formulae are used in many matheahatituations, including problem-
solving, reasoning and rule formulation, the IT rementations including flow charts,
computer programmes, programming environments ssctBlueJ, models and modelling
languages are more likely to use mathematical plwes than other areas of IT. | wanted to
include “using procedures flexibly” in only one dtifie three overarching mathematical

practices, and representation was the most apptepri

A rich description of mathematical reasoning isegivby Kilpatrick et al (2001); where
conceptual understanding and strategic thinkingiraegral to judging the “legitimacy of a
proposed strategy” (p. 131). Thus, ‘understandkméening concepts’ and ‘strategising’
have been included, along with ‘questioning’, jiystig’ and ‘disagreeing’ (Table 5.5.), into
the overarching mathematical practice of justifmat Justification is explained in section
2.2.2. as “articulated and reasoned claims, [aatpmally negotiated disagreement” (Ball,
2003 p. 32). It is clear how the practice of justifion is necessary for the proficient
mathematics user, and where it is crucial for svhe IT tasks in this study. Generalisation
was given its own category and included incidenoéspattern recognition and rule

formulation in an IT context.

183



The total usages of practices in each task areshowable 5.6. Concerning the practice of
representation, for the networking task represematas seen only once. As already stated,
(cf 5.4.1.1.) this subject was new to the studeants, those who did this task mostly used the
practice of explaining concepts to each other, guestioned and justified claims made about
which OSI layers were involved with lockout. Foethanking system task the whole final
plan was a representation on paper, in place ofgbeipresented on a computer screen using
the BlueJ software package (Appendix E). So whike ihcidences of representation appear
relatively fewer times than expected for such aresgntational task, much of the
representation could be described as ‘one contmuacident’, in a way. In the computer
systems and prime number tasks use of represantatis observed approximately equally;
which is as expected because both tasks requitetbrais to understand and use symbolic

representation as key aspects of doing the tagks3cand Appendix E).

For the networking, banking system and computeieays tasks generalisation was used very
rarely. The networking was new to the studentstheg were in the process of conceptually
understanding how networks function. Neither of lditéer two tasks required practices such
as pattern recognition and rule formulation, whimdmprise generalisation, and the low

incidence of this practice was not unexpected.

The prime numbers task was different, in thatgureed the students to be able to generalise
the concept of prime numbers into some sort of, mialefinition, before they could write the
rule into a computer programme. This is where mbsthe students struggled, as described in
detail in section 5.4.; but more incidences of gelmation were observed in this task than the
other tasks, as expected, because of the nattine gliestion.

Table 5.6. shows clearly how frequently justificati as an umbrella description of what takes
place when people use reasoning, was used byuterds while doing all four of the tasks.
To solve the tasks justification was used signifttamore than any other practice, which not
only indicates its importance in IT, but also shavat the students were able to use this
practice to do the tasks.
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Table 5.6. Incidences of representation, justifocatand generalisation observed in each IT

task.

Name of student Representation Justification Generalisation
Networking Task
Ravi and Tinashe 1 18 0
Kabo and Molefhi 0 22 0
Tunga and Eric - - -
Total 1 40 0
Banking System
Task
Ravi and Tinashe 16 41 0
Kabo and Molefhi 12 91 0
Tunga and Eric 7 48 4
Total 35 180 4
Computer Systems
Task
Rudo and Tunga 7 40 1
Carol and Jennifer 10 20 0
Ditso and Keabetswe 9 23 3
Kaone and Yvonne 11 26 1
Total 37 109 5
Prime numbers Task
Rudo and Tunga 5 59 3
Carol and Jennifer 11 46 7
Ditso and Keabetswe 6 41 7
Kaone and Yvonne 9 30 5
Total 31 176 22
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Therefore, the mathematical practices of representgustification and generalisation have
been described in terms of a mixture of ‘sub-pcadi, informed by the notions of
mathematical practices (Ball, 2003) and mathemigpiciciency (Kilpatrick et al., 2001) (cf

2.2.2.). As such they were useful for gaining soimsght into how the students used
mathematics to solve IT tasks. In what ways doeés fihding provide information about

whether or not mathematical practices were traresdeio the IT domain?

5.6. Did Transfer Take Place?

As stated in the introduction to this chapter theppse of this part of the study was to
identify aspects of computing subjects that requmahematical proficiency from the IT
students in the form of mathematical practices #natused in the IT domain. In this section |
will examine whether or not | think that transfer rmathematical practices occurred, with
respect to how transfer has been defined and tesichy different learning theorists. | will

do this first from a cognitive perspective and tifrem a situated perspective.

5.5.1. From a cognitive perspective:

A cognitive perspective on transfer considers whiegipens in the individual’s mind when
transfer occurs. In cognitive transfer studies résearcher traditionally has a preconceived
idea of what will be transferred and sets up theeexnental environment and test conditions
to specifically measure the extent of transfer.r&he often some kind of teaching towards
the topic of transfer to be measured, after whiehtopic is first tested within the context it
was taught, and then in a new context. Since Indidset up my transfer investigation this
way, it is difficult to make cognitive claims aboifow mathematical practices were
transferred to IT tasks. Rather, | analysed théhematatical practices that the students used in

the IT tasks, suggesting more of a situated focus.

However, recent arguments from Carraher and Schhen2002) suggest that transfer can be

understood from a cognitive perspective, even thostudies were not traditionally
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experimentally designed. They also argue firstiat transfer in its original sense of the word
rarely takes place, if ever. Secondly, the terran'sfer’ should only be used in its original
definition given by the behaviourists who were fhst to consider such a notion: that of
transfer of identical elements. Other ways in whiobwledge is often observed to be used in
new situations is not ‘transfer’ in the traditiorahaviourist understanding of the term, but
another way to understand how people learn. Ingérse, transfer could be described as an
extreme case of cognitive accommodation, using itieg terminology; where knowledge
structures are altered in order to accommodate inBwmation. Thus, along with situative
theorists, some cognitivists have suggested tleatetm does not adequately describe what is
actually taking place. Using mathematical practicedT may be understood in this way.
Cognitive re-structuring will take place to resolgegnitive conflict (the newness of the
problem), and so necessary knowledge and experigiticbe used to solve the problem to

overcome the cognitive conflict.

| suggest that the concept of cognitive accommodatiather than transfer, can be consistent
with the terms used by Salomon and Perkins (198@) Rerkins and Salomon (1989).
Transfer in a behaviourist sense could be descrsetow road transfer’, while ‘high road
transfer’ is another way to describe cognitive asgwdation. At this point in my discussion |
have realised, and argue, that there are so mdfgredit ways in which transfer can be
understood that it is time in the history of trarsfesearch to come to an agreement about

what should be called ‘transfer’ and what shoula&léed ‘learning’.

From a cognitive perspective one might conclude the students used mathematical
practices in the IT tasks to different extents. Boaof the practices were used; but in a
changed way, so that sometimes the ‘mathematicglmésthe practices was hidden. It is
possible that Carraher and Schliemann’s (2002)raegiis concerning transfer as cognitive

accommodation are a suitable explanation for thdirfigs in this study.

5.5.2 From a situative perspective

A situated theory of learning does not lend itgelfthe study of pre-specified transfer of
mathematical practices. The original problem theatd (1988) discussed at length in her book

was that there had been too much emphasis in the gmainvestigating the transfer of
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mathematical knowledge to other situations — iipalar to peoples’ everyday lives. One of
her main reasons for trying to understand in aedifit way how people use mathematics in
ordinary situations was that transfer studies ti@aaklly investigated specified aspects of
mathematics. In so doing, researchers would prexelefhat they expected to be transferred
and would investigate this transfer without takimgo consideration the complex social
learning and experiences of people, and how thegseriences influence decisions they might
make and how they might solve problems. The enwemts in which the transfer studies
took place were contrived by the researchers, aeck valso separated from the ordinary
experiences of their subjects. Therefore, for Lake word “transfer” has cognitive
connotations and brings to mind limitations of swcllescription, with respect to certain
learning dimensions (Lave, 1988) (cf chapter 2ju&ed theorists suggest that the word
“transfer” is replaced with “generality” or “prodinty” (Greeno, 1997); or “generative
learning” (Engle, 2006), which is “learning thasuéts in the flexible use of what has been
learned in a wide range of relevant future situedidibid. p. 452).

What this meant for my data is that | did not expeathematical practices to be transferred
directly from the mathematics to the IT contextcdugse of the differences between the two
contexts. Because a situated perspective of leguaescribes learning through understanding
how all social and cultural aspects of a persafeésdre parts of the learning experience, the
notion of transfer of specific and separate mathigalgoractices does not make sense in such
a perspective. If students were to draw what thegded to solve IT tasks from all of their
past experiences, it means that their mathemdass @as only one of those experiences and
their mathematical knowledge would have been usgdther with all the other aspects to
solve the IT problems. From this perspective intbecame almost impossible to identify the
mathematics that was “transferred” to the IT taskather, | needed to examine whether or
not the IT problems were solved, how they were esbhand where the students made direct
reference to the mathematics that they might haeel .uAlso, | could not conclude that there
was “failure to transfer” if the students did ngieesifically refer to mathematics knowledge
during the interviews. All | can say is that thegre successful or not in doing the IT tasks in

the time given for the interview.

Practices were unlikely to be transferred direethd without change to the new context
(Lobato, 2006) because firstly, they were beingduséhin the entirely new context of IT,

and secondly, they were being used by people wbinteed to learn academically and
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socially since the practices were first introducéde new experiences brought into the task
situations will have changed the ways that theesitalinterpreted and solved those particular
new tasks. Examples of “successful” or “unsuccdssfansfer should be scrutinised with

these situational factors in mind.

Task performance could have been influenced neggthy a number of factors, resulting in
some students’ inabilities to complete the task®lain incorrect results. At the time the
interviews were run the students were in the middl¢he semester, with assignments for
their current courses due (this they expressedefoamd end-of-year examinations around the
corner. The fact that the students were with madeiterviewed rather than working on an
assignment may have made some of them anxious alhaitthey were not doing and so not
focus on the given tasks. Furthermore, it is pdeshat productive disposition towards the IT
course material, as well as mathematics, could hafleenced how tasks were done
(Kilpatrick et al., 2001). A bad experience withteen course material may have resulted in a
negative attitude towards the task, so negativélyencing task completion. Alternatively, if
they had had good conceptual understanding of dluese material and a positive attitude
towards the task, it would be more likely that theguld be able to complete the task

successfully.

As well as the interview timing and environmentyhg important roles in influencing
transfer of mathematical procedure, the socialofactof which | was both aware and
unaware) must be considered, if | am to intermadfer from a situated perspective (Lave,
1988). Each individual of the pair of students imtewved would have brought understanding,
experiences, beliefs about both mathematics angdional fears and insecurities, and so on,
to the table. Once they started working on the tasfiether, those understandings,
experiences, etc, will have been distributed olaergair, so that completion of the task (or
not) was performed by the pair and not the indigldu The shared knowledge present
between two people meant that one person’s comnaaatsdeas could be taken up and built
on by the other person. Shared knowledge goes fevérer than this. Un-verbalised thought
processes stimulated by the question and relatednemts would have been simultaneous
with verbalised suggestion, argument and justificat This would have been aided by their
discussions during working with the task — bouncidgas off each other, accepting or
rejecting these ideas, and finally coming to comasnabout the final product — either

completed successfully or not completed.
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It is important to acknowledge that the interviemvieonment was not the natural learning
environment of the students. It was set up by deearcher (myself) in order to observe
something pre-defined by the researcher. For a s$itieated perspective | should have
observed the students’ interactions and tasks @ir thatural learning environments (the
lectures and tutorials) and made extensive notesitahe practices they were using there.
However, this was not possible, given the scopthigfresearch project. Therefore, | had to
make do with the unnatural environment and dateecidn, and have taken it into account in
my interpretations of what | observed. The studevese asked before the interviews started
to verbalise what they were doing as much as plessvhile they were doing the tasks;

because the mathematical practices being used chéetde as explicit as possible in order for
me to be able to recognise them in an IT contelerd@fore, they had an idea of what | was
investigating, which would have acted as a kindcok to link the tasks with their

mathematical knowledge.

If transfer is to be understood in this light, thalh those interviewed were able to use
mathematical practices to a greater or lesser exbedo the tasks, because they recognised
what needed to be done and began to do it. Thistmasfor all the tasks, but | use the

following as examples to provide evidence for majiral.

For the computer systems task conceptual undeistarad AND/OR linked withx/+ and

n /0 respectively appeared to be present, transfeaedntd used within the IT context for

all of the students interviewed; although they dat all verbalise recognition of the links

between the probability theory and Boolean conceytbere the second part of the task
required flexible use of conceptual understandihgew identities three out of the four pairs

of students interviewed successfully manipulatedi @ssed Boolean mathematical identities to
simplify expressions in a new context. The oth@sognised what they needed to do, but
were not successful in completing the problem anliimited time given. This would possibly

have been interpreted as partial transfer or failartransfer, from a cognitive perspective; but
from a situative perspective, as already discussed more complicated interpretation.

Students also commented that they found it easieenwthey shared the task, which
demonstrates the significance of the social intemador learning. | discuss the interactive

aspects of learning with respect to transfer ofhmaiatical practices in more detail in chapter
6.
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All students recognised their need to strategicadlg their understanding of prime numbers,
together with Java-specific syntax to write them@i numbers programme (cf 5.4.4.).
Likewise, they understood the need to strategicalyn their use of Boolean identities to
simplify the Boolean expression; or plan how thenponents of the banking system should
interact to produce an efficiently working systeam; work through how each of the OSI
layers functioned, to help them decide which wemgplemented in network security.
Concerning the prime numbers and banking systeks ta®body completed the task: some
got further than others. Therefore, it would notdoeurate to suggest that transfer occurred
for some students and not others. It is possibé the ways the students used strategic
thinking demonstrates how the extent of transferedds on the levels of competence and
familiarity they had with the subject matter totbensferred (Alexander & Murphy, 1999).

In addition, one may question the legitimacy obaausion that any strategising observed in
the solution of an IT problem is the result of sBm of mathematical practice of strategising.
The same may be true for the practice of argumentaMy answer to this is: If | was to
conclude that such practices are solely the resutansfer of mathematical practices, | would
be guilty of trying to put mathematical practicesoi a box. As a mathematics education
researcher, | am attempting to promote the oppositieis — mathematical practices should be
part of a person’s whole experience. Therefore auld be logical that all of a person’s
experiences, including those of mathematics wouldally be implemented in solving

problems — not only IT, but also problems in ottilemains, the workplace and everyday life.

Mathematical argument would necessarily implementathematical conceptual
understanding, procedures, representations andfigasbn, as well as strategies for
constructing credible argument and an overall béhat mathematics as a whole made up of
many aspects makes sense. This list includes d@heoftrands that would be shown in the
proficient mathematics user. Since the networkind hanking system tasks contained no
mathematics it could have been concluded that maheal argument, reasoning and
justification were not used in the IT tasks. Thasmcusion seems a little too simple — belief
exists amongst many mathematics and IT practit®otieat mathematical thinking is essential
for learning IT. Insight into how students mightrgeve the importance of mathematical
practices to solve IT problems was given by Tungamn the following conversation after
he and Eric had completed their tasks:
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LM: Now I've actually asked you to do a task ... butatvdo you think about ... |
mean, if somebody comes along to you and saysvéoé not doing maths in IT —
| don’t know why we had to do maths”. What would gay? Why?

Tunga: Its funny you asked that question, 'cos | wasallitiuhinking to myself as

we were going through this, ‘I'm not using mathsaimy way here’. But | hadn't

actually realised that | was actually using all ttiéngs | had learned. But its not
the same like in the practical like we did in matls just that way of thinking like

we used in maths, like to problem solve, to gersahnd all the supporting stuff.
So in the end, like, you might not see it physicadl in doing the maths, but you
are given that background where you are able toehaystematic thinking and

systematic approach to solving a problem ... soltiriggs, y’know? And that is

actually what we learned. And | think if you dométve maths you won't be able to
do IT — or you don't have maths thinking. | dorfiink the content is really

relevant — its just the thinking and the approaoh yake.

The “supporting stuff’, as Tungamirai describedistshown in Tables 5.1. to 5.4. observed
when the students were using mathematical practitemderstanding/explaining concepts,
using representations, questioning, justifyingadreeing, strategising and generalising, for
non-mathematics IT tasks. From a situative perspectthis comment explains how

mathematical practices can be relevant and usable i

5.7. Conclusion

The students used mathematical practices to sdlygdblems to a greater or lesser extent.
From a situative perspective they could be saidawe transferred mathematical practices to
IT; but the extent of transfer was not measurableabse such a perspective of transfer takes
into account all applicable contexts in relationthe students. From a cognitive perspective
although the study was not designed in a cogniéxperimental format, the ways that
students approached the solution of the IT taskddcbe interpreted as complex cognitive

accommodation, in the process of further learnimdy ase of knowledge in new contexts.

In the final chapter | return to my three reseagclestions and attempt to answer them by
drawing from the results of the study, and the téecal and analytical frameworks used to
analyse the data, and link those with my understgsdof transfer from both cognitive and
situative perspectives. | make a suggestion about transfer of mathematical practices
might be facilitated. In addition, | discuss thmiiations of the study and make suggestions
about how the study may lead to further investayati
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CHAPTER 6

CONCLUSIONS AND RECOMMENDATIONS

6.1. Introduction

This research study deals with students’ expereotéeaching approaches used during their
Foundation and first years of study, whether orthey believed the teaching approaches they
experienced provided them with useful learningtsgi@s, and the extent of their use of the
mathematical practices of representation, justiftcaand generalisation in undergraduate
study in IT. Chapter 4 of this work was a discussaf what the students said they
experienced, in terms of teaching approaches irrthmdation Programme and first year of
undergraduate study, and their opinions about Hefuiness of the mathematical practices
and other techniques they were exposed to in thedaiion Programme now that they were
studying first year Information Technology. Chapfedetailed the students’ actual uses of
mathematical practices while they were doing vaitiutasks that came from their first year
subjects. In this chapter | link two important issuhat emerged from chapters 4 and 5. First |
account for the similarities and differences betwetat the students said about the extent of
use of mathematical practices and what they agtuidl, taking account of both cognitive
and situative perspectives on learning. Secondatad¢he students’ experiences of teaching
approaches in the Foundation Programme to the fénarmd mathematical practices into
solving IT problems. In the last section of thisapter | make some suggestions about where
this study might be used as a basis for furthexaret in the field of transfer of mathematical

practices to further post-school study in non-matiics areas.

6.2. Transfer of Mathematical Practices

My evidence suggests that different aspects optiemomenon of transfer, or generality, can
be investigated through focus group interviews task-based interviews. The focus group
interviews helped me to understand the studentsemences of the teaching and learning
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situation prior to use in first year IT. Talkingali their experiences gave some insight into
what they thought about mathematical practicesrgaoa situation where they might need
those practices. Doing tasks that used some af #tle practices that they developed in the
Foundation Programme gave insight into how mathigadapractices might be selectively

and differentially used to solve novel problemsidifferent knowledge domain.

6.2.1. What students said / What they experienced

The main findings concerning what students said exygerienced were as follows. Firstly,
they believed that what they had learned in thenBation Programme was of benefit to them
because their mathematical proficiency had incaadeough the use of what they
experienced as student-centred teaching approa@essing in mind that mathematical
proficiency consists of five interwoven interdepent strands, not all the students
interviewed experienced increased proficiency ia #ame ways. Some found that their
conceptual understanding had vastly improved; pedt impacting their productive

disposition. Others had noticed their improvediaéd to argue and justify their thinking; or
spoke of their improved problem-solving abilitieslso leading to improved productive
disposition. Although the students may have leét Boundation Programme with differing
levels of mathematical proficiency, they spoke pesiy of their increased proficiency,

which was manifested as increased productive digposn many different ways (cf. 4.4.2.).

Secondly, a few students specified that some pestand new-found skills that they had
used in the Foundation programme were very usefdl that they were continuing to use
them in undergraduate study. These included mingpmg content and concepts for
planning assignments and tasks and remembering mgpunts of information, problem-

solving strategies, and finding ways of justifyidigas to others verbally.

Thirdly, many students said that they had foundaoeapproaches useful in mathematics, but
that these approaches were not always useful iargretuate study. They would explain this
almost apologetically, because they knew that Ismered them important; but the reality
was that their studies were too intense, they wece stressed, and their work was too
different from mathematics to use much of the mathtéecal practices that they learned in the
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Foundation Programme. Some commented that deléqtegstioning and argumentation was
important for learning, and had helped them to wtdad mathematics better, but did not
feature much at all in their learning in first ye@ecause they did not have time. Most
lecturers did not promote these practices, andin@asseir courses was a matter of survival

for the students.

Fourthly, when asked what, if anything, they uséthe mathematics they had learned in the
Foundation Programme in first year, they tendedryoto list all of the content that was
similar between their courses and mathematicseratian describe mathematical practices.
However, after comparing what they said with wieyt actually did when they were doing
IT tasks, it appeared that students were, in f&if)g these important practices, for study in
IT, although they were mostly not consciously awair¢his. Some said they were not using
practices, but meant teaching approaches and tgatachniques, such as group discussion
and mind mapping. They demonstrated when doing$kd that they were using all or most
of the mathematical practices. These practicesudtesel using procedures flexibly; using
representation; understanding/explaining concepfgestioning; justifying; disagreeing;
strategising; and generalising and were aspedfsegbractices of representation, justification
and generalisation described by the RAND mathem&tady Panel (Ball, 2003). However,
they were used in different ways from their originaes, because now they were used to

solve IT problems.

Further comparison of what the students said absiay mathematical practices in IT, with
what they actually did is made after a brief summsugiven of the findings of the task-based

interviews in terms of use of mathematical practiog the students.

6.2.2. What the students actually did
In chapter 5 | showed that mathematical practidgasll,( 2003) were used by all of the

students interviewed, to a greater or lesser exfémt practice of generalisation was seen

infrequently, while representation and justificatiwere seen frequently in different ways.
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Some mathematical content was required to do timepater systems and prime numbers
tasks. In these cases the use or non use of mathahpaactices was more obvious, because
the IT itself was more similar to mathematics, #mel practices are situated in mathematics.
Where the IT being done was not mathematical, égtired practices such as representation,
strategising, decision making, reasoning and jaestibn, it was more difficult to identify the
mathematical practices being used, because matitamabnceptual understanding and
procedures were not present. | suggest that sughbma case of high road transfer (Perkins
& Salomon, 1989; Salomon & Perkins, 1989), and riethematical practices being used

would have had to go through a process of alteratiarder to be usable in the context.

For the computer systems task and the prime nuntasks the mathematical practices were
used in ways which were expected. These includedy gsandard representations of binomial
probabilities, factorised and simplified Boolearentities and listing the sample space for
combinations of ON and OFF, and choosing and pistifthe choices of Boolean identities
in order to simplify Boolean circuit representasornThese representations required the
students to have conceptual understanding of ththemmtics they used. Defining and
representing prime numbers for use in a computegramme required the conceptual
understanding of prime numbers to be applied inognamming situation. The application of
mathematical knowledge was transferred even furthan to new mathematical contexts
when mathematical thinking was required to solvereholT problems — a possible
demonstration of far transfer. Students were seemse the mathematical practices of
representation, justification and generalisatioerevn this possible far transfer situation;
although some appeared to show far transfer magarlgl than others, through specific
verbalisation while doing the tasks, and througkirttextensive use of representation.
Students who verbalised their disagreements andedr@nd justified their cases made it
easier for me to analyse the kinds of practiceg tirere using to do the tasks. It also appears
that the ability to far transfer mathematical pices was facilitated by the students’ working

together on the tasks.

The question may be asked: Would these practiced insIT be mathematical practices that
were transferred, or are they IT practices thatvary similar to mathematical practices? |
argue that they are transferred mathematical pes;tibecause these practices are so clearly
mathematical, even though they might well be p&the practices necessary for proficiency

in another domain. The students used them whemssary in conjunction with mathematical
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content knowledge; and at other times used thetipesc separately from mathematical

content knowledge. They were, however, identifisdtlae same practices. Therefore, the
practices used are more likely to be transferrethemaatical practices, because they were
most likely developed as intertwined strands inheatatics classes, rather than in anther
domain. From this point of view, many IT practicee transferred/generalised mathematical
practices.

Note that | do not argue that these practices sacds originate only in mathematics. If one
was to understand the use of knowledge in otheragltsras the transfer of identical packets
of knowledge from one context to another, one mightmore likely to want to identify a
single origin of that knowledge. Alternatively, kmiedge used in new contexts may be
understood as having multiple origins, and is ubedvever, wherever, and whenever
necessary. If this is so, then the conclusion @mhbde that mathematical practices may have
been transferred to an IT context, but were uskxttpeely, with the aid of other experiences
and knowledge, to solve the IT problems. The emphlags been moved from “what” is
transferred, discussed in cognitive research,ddtibw” does the transfer occur, as discussed
in situated research (Hatano & Greeno, 1999) (&.)2Mathematical practices are therefore
altered from their original mathematical use — leetite word “generalised” (Greeno, 1997)
(cf. 5.5.) used as an alternative to “transferiedhe previous paragraph.

Evidence showed that the students used mathemaireatices in the new context of
undergraduate study in IT. Whether or not this wase of “transfer” is discussed in more

detail below.

6.3. Situative and Cognitive Explanations: Transfeior Not?

Reference to the discussion of a “transfer dilemr@arraher & Schliemann, 2002) in
chapter 2 (cf. 2.5.) serves to remind the readar dhdilemma exists concerning what should
be described as ‘transfer’, how to study it, and lto understand it. The concept of transfer
needs clarification. Where do we draw the line leetw calling what we observe ‘transfer’
and calling it ‘learning’? Or is transfer an intagpart of learning? Or can transfer theory be

understood as a new learning theory?
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The findings of this study are in agreement witldings from the literature — knowledge
learned in one context can be used in another xbritse of mathematical practices was in
evidence when students were solving IT problems,tbese practices were not an exact
replica of what they were when they were develoged used in the mathematics class. |
expand on a point | find particularly interestirfg§pme of us have experienced thinking of
some mathematical knowledge we know from schoolriewer a question or work out
something mathematical. Then when someone ask®wswe knew we should do it that
way, we say “well | don’t know where | learned thadat | just know it”. And then we use it in
various other contexts; not being too concernedrevbiee knowledge came from originally —
it is merely useful to draw from to solve the imnasée problem.

When the students in my investigation were usingheraatical practices and content
knowledge to solve problems in a new domain, thpgeared to do so without being
constantly aware of the mathematical practices goeised. Being largely unaware of the
mathematical practices they might have been usexgavwossible reason why they either did
not talk about them much in the task-based intersjeor specifically said they did not use
these practices during the focus group intervieBug. they did use the practices, and used
them appropriately, to solve the IT problems. Qaraand Schliemann (2002) spoke of the
children in their study ‘crafting’ a solution th#étey were satisfied with, using whatever
knowledge and experience that was available foir ttrafting, but not being consciously
aware of it. This supports my findings. Therefdtds not necessarily surprising that in the
task-based interviews only three students delibbratferred to mathematical content that
they were using while they were solving IT problerasd only one referred to how the
practices learned in mathematics had influencedhiking in IT in general. The others did
not verbalise similarities between their prior ldag and the new situation. What they were
doing was using whatever prior learning and expegethey had that was necessary to solve
the problems; in conjunction with knowledge and exignce of their peers as part of the

solution process.

From a situative perspective, the social and caltbackgrounds of the students were an
integral part of crafting a solution. They werewlirsg from relevant previous experiences and
situations to solve the given problems. Some wéte 0 do this more successfully than
others, because some pairs worked through the tasks competently in the time given.

Alternatively, this finding could also be interpedt as students cognitively restructuring
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knowledge in a very complex manner, so that it ddné used to solve new problems in IT (a
new domain and therefore across a very far cogndistance). Therefore, in the light of this
argument, the term ‘transfer’, meaning “transferidéntical elements”, is misleading and
unhelpful for explaining the findings of this stydynd in accordance with recent arguments

in this direction of research.

Furthermore, the students were outspoken aboutrhathematics had been made not only
more understandable to them, but also more seraifsleneaningful. Their increased access
to mathematics allowed them to see themselves aeasingly competent doers of
mathematics. Regardless of whether or not | carclada that “transfer” or “generative
learning” or “cognitive re-structuring” occurred¢én conclude that their learning experiences
had become a part of the knowledge they could dsawo solve future problems in an

academic context.

In conclusion, learning theorists appear to haweide range of explanations for the same
observations of how students solve novel tasksggsst that they are making similar points,
but are using the terminology consistent with thein theoretical perspectives. | argue,
therefore, that a ‘bricolage’ of learning theordeses appear to be effective to lend a broader
understanding of how students use mathematicaltipeac to solve non-mathematics
problems.

Students’ responses in the focus group intervienmadht my attention to another interesting
but unexpected possibility with respect to use athamatical practices in contexts other than
mathematics. The role of productive disposition mbg far greater than that of
interdependence with the other strands involveshahematical proficiency. | alluded to this

in section 4.4.2. and here | take it up further emse further questions.

6.4. Making New Links

In chapter 4 productive disposition was alludedntany times by all of the students
throughout the course of the focus group intervieMizegan to understand more deeply its
role in gaining mathematical proficiency, but atealised that it has a possible important role
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in high road transfer of mathematical knowledge aractices. To explain what | mean, |

refer to Figure 6.1 below. My suggestion is thastadent-centred teaching approach and
productive disposition both contribute to trangfémathematical practices to the IT domain;
but that in a different way, student-centred teaghalso contributes to improved productive

disposition. | suggest that these links deserv@ele@vestigation.

| have already suggested a link between studerntezkteaching and transfer, and | begin my
discussion with this connection. Thereafter, | msgtwo new relationships: the first between
student-centred teaching approaches and produdismosition, and the second between
productive disposition and transfer. | explain eaelationship below and then discuss the

implications thereof.

Influences of other
Student-centred teaching experiences,

\ knowledge, interaction

Productive disposition

Transfer to other contexts (high road transfer)

~
4 ~
k4 ~
i ~
4 ~

’' g A
Situative perspective Cognitive perspective
Generality Cognitive accommodation (re-
structuring)
(looking at the community) (looking at the individual)

Figure 6.1. Proposed model of links between studentred teaching approaches, productive

disposition and transfer of mathematical practices
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6.4.1. The link between student-centred teaching drtransfer

I acknowledge that | cannot conclude that becausdents experienced my teaching
approach as student-centred, | therefore teacly wsistudent-centred approach. Since the
students in the sample experienced my teachingoappras student-centred, in terms of the
three categories of student-centredness descryp&ddualie et al (2002), there appears to be a
connection between student-centred teaching and aiséhe mathematical practices

encouraged in the Foundation Programme classroamdargraduate IT.

This link has been made by a number of authorsaneécent past, although the term “student-
centred teaching” was not necessarily used. Eng(@806) discussion of “framing
interactions” in order to “foster generative leaigiiis an excellent example of how teachers
can use pedagogy to foster transfer. Others, fample, Greeno (2006), Hatano and Greeno
(1999), Boaler (2000a, 2000b), and Lobato (200&8yehemphasised the importance of using
pedagogical practices to help students to use knewvledge in different contexts. Words and
phrases, such as “positioning” (Greeno, 2006), ‘dodusing phenomena” (Lobato, 2006)
have been used to distinguish pedagogies infornyed bituative perspective, from more
traditional pedagogies informed by constructivismbehaviourism. Perkins and Salomon
speak of “guidelines [being] available for classropractices that can foster the transfer of
knowledge and skills” (Perkins and Salomon, 198388Lin Perkins & Salomon, 1989).
Constructivists also emphasise the importance g students to recognise where prior
learning may be useful in potential new situationsjng concepts such as “cueing”
(Alexander & Murphy, 1999), and “scaffolding” (Vytgky, 1978); or speak of the extensive
degree of cognitive accommodation needed by stadentuse solve novel mathematical
problems, which can be facilitated by the teacl@ar(@her & Schliemann, 2002; Simons,
1999). Therefore, whether cognitive or situativedrists agree that transfer is facilitated via

deliberate intervention through the teacher’'s dsesiudent-centred pedagogy.

In this study, through relating students’ descoips of their experiences and views in the
Foundation Programme mathematics class, | showadtiley had experienced a student-
centred teaching approach. | also showed thatttitests were able to use the mathematical
practices they had developed in the FoundationrBnogne to solve IT problems in first year

undergraduate study. Therefore, although studeritex teaching is not necessarily the only

way in which transfer can be fostered, my study&hthat in accordance with other studies,
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student-centred teaching may foster transfer. éncse of this study the ‘transfer’ that took

place was across domains.

6.4.2. The link between student-centred teaching dmproductive

disposition

In chapter 4 | showed that the students describeid learning experiences in the Foundation
Programme mathematics classroom as being studetrede Without them necessarily using
the term, they described the curriculum, the pedagnd the relationship | had with them
(cf. 4.3.) as being helpful for learning and untemding mathematics. Many students
described how mathematics had been opened updor thit made more sense and they were
able to solve problems because the problems made sease. Others spoke about being able
to make conceptual connections that had not beearapt previously. They were given
access to the choices that could be made concesoingjon strategies and interpretation of
their solutions, as well as the problems themselVbsy were also aware, when they moved
into first year IT, that some of the lecturers desd their teaching so that learning was
facilitated, and others did not. Those who did wetre reported as being teacher-centred.
Chapter 4 also details how the students appearkdvi® markedly improved their productive
disposition with respect to mathematics becaughisf Many described how they were able
to see problems as challenges, rather than asiptideable; and how mathematics related to
their lives and other learning domains. Again, @swclear that mathematics had begun to

make sense to them.

Therefore, the students’ “habitual inclination teesmathematics as sensible, useful and
worthwhile, coupled with a belief in diligence aode’s own efficacy” (Kilpatrick et al., 2001
p. 116) was enhanced, through their reported esipees in the FP programme. | argue that
this conclusion is important as a base for the limkll make between productive disposition

and transfer of mathematical practices to the nathematics domain of IT.
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6.4.3. The link between productive disposition antransfer

| suggest that increased productive dispositiorapoés the possibility for transfer — even far
transfer between domains. As explained above,iallasto productive disposition occurred
mostly in the focus group interviews, while mathéoa practices used in first year IT were
identified more clearly in the task-based intengeand talked about infrequently in the focus
groups. How then can | link productive dispositiontransfer? The link | make is tentative,

and more research on this issue is needed. Thig Ergument so far:

Because students displayed a variety of mathengtiaatices while they were doing the IT
tasks, | was able to conclude that they were prighadt aware that they were actually using
practices that had originated in their mathematcawledge. This was the reason why they
either did not talk much in the task-based intemgi@bout most of the mathematical practices
that they used in first year; or even deliberatadyd that they did not use them much for
various reasons (cf. 4.5.1.). It appears that etmugh | had attempted to make the
proficiency strands explicit to the students, thesee either not made explicit enough; or the
strands and their associated practices were nat fssea long enough period of time to
become part of the students’ identities and awasner the students used them, when
necessary, but were not consciously aware that theke using practices that were
mathematical in origin. The second and third poeats more likely, for the reason stated
below, to be explanations for most students’ failta verbally link mathematical practices to

the IT tasks they were doing.

The strands had been made explicit to the students,the Math B calculus course was
designed solely around students’ development arel afs practices embedded in the
proficiency strands. However, they only had a qubrof thirteen weeks where they were
explicitly using the strands of conceptual underdiag, procedural fluency, strategic
competence, and adaptive reasoning to help thelmato mathematics. While the students
responded positively to this approach in my classrdalbeit, after a period of doubt and
disbelief), they did not have a chance to cultither understanding of how the strands were
central to learning mathematics over an extendemge®ef time. They had commented that
most of their first year lecturers had not usedapproach that would help them learn new
content or link what they had learned about thdigemcy strands to new knowledge. This

would explain why only one student recognised tiaat he was doing a lot of the time in IT
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was actually part of the set of mathematical pcastihe had developed in my classroom; or
linked the practices he was using in IT to the pcas he had developed in mathematics (refer
to Tungamirai’'s comment cf. 5.5.2.). However, neinlg aware of their use of mathematical

practices does not imply that they did not tranttiese practices to IT.

Thus, how do | make the link between productivepasstion and transfer, if the students did
not consciously make it? Student-centred teachimggitigpely influences productive
dispositior® (Brodie et al., 2002), and positively influenceansfer (e.g. Engle, 2006;
Greeno, 2006; Lobato, 2006). The third link regsifarther investigation, but my study
indicates a possible relationship between prodactissposition and transfer. If productive
disposition is the ability to see mathematics asthvehile and a belief in one’s ability to do
mathematics (Kilpatrick et al., 2001), then, beeausf the interwoven nature and
interdependence of the strands, productive digpasiinfluences one’s abilities to use
mathematical practices. The students spoke abeutiticreased productive disposition and
demonstrated high road transfer. It is thereforgsjie that increased productive disposition
was partly responsible for their abilities to ukeit mathematical practices in novel problems
in a new domain (a case of far transfer). Thuss ipossible that productive disposition
directly influences transfer. Conversely, it iscalgossible that being able to use one’s
knowledge in new situations positively influencesoductive disposition. This converse
relationship makes sense if one considers thafpthéciency strands are interwoven and
inter-dependent. It also makes sense that a perstility to see mathematics as worthwhile,
and to recognise his or her increased ability tdeustand and do it, will also increase his or
her ability to use it elsewhere in new situatior® vice-versa — even in other domains. If this
is the case, it also helps to explain why the presef strong positive productive disposition
is important for development of proficiency of thgher strands; especially adaptive reasoning
and strategic competence, which are necessaryuimressfully doing many kinds of IT

problems.

13|n student-centred teaching interpersonal relatiges, pedagogy and curriculum together improvenieg. In
mathematics learning manifests as using mathenhaticactices (Ball, 2003), and increased productive

disposition, as an aspect of increased profici¢Kdpatrick et al., 2001).
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Continuing this line of argument, | argue that teacher is responsible for deliberately
planning to aid the development of productive dsspan in the mathematics student. S/he
can do this by actively cultivating in his or héagssroom a student-centred approach, in the
areas of both pedagogy and interpersonal relatipssiVhere other authors have suggested
using teaching approaches such as cueing (Alexaddegturphy, 1999), framing (Engle,
2006), using focusing phenomena (Lobato, 2006Qptbers, in order to facilitate transfer, |

propose to add ‘cultivating productive dispositiomthe list.

6.4.4. Summarising the model

In conclusion, use of mathematical practices tgesolon-mathematics IT problems may be a
case of far transfer (Perkins & Salomon, 1989) brcamplex cognitive accommodation
(Carraher & Schliemann, 2002), or ‘generality’ (&mne, 2006). Whatever we call it, it entails
the selective use of prior knowledge and experiefm® only mathematical), and the
‘crafting’ of unique solutions. Student-centred deiag may be a key link in students’
abilities to transfer knowledge, because as welbesg integral to facilitating transfer
directly, it also appears to be implicated in impng students’ productive disposition.
Productive disposition, in turn, appears to bepghenomenon that helps students to recognise
the usefulness of mathematics in other contextsth&u research into these interlinking
aspects of learning mathematics may be invaluaislenbking mathematics more useable in

non-mathematics contexts.

6.5. Limitations of the Study

6.5.1. The sample

Interviewing my own students was a possible soofdaias. This included the possibility of
my not being objective, of reading more into studeresponses than | should, asking biased
and directed questions, and not knowing if or hdaudents who had other mathematics

teachers in the foundation programme had devel@et used mathematical practices in
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undergraduate study. With respect to the last dasatdge listed, the study would have been
better informed if a wider range of ex-Foundatiooglamme students could have been
interviewed; but the teaching approaches of theerotmathematics teachers were not
necessarily the same as mine, and therefore, Idvoot be able to draw the same kinds of
conclusions from other students as | had from mg.d@ne cannot generalise the findings of
my study to all teachers in this or other foundagpwogrammes, because it depends on how
they have worked with the teacher/learner/curricUenvironment interfaces, as to the
resulting mathematical practices students may or moa use once they leave their respective

foundation programmes.

With respect to the first three disadvantages dérinewing my own students, these
disadvantages are typical of any interview dataudgest that the study would have been
more objective if | had interviewed students fronother institution, who | did not know; but
then my research questions would have been ditfeserce | would not be linking students’
current experiences with those in my FoundatiorgRrmme classroom. Therefore, although
interviewing my ex-students had the possibilityocds creeping into interviewing techniques
and data analysis, | was careful to design intervgeliestions to be as rigorous as possible
(see chapter 3), according to suggestions by Mar(i097). Categories were introduced that
would allow for contradiction of any findings thaimight have favoured and emphasised,

such as students saying that they had had goodienrpes in my mathematics class.

6.5.2. Analytical indicators

The biggest difficulty | had in data analysis instktudy was that a complete set of detailed
indicators for what counts as ‘mathematical prastiés not available. ‘I linked mathematical
practices with proficiency by searching for comnldies between the Ball (2003) and
Kilpatrick et al (2001) texts, over and above thateady made by Ball (2003), in order to
reinforce their relationship, and to be able tocdbes how mathematical practices were used
to solve IT tasks. A more detailed set of indicatemould be very helpful for more detailed

studies along the same theme as this one.
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The same may be said of transfer — currently tiseeeelot of debate around what constitutes
transfer, but very little consensus about the tetinad should be used to characterise the
different kinds of transfer that can take placet Bathe dilemma is that we still do not know
if transfer should be described through existiragrieng theories, or if it is a theory of its own
that needs it own definition. Transfer researchieage suggested varying ways to explain,
describe and classify transfer (e.g. Barnett & C@002; Carraher & Schliemann, 2002;
Salomon & Perkins, 1989); but in order for this pbmenon to be studied, an analytical
framework, through which different kinds of transtébserved can be categorised, must be
provided first. It is easy to become bogged dowthandebate and then become unsure how
to analyse data, because there are no common terdescribe the different kinds of transfer

one might observe.

6.6. Recommendations

This research study was informed by my initial osity about the students who | had taught.
How had they experienced my teaching? Did the gherbod my students spent with me have
a positive influence on their undergraduate leaymma subject that requires a certain extent
of mathematical knowledge or accomplishment as maimaece requirement? How was

mathematical knowledge used in their undergradstaigies? What would the answers mean
to me in my teaching of future students in a simglavironment? These questions translated
into the research questions that guided this sthilgtly, to what extent are students aware of
differences in teaching approaches between Fowmda#rogramme mathematics and

undergraduate study? Secondly, to what extent ulbests believe that their experiences of
the teaching approaches in the Foundation Programatieematics class have helped them in
undergraduate study in other courses? Thirdly, matwvays are the mathematical practices

taught in the Foundation Programme used in undéugta study in IT?

This study provided some answers to these questodsresulted in a proposed model
describing how student-centred teaching, produdatigposition and transfer might be related
to each other. Further investigation can be donéhase areas in the following ways: A
second case study may be done, investigating dausfier or generative learning in higher

education situations, working with students frorffedent learning backgrounds. Such a study
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may throw light onto questions such as ‘Are thdteepways in which to learn mathematical
practices?’, ‘To what extent are students ablesmmathematical practices in new contexts if
the practices were not explicitly discussed andefesl with them?’, Does the extent of
students’ uses of mathematical practices in mattiesneorrelate closely with that in other
domains, and ‘What are the consequences of teaemdred versus student-centred
approaches for students’ later abilities to useheraatical knowledge and practices in other

non-mathematics academic contexts?’.

The possible relationship between productive digjposand transfer hinted at in this study
might be deliberately investigated. Such a studuldianvestigate students’ beliefs and use of

mathematics, as related to each other and othentadnematics domains.

In addition, | made the assumption that develogjagstioning practices among students was
good for the students in terms of framing aspedtsnathematics that were considered
important; that is, the strands of mathematicalffipiency. | did this before | had thought

about this particular study and | made assumptabwit the usefulness of questioning as a
practising teacher. It would be useful to study haeliberately asking questions to frame
particular aspects of mathematics (proficiencyrstsd help students to develop mathematical
practices. Also, does deliberately teaching stuglbotv to frame questions focusing on each

of the strands make maths more useable in otheaithsh

6.6. Concluding Remarks

In my introductory remarks in chapter 1, | raiskd guestion of the relevance of mathematics
to study in IT. My research shows that mathemasiasecessary for study in many areas of
IT. However, contrary to what is commonly believéds not necessarily the mathematical
content that is transferred, using a traditionatlarstanding of transfer of elements of
knowledge, but rather the situative transfer of hmatatical content and practices by the
student to the new context of IT. | observed theat knowledge or solutions to problems in a
new domain may be intricately ‘crafted’ by the oy using not only the necessary
mathematical content and practices, but also asgssary IT content knowledgelus any

social or cultural experiences necessary to doptbblem. And all this can be made more
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possible by using a student-centred approach thiteg, preferably in both the prior learning

and in the current learning contexts.
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APPENDICES

Appendix A: The Mathematics Content Studied in 2006

Math A:

1.

The Number SystenDefinitions, examples, symbolR; N; Q; Z; domain and range;
set-builder and interval notation.

Functions and Relations Definitions; function notation; Inverse relatiomixed
graphs; plotting to discover different shapes ahatwnakes them that shape: straight
lines, parabolas, logarithmic, exponential, hyp&abgocircles.

Linear Function: y=mx+c

Transformations

Concept of gradient: positive/negative/steepness

Concept of y-intercept

Gradient-intercept method of drawing (needed fogdr programming)
Dual intercept method of drawing

Domain and range

// and[J lines.

Special linesy{=%x, x =k, y =K)

Finding equation of line

Word applications: introduction to modelling; indes valid questions from the
disciplines of business, economics, biology, sa@entarketing

Reading and interpretation of pre-drawn straighe fjraphs e.g. distance/time graphs

Simultaneous Equations: Substitution method; two and three unknowns.

Linear ProgrammingBasic inequalities on a number line

Interpreting set-builder and interval notation bnawliing on a number line; open and
closed circles

Drawing linear inequalities; shading above and Wwdine
Definitions within linear programming

Number sentences from word problems; interpretattdnnumber sentences by
drawing of appropriate graphs

Interpretation of information presented by graphdecision-making
Optimisation
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Quadratic Function: Discovery of basic shape by plotting

Symmetry — what causes it to have this shape?
Domain and range
x andy intercepts

Transformationsy = A(x + b)? + B; what do the different letters represent? i¢alt
and horizontal shift; maxima/minima; increasing afetreasing functions; domain
and range of transformations

Inverse relations (basic concept)
Drawing sketches

Interpreting sketches in terms of models of situai e.g. profit in business
applications, distance-time curves

Exponents: Laws and definitions governing integral exponents
Laws and definitions governing rational exponents
Manipulation and simplification using laws

Equations: with rational exponents (where unknownthe base) and variable
exponents (exponent is unknown)

As above, but with base e

Exponential graphs: x/y intercepts; asymptotes, aofenge increasing and
decreasing functions

Transformations: y = A &*°+ B

Interpretation from word problems and drawing grapterpretation of graph, relation
to disciplines of study as described above; calmra from word problems e.g.
population growth, time periods; exponential curwvesiodelling situations

Logarithms Definitions; Inverse relations; expressions arglations; base e€;
graphs and transformations; word applications

Mixed Applications Word problems

Calculations
Graphs
Interpretation of questions and findings; multigisciplines
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Math B:

1.

Probability Theory random experiment; sample space; complementagntgey

mutually exclusive events; independent events; it@mdl probability; random

variable, mean, variance, standard deviation

The Binomial Distribution Binomial expansion; binomial distribution; word

applications; expectation, variance and standavdhtien

Introduction to Limits: concept: ‘from above and below’; terminology: ‘tlsnto’;

calculations; simple graphical representations

Average Gradient: equation derived frorrm:u; how gradients change
X=X

according to the position on a curve; average spaettept of ‘average’

Instantaneous Gradient: gradient at a point; tie in the concept of limgsadient

of a curve; tangents and normals; differentiatules and chain rule

Curve Applications: curve sketching and interpretation

Word Applications: word problems; interpretation; analysis applicatiof above

theory in real life situations.
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Appendix B: Example Questions for the Roles Playedy Math B
Students

1. Conceptual Understanding:
What shall we do next?
Why are we doing it this way?
What is the next step?
Where does this lead?
What does this mean?
What are the differences?
How do we relate this to what we already know?
How do we represent this graphically?
How do we interpret this answer?
2. Procedural Fluency:
How do we write this correctly?
What is the way to represent this in maths/words?
What formulae could we use?
What have we left out?
3. Strategic Competence:
What is the problem?
How can we reformulate the problem?
How can we use maths to solve this problem?
What prior knowledge is applicable, and why?
How can we make sense of this?
What is relevant/irrelevant?
4. Adaptive Reasoning:
What other concepts are related to what we haw?her
What other situations are related?
What patterns can we find?
Are you making a claim? If yes, what?
What validates your statement/conclusion/claim?
Provide a sufficient reason
Justify your answer

Convince me!
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Appendix C: The Instrument Used for Focus Group Inerviews

Type of Question

Refers to research questio
1

n Refers to research

question 2

Refers to research

question 3

1. ‘Hypothetical’
“...what the

respondent might do o

what it might be like in

a particular situation;
usually begins with
‘what if’ or
‘suppose’...”
(Merriam, 1997:77)

1. how would you define

the concept ‘teaching
r approach’?

2. How would you describe
the approach(es) | used fo
teaching maths in the FP?

3. Choose a particular
subject you have learned
since you started
undergraduate studipo
not tell me what the

subject is or who teaches

the approach(es) that the
lecturer used/ uses for
teaching it?

|

4. (follow on) — can you
give me examples of a
typical lesson?

5. Suppose one of the
current FP maths students
approached you with the
comment,'Mrs Manson is
doing all this stuff in maths
we aren’t used to ...-
How would you respond to

him/her?

it. How would you describg

1. Why do you think you
did maths in the FP?

2. (follow—tn) What part of
the maths has the most
relevance to your
undergraduate studies?

3. (follow-on) Why do you
say this? Expand on
previous answer.

4. How do you think you
would have coped in
undergraduate study if you
had not done FP

mathematics?

5. (follow-on) What

aspects of study do you

difficult if you had not done
FP maths?

think might have been more

2. ‘Devil's Advocate’
“...challenges the
respondent to conside
an opposing view... e.
‘some people would
say’ ...” (Merriam,
1997:77)

| am using the sam
approachss in my studies now
that | learned to use in F
gaths classe:

1. Is this statement

applicable to you?

2. (follow-on) If yes, why

1. Your friend makes
the comment,
“Maths in the FP
was a waste of
time!” Respond to
this comment.

. Your friend goes on
to say,"We didn't
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do you agree with the
statement?
If you don't agree, what is
different?

need to do maths in
the FP —we aren’t
even using any of it
now!” Respond to

this comment.

3. ‘ldeal Position’
“...describes an ideal
situation... yields
information and
opinion” (Merriam,
1997:77)

1. Describe some ideal wayj

to learn your

undergraduate subjects.

. Ideally, what things

taught or learned in
FP mathematics
should be usable in
the subjects you are
studying in

undergraduate IT?

4. ‘Experience’
“...personal
experiences,
perception and
interpretations...”

(my own idea)

Lectures:

1. Please describe a typica
lecture — what does the
lecturerdo to teach?

2. In what ways do you
learn new concepts in
lectures?

3. Do whole-class
discussions take place in
lectures?

Tutorials:

4. What does the lecturer

spend his/her time doingP

5. What do_youspend your
time doing?

6. Do you ever work in
groups? (is this on your +
or the lecturer’s
initiative?)

7. Does the lecturer ask
guestions?

(follovi—on) what kinds?
(each of the following
will be dealt with
separately)

* Method/procedure (what

* Conceptual (why)

. What aspects of FP math

were different from
school? In terms of:
Content?

How content was taught
Any other aspects of the

FP course?

. Has the FP maths course

had anypositive effects
on undergraduate study?

if so, what?

. Has the FP maths course

had anynegativeeffects
on undergraduate study?

if so, what?

—

. What subject(s) tha

you are currently, o
have been, studying
in undergraduate
study use aspects g
(each of the
following will be
dealt with
separately)
problem-solving
generalisation from
the specific to the
general

logical thinking
arguing/reasoning
modelling from real
situations to
something like
formulae, diagrams

or other?
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« Justification (justify your
claim)

* Problem-solving (how)

8. How much whole-class

discussion takes place?

5. ‘Interpretive’
“...interviewer
advances an
interpretation of what
the respondent has
been saying and asks
for a reaction...”
(Merriam, 1997:77)

I will wait for responses in
the actual interview, and usg
this questioning technique, |f

necessary.
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Appendix D: The Categories Constructed for the Focsi Group

Interviews

Meaning of

‘teaching approach’

1.1.describes generally
what a teaching
approach is

1.2 Describes ‘learner-
centred’

1.3 Describes ‘teacher-
centred’

Teaching

approaches in the F

2.1.Teacher-centred

2.2 Learner-centred

Wl

Learning
experiences ifrP

3.1.Reference to
mathematical
practices learned /
used

3.2. Classroom
activities

3.2.1.positive

3.2.2.negative

3.2.3.neutral

3.2.4.reference to
importance in
other aspects of
life

3.3. Change from
negative to
positive

3.4. Change from
positive to

negative

Teaching
approaches in
undergrad

4.1.Lecturer

4.1.1 Teacher-centred

4.1.2.Learner-centred

4.2.Tutor

4.2.1.Teacher-centred

4.2.2 Learner-centred

Learning
experiences
undergraduate
study

in

5.1.Comparing FP
with undergrad
(perceptions)

5.2.Positive

5.3.Negative

5.4.Neutral
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Mathematical 6.1.yes
practices used in
undergraduate
study

6.2.No

6.3.Current beliefs
about maths

Encouraged / promoted6.1.1.

/ used as a ‘habit’ fro
FP

Yes

» Procedure

» Concept und.
 Prob-solving

« Justification

« Strategy

« Decision-making
 Questioning

« Pattern-recognition
» Generalisation

* Representations
 Productive disposition

Individual work

7.1.Deliberate

habits /Group learning tool
work / discussion | 7.2. Survival learning
/ argumentation tool
used as a learning 7.3.Benefits outside
tool / good of studies
learning 7.4.benefits for
undergrad
studies
7.5.n0
Expectations of | 8.1.Learning 8.1.1disappointed
classroom experiences —
behaviours P 8.1.2.satisfied
learning tools 8.2.Teaching 8.2.1disappointed
approaches 8.2.2.satisfied
Verbally 9.1.content 9.1.1.Positive / sees
demonstrating connection
need for FP maths 9.1.2.Negative /
and purpose of FRH doesn'’t see
maths connection
9.2. practices 9.2.1.Positive / sees
connection
9.2.2.Negative /
doesn’t see
connection
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Reference to

10.1.Teaching

0 secondary approaches used
schooling 10.2.Learning
experiences
10.3.content
10.4.Math practices
used
11 Lecturers/tutors 11.1.yes
themselves
demonstrate use of 11.2.no
math practices
12 Ex-FP students 12.1.Favourably
compare
themselves with 12.2.Unfavourably
non-FP undergrad
1 peers
13 Effective uses of | 13.1postitive
my FP teaching
approaches 13.2negative
compared with
other FP learning 13.3n0 opinion — just
1 a reference tq
other FP
experience
14 Reflections on FP /| 14.1postitive
outcomes / roll- 14.2negative
overs 14.3suggestions
2
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Appendix E: The Instrument Used for the Task-Basednterviews

This appendix lists briefly the tasks in the reskanstrument and the mathematical practices
required to do the IT tasks competently. It alsplaixs briefly and simply the main concepts

of the tasks — particularly for the benefit of tien-IT-proficient reader.

Many computer designs have an iterative naturet Bharthe learning taking place in

undergraduate study of IT is experiencing the atitn of a design, only to realise that
something important was left out, resulting in tieed to go back to ‘the drawing board’, so
to speak. Hopefully, the task-based interviews Wwélp to answer the question, “How are

mathematical practices implemented for thinkindjTi”
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The Networking Task
Explain how a Microsoft NT Server or Novell NetworBerver locks out an account after a certain
number of failed logon attempts. Explain why thigge of security is important. Explain which OSI

layers play a role in helping to encrypt passwofds security. Justify all your arguments.

Analysis and projected mathematical practices

Networks and Data Communications introduces toesttesdhow computers 'talk’ to each other in a
network. Students learn about the hardware requiredstandards that make things work together,
and how to operate a network. OSI is an acronym@pen Systems Interconnection’, which is a
model that explains how computers ‘talk’ to eadheotin a network. The OSI layers describe all the
components of the network. For example, the fagel defines how computers are physically joined
to each other by electrical wiring. Another layemtrols how information is sent to the correct
computer on the network. Yet another layer will maure that the data is correctly communicated
from one machine to another; and so on. As thetmuestates, password and logon information are
security issues and are also controlled by a layelayers; and the question is asking which lag)er(
will be involved. This is a fairly low level quesh, and was used in the instrument because the

students had just started learning about this ithey participated in my interviews.

Uses mathematical procedures:

» Identify OSI layers and defining what each layeesio
» Describing the lockout procedure

e Describing the login procedure

» Basic programming syntax

» Correct use of terminology

Explains Understanding of Concepts:
* Why security is necessary — big picture
*  Why certain OSI layers deal with security
» What the OSI layers do and relate to each othet just definitions, but understanding
* The lockout process
* How the particular network functions (e.g. Novell)

Applies Concepts Flexibly
* Problem solving associated with design
» Decision making concerning choices faced and nféistent choice

Constructs Arguments
» Giving reasons for making a particular decision
* Argumentation with justification concerning decisso
» Evaluation with justification

Productive disposition:
» Appreciates where this fits into the big picture
» Appreciates the importance of security in a network
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The Banking Systems Task

Design a small banking system which has clientscBalient can have a savings and credit
card accounts.

Consider the questions that follow and justify gibur answers.
a) What classes would you have?
b) How would these classes ‘see’ each other?
c) What do the classes need to remember? (i.e.twwhathe attributes of each class?)
d) How will each class store its information?
e) What would the behaviours (methods) of the sles be?

Analysis and projected mathematical practices

This task is very open-ended. It probably wouldehbeen even more so if it had not been broken
down into sub-questions. Therefore, many designg Imasubmitted, all of which could be correct.
This question would ordinarily be done using awafe package calleBlued The software itself
would require certain techniques to be used, besdhwill not be discussed, as the entire task was

done on paper for the purposes of the interviews.

Efficiency of design is an important aspect of cabtep programming in general. With this in mind,
some designs may be more ‘efficient’ than othetschvis a significant aspect of decision-making in
computer programming.

The task has been broken down into smaller subtigneswhich follow on from each other. That is, a
decision made at the upper levels of the questay, question (a), will influence how and why
subsequent decisions are made, e.g. questiom(lgereral, there is a natural hierarchy that néeds
be addressed when doing this task. As the respbmdeves down through the sub-questions, the
concepts move from the more general, ‘big pictw@nsiderations of the task to the more specific
considerations — the needs of the actual systenglugsigned. It is an interesting aside to ingifire
this hierarchy would still be followed, even if thesk was not encouraging this hierarchical thigkin
Is the hierarchical analysis a natural part of padtly a good design for this task, or did it ontgior
because the question was broken down in the wayt tvas?

The task also has evolutionary aspects. What | nhgathis is that it is possible to begin a design,
believing all the classes have been consideredimavwe through the rest of the sub-questions; anly t
realise that something else essential needs tadtdeda which in turn, may alter the initial design
concept significantly. Evolution of a design is esgary for improved efficiency in most situatiolis (
lecturer, personal conversation). In fact, as wekew through this particular task, we realised that
extending the time to be spent on it resulted endasign becoming progressively bigger, as we kept

adding ‘important’ classes to the system. Jo&o cented that one could spend a week on this
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particular task, upgrading it. Therefore, we deditle allow the task interview to go on between 60
and 90 minutes, depending on how it was panningntiit respect to demonstration of mathematical
practices or other interesting argument. We elentedo look for the ‘best’ possible design — mgrel
an indication thatritical thinking/decisionevaluationwas taking place and that the respondents were
noticing the need for evolution of their designs.
There are a few aspects to this task that makeséllent for observing certain mathematical praic
These include:
« How the design process was initiated — what sothioking is required? Did they observe the
prior necessity for the ‘big picture’ conceptudlisa?
« What makes a good or not-so-good design and why?
* What sorts of decisions have to be made?
« Have the students considered design efficiency;tliig evaluatetheir decisions/designs; and
how have theyustified their decision®
* How do the decisions made in the initial desigtuierice subsequent decisions?
* What sorts of decisions have been made that diffan decisions made by other paired
respondents who have also done task 1?
« What consequences or problems have been initigtetb&isions made higher up in the design
process that affect decisions and design furthendo the design process?
Ultimately, the conclusion we made about the wagkof this task was that it required a great deal of
decision-making; with a direct relationship to ical evaluation and justification of the decisions
made. Also key to this task was the use of reptatens and symbols. These were subject-specific,
and so were not mathematical in content; but weathematical in the sense that understanding of the
representations and symbols and when to use thesnawamportant part of completing the task
efficiently. Other important mathematical practiceberent to this task included analysis, problem-
solving, strategising, generalisation proceduraéficy and conceptual understanding. Below is an

example where each of these was used by my tusgstast in his solution of the task.

Joao’s design is shown below, and an explanatiohdw such a design may be achieved is described

under his solution.
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A flow diagram of the logical ordering of the dasigs shown above, but | must emphasise that in
reality the design is not linear, as it appearshenflow diagram. In reality the team tasked toigies
such a system would start the design by decidingt e ‘big picture’ would look like. From here,
the design process would progressively narrow dtmme designing of each component of the big
picture, as shown in the flow diagram. The wordaighe task indicates how this would take place,
although the real system would not use questioripfllly scaffolded for the designers. The
scaffolding was necessary for the task becausesttidents are beginner programmers and would
possibly become lost in the project if not helped.

The non-linearity of the task is seen in practisere during, say, level 3, the designer(s) would
realise that they have left something important oluithe main design, or want to reassign an
‘attribute’ to another ‘class’. This will have aamballing effect on the rest of the design, and the
group will generally find that they often need &gwork the main design; which in turn influences th
other levels. A more proficient team will need tHlis less, because their collective experiendle wi
pre-empt problems before they go too far down thecgss. My students, because they have
significantly less experience, typically did mamgrations and changes to all levels of their design
many different times. Therefore the process wadinear, although the same thinking processes and

strategic and argumentative practices as thosehys&kperts’ are required to do the task.
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As the design moves from the big picture to thecdigeneeds of individual classes, there is a
tendency towards requiring more use of procedurattites and less of strategic and argumentative
practices (not that any of these are ever absemt &my design level). That is, the big picture resgi
strategic planning with associated justification dEcisions made, along with conceptual
understanding of how the classes will together rdomte to the whole banking system. The
programming required to make each class behaws spéecified way would have been defined a long
way back in the design process and writing the paogne requires use of syntax and terms in a
defined order and specific to the programming laggubeing used. Programming itself requires a
certain amount of design — there are many diffepeagramme designs that will result in the same
final output; but some programmes will be more céfit than others. Thus, even at the more
procedural programming level, strategy, argumemtafind justification of different strategies are

necessary for better programme efficiency.
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Level 1: big picture (macro):

requires:

» Listing of essential classes

» Why listed classes are needed

* Requirements of the banking system

» How classes ‘see’ each other

e How information may be stored

e Big picture design

» Representation of system in class diagram

» Small strategies — what goes into a class/how et

see each other
» Questioning and justifying level 1 decisions
» Evaluating level 1 decision

Specific mathematical procedures and concepts ate

needed

Level 1 Make a decision about big
(questiomla) | — > | picture design
Make a decision based o Level 2
decision made inlevel 1 | ¥ | (questionlb)
Methods chosen Attributes chosen
o Level 3 Level 3 iai
depend on decision | (questionle (questionLo) -»> depenpl on decision
made in 1a) and b) 9 made in 1a) and b)
Decisions made in level 4 wil
depend on the decisions made
for levels 1, 2 and 3. When h v
decision for level 4 can only bg Depends on
made if that on a higher leval . Level 4
changes, then often the higher attrlbutgs chosen |« (questionld)
levels need to be re-addressed and defined

Levels 2 and 3 (intermediate)
requires:

Linking classes
Defining the behaviours/methods of a class, depen(
on the choice of class & attribute

Representation of system in class diagram

Which attributes go into which classes

How attributes, classes and storage link to eaodrot
Justify level 2 decision

Evaluate levels 1 and 2 decisions
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The Computer Systems Task
Use MMLogic to construct a digital logic circuit goesponding to the standard Sum-of-

Products expression for the function:
F(Xy; 2 :_xyz+ X

1.List the truth table for F.
2.Simplify the expression using Boolean algebra adéntities.

3.List the truth table for the simplified expressio
4.Construct the logic circuit diagram using MMLogic rad verify that the circuit

produces the same output as the truth table.

Solution:

F(’x,y;z*):‘;jiz,f — Seonpliily G Oglronses iy lindides,

1. |
B-CEW WA Y N e S— =
IWPAS | ouTPeTS Pecor IDEVTITY ”AME\S

= ,,{_._Li?,izf-_ﬁ Bpdeng Xy2sxz =
B 2y Al % = (Xy+x)2 |\ Dobibalir et !
‘ { {
o J o o ) = - | |
_[(X+X)Cv+1(1]z; Diilecdadisss i }
e 1 o 9{ & o o !
o 7 ( q q o f o 1- ()’*A’}g_? “ %M M ;
(N R B . 0 -
e % |k (xsysz Clrmmmtidiiie L |
e p-ow B e ! ( 1
{ = , o 2 4
1 o & l % . [
S ] ' ! Py =iy g
. ‘,___“7”‘78____ ! Wf o * ¥ &)= ’(/27' X2 = (X +ypl 2
3. ﬁéf&g 4 éé_f;/é’% ﬁ%WmW
=3 e ————

L) Gornsliweyf éj/ﬁ. cinenls Sos éﬁ"/ @t
Mi% Tt bk soteed /w-zéze' ZZ

(/Dm/ 2thsén )

232



George Boole developed a system of logic, latemknas Boolean logic, which was recognised as a
base for understanding how computers function ecttcuit level. Since computer logic is grounded
in the ‘on/off’ scenario, it was reasonable to ssgighat the binary number system, namely one and
zero, could be used to represent ‘on’ and ‘off’ o@n logic was originally set within the concept o
‘true’ or ‘false’, which lends itself to the binapn/off situation. Boolean algebra is largely ateysof
specific identities set in the binary number systand is used to simplify complicated circuit desig
into the simplest form that may be used in thelfiesign of circuits, such as those used in conmpute
central processing units (CPU’s) or screen carels pbiones or modern washing machines and cars —
all of which contain processing and memory fundiobhe identities function in a very similar way to
other mathematical identities, such as trigonomeidientities or Euclidean definitions, and are

regarded as ‘true’, and subsequently used for durthlculation.

| argue, therefore, that this question requires ube of the full range of mathematical practices
defining the ‘mathematically proficient’ individuaProcedurally competent use of Boolean identities
requires the conceptual understanding of how ang thby are used; and their use requires their
strategic manipulation, together with justificatifor their strategic use or non-use; which in turn
requires conceptual understanding of the signiiezand correct procedural use of the identities. It

not clear by looking at the question where prodwctisposition contributes to proficiency here; but
one would have to listen carefully to verbal expl@ons of the problem and its solution in order to
identify this aspect of proficiency. Thus, all theoficiency strands of mathematics are required in

their entirety for this IT problem.

The mathematical practices used by the studems this problem could include

Uses Mathematical Procedures:
Produce a completed ‘truth table’ using combinaiohon and off or X and X'.

Circuit diagram with correct gates’ which represahD, OR, NAND, NOR (or the combinations of
ON and OFF)

Correct use of mathematical objects such as tetoggpdefinitions and symbols

Explains Understanding of Concepts:

Correct conceptual choice of AND/OR with/ O symbols in Boolean logic

Choice of using X and X'n /[, etc. symbols and their relation to ON / OFF

How groups of symbols combine to determine howcihauit is switched on or off e.g. X'YZ', etc.
Choosing appropriate Boolean identities for singdifion of expression

Understand the relationship between simplified famd original form (must give identical result)
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Applies Concepts Flexibly

“More expert problem solvers focus more on the ctital relationships within problems,
relationships that provide the clues for how prab$emight be solvéd

“...A fundamental characteristic needed throughoue tproblem-solving process is flexibility.
Flexibility develops through the broadening of kienige required for solving non-routine problems
rather than just routine problemgKilpatrick et al., 2001)

Choose correct identities for simplifying expressio

Choosing ordering and when to use (or not useitiEsnfor simplifying expression

Knowing when problem is fully-simplified

Working with problem-solving processes: given, umkn, condition andsolution (see above).
Given: original problem

Unknown: end solution result

Condition: Result must be simplification of origina

Solution: simplified result: tested using truthleabr software check programme

Constructs Arguments
Deductive reasoning used for simplifying using iitezs
Justify use of one identity over another

Evaluate legitimacy with justification of simplifiform — did it give the same result as originahi@

Productive Disposition

Appreciates where the mathematical practicestfit iine big picture
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The Prime Numbers Task

Write a programme in Java to print all the prime mbers from 1 — 100.

Programming tends to be very procedural in natuespecially once the programmer becomes busy
with the actual task of coding. Procedure in progréng includes using the correct syntax and

algorithms. Syntax is specific to the programmiagduage being used, and requires 100% correct
use, or the programme will not run. This part adgramming is memory-based, although prolonged

use of a particular language will result in autdoaly correct use of syntax. Examples of syntax

include ‘if and ‘while’ statements, which, if usedrogramme the computer to expect specific inputs
from the programmer. The use of ‘loops’ is an imadlle tool for the programmer, as the computer

can be told to perform a huge number of iteratimfithe same task until it is ‘told’, by some conmatit

being reached, to end the loop.

This particular task expected the student to steforb implementing actual coding procedures
(verbally communicated to the students). What nratiteal practices were required from the student

before the writing of the code would be done?

Uses Mathematical Procedures and Explains Understaimg of Concepts:

Students needed to be able firstly to fully defemgrime number, and secondly to demonstrate
understanding of what a prime number is and isimatrder to write a programme to list all prime
numbers from 1 to 100. It is not enough to recagrasprime number when you see one. The
programme needs to check every number between 1@Mhénd find which isnd which_is noa
prime no. Therefore, one needs to understand thgarship that exists between the prime and non

prime numbers.

Choice and appropriate use of mathematical synibalsder to restrict the list of numbers to between
1 and 100. The question did not specify whethernil 400 were to included, and so use of
1< number< 100 or 1< number< 100, or a correct variation of this notation would baleen

considered appropriate.
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Applies Concepts Flexibly

Strategically designing a computer programme is \ikiting a Euclidean geometry proof. If logical
sequencing of information, arguments and commasdsbsent, the programme will not work (the

intention of the programme will not be implemengaby the computer).

There is as much emphasis on what a prinas iwhat it is not

Setting up a ‘loop’ specific to Java requires ttrategic decision to use numeric values that timeasy

in the loop can work with — for example, each tithe loop runs it has to add 1 to the previous
number it tested for prime before it can test tte mumber. The mathematical practice of addition of

integers must be flexibly applied to the stratelggsen for the running of the programme.

given, unknown, conditiorandsolution:

given: List prime nos.

unknown: how to apply the definition of a prime riagnto programming.

condition: define prime and non prime

solution: systematic checking of every number bynseof a loop and ‘testing algorithm’.

Constructs Arguments
Justify use of one algorithm or particular syntarrmanother

Productive Disposition
How mathematics concepts relate to programmingguiees and strategies
The importance of planning

Procedural fluency in IT is required when usingalapecific programming language syntax, for examphe
of the correct syntax ensures that the programrii&kmow what to do. For example, every languagedsde be
able to set up a looping structure. Setting upog lvas necessary in this task for the programnk@dav to keep
counting from 1 to 100 and testing if each value aarime number or not. Computing students arecgp to
know how to set up a loop in Java 1. A looping ctuite has to have a ‘test’ which will tell the pramme
whether or not to do the loop again. This ‘testyrba at the beginning or end of the loop. Corrgaotax is also
required to tell the programme when to ‘add 1’He previous number tested, so that the loop mayraim 1 to
100, and when to stop adding 1 to the previous mumhll of these procedures are defined by the Uagg-
specific ‘syntax’. The syntax defines how a speclinguage implements a loop. Examples of Javaasynt
include ‘if' and ‘while’ statements. Procedural dlocy in programming entails knowing the order afhotands

to put into the programme, so that Java will beablread what to do next. Added to this knowledgeneed to
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continue to use particular syntax once certainasyas been selected for use. For example, if aviite’
statement has been used at the beginning of a tlbep.the body of the loop must be begun with aldedce ( {
), and ended with a right brace (} ) — otherwise programme will not recognise the loop and not Another
procedure that may be used by the students indhkifg systems task is that of setting up an ‘arvaydata
base’, which are ways of storing information, faample, lists of addresses and telephone numbdchwleed
to be extracted and used by the banking systemseTpeinciples are all procedural, and need to kesl us

completely correctly when programming.
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