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ABSTRACT

Mathematics textbooks are ubiquitous in classrooms but researcbwoteachers use this

resource which is a major resource and often the only resource that teachers have access to, is
Af | e d®emitlagdp HerbeEisenmann, & Lloyd, 2009, p. XivThe study investigates the
teacheitextbook relationshipetween the affordansdJ. J. Gibson, 197%7of the textbook

and teachersod6 capacity to perceive and mobil
the object of | ear ni ngdesign dapatity (PBJOBrowne 20@2h er s 0
2009.

Theoretically grounded in socmultural theory wherein all humans airgherently social

beings and grow from and through the use of t@digyotsky, 1978, the study aligns itself

with a conception of textbo@emilard 28005aE 22 par t i
and where teaching is a design actiyByown, 2009 to develop conceptual framewvks for
determining the affordances of the textboolk
affordances.

The analysis of the textbook produces two me
mathematical conterdnd the approach to the teachgnand learningof this content. The

anal ysis of teachersé6é | essons amectianbtetheot her
textbook content, some of which are robust while others are distractive. However, an
important result of the analysis of thedess is that the teachxtbook relationship is a

function of thecritical omissiondrom the textbook that the teacher makes.

The key findings of the study are that for the teachers in the study, their textbook use is
generallytacit and not deliberate;their relationships with their textbooks amet intimate

resulting in generalljow PDCs. Thus, the study warns against notions that making textbooks
available implies deliberate use; and argues that textbook use needs to be mediated in order to
be ddiberate.
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CHAPTER 1
Introduction to Study

1.1  Why Textbooks

During familiarisation visits to the ten schools participating in the Wits Maths Connect
Secondary project (WMGCS), my interest in how teachers use textbddksheir classrooms

was piqued byny observations of how two of the teachers in those schools interacted with
their textbooks:

Teacher A

After correcting the previous da)earsershtteme wo r |
teacher continuedith the introduction of a concept whiclerived from the homework they

hadjust correctedAfter a few remarks learnerswedei r ect ed t o dinthert of 6
textbooks and instructed to do all the exercises in the order that theyexjipehe textbook

as the teacher movedoundthec | assr oom c h e c kAfterg few mundsheer s 6 w
teacher call ed | e ailearmersshighaht éxercises. Then, tkeyreh g u i d €
to one particulaguestion which the teacher tdishrners to skip and mog@nto the next one

after tha

| started wondering what made the teacher decide to omit that particular question and about

the consequences of such an omission for the general coherence between the activities
learners had beenengagedamn d t eacher 6s g o aflvordd, whatexadthe | e s s
did teacher want learners to learn in that lesson, and how was that similar or different from

the intentions of the textbook author?

Just to give a little background of this class. This was a Grade 9 class and in the previous
lessonlearners had done exercises on the expansion of factorex&wmple, expanding the
factorsof the type @ 0 @ ¢ to obtain the expressiody @ @. On this particular
day they were provided with a mix of integer valuesdand required to gnerate separate
tables of values for the expressiorl® 0 o 0 o andb 0 @  using the
sameo values. My observation was thdearners spent a lot of time generatihg tables.
For the values ofQ instead of substituting a given value @and evaluating the values
directly, learners would firstly multiply out the brackets and then sfynfitie expression.
For example, fob v, learnersvould multiply out v o v o to obtain the expression
U pU pUL wand then simplify the sum to obtain Zhey did not translate ¢htwo
bracketsag ¢ T.

The question learners were asked to skip bydhehterdealt with the comparison of the two
expressions, to show that the two expressi@hand 0 were equivalent. Agar as | am
concerned, this was the most important question of this exercise. Te&chad the

! See page 3 for the description of this project

2 In this study | refer to textbooks as prescribed books which have been writter faralassrooms especially
by learners and teachers.

3 By exercises | refer to anything learners have to work on



opportunityto makelearners see thatdhexpressions were equivalent and to start to introduce
them to transformational algebra, but did not take up this opportunity. However, for the
learners, the exercise ended up being about expandifgdioesfor O and a substitution
exercise for0, which | do not believe was the intention of the textbook author for this
particular exercise. In other words, the particular omissionttiegteacher made detracted
from the intention of the textbook.

Teacher B

The teacher introduced a new topic (Varano Data Handling) to a Grade 11 class by
asking learners to calculate variance from a given set of data which the teacher wrote on the
chal kboard for | earners. Learners asked the
it before. To answer therners, the teacher wrote a formula on the chalkb@@l,OE AT A A

B Lo (formula 1), and told them that the formula washh e def i ni ti on of

Learners started working on the problem by applying the given formiilae Teache
commented that learners were taking too long to calculate variance, and learners responded
that the procedure was too long, and wondered if there was a shorter procedueacher

then suggested that there was a shorter method and started lookimgnfahe closed

cupboard in the front of the classroom. The teacher brought out a wofktitfekent from

what learners wereusing t hen wrote the O0shorter 6Thenet hod

new formula was given aé: A OE A IBA-A of- (formula 2). While these two formulae
look different they are actually both correct and are used to calculate variance.

Towards the end of the lesson when teacher asked for ansseergrs called oudifferent

answers a fact wheh seemed to surprise learners, and to my surprise, the teacher as well;

who wondered what could have happened. Some learners had used the first formula while
others usedhe second formula (formufa above) One important observation for me here

pertaing to the two formulae being used; one from the textbook (formualbotg and the

otherfrom the workbook (formula 2)Through some algebraic manipulatidarmula 2 can

be derived from formula 1; but teach2does not explain this to learnemsr show tlem why

the two formulae look quite differemiut are actually the saméearners had to take it on
faith because the second formula came from ¢
by their teacher.

As with teacher A above, | wondered about thalkof relationship | was observing between

the teacher and his textbook in this lessbeacher and textbook were working together until

the point where teacher had to change the formula and depart from the approach to the
calculation of variance that wamdvanced by the textbooKhe insertion of a different
formula (formula 2) instead of enhancing the calculation of variance actually detracted from
the intention of the lesson for learners to be able to calculate variance; because at the end of

4 Taylor and Vinjevold1999 distinguish between tebwoks and workbooks by defining textbooks as providing
a systematic learning programme while workbooks provided supplemental and revision materials in support of
the textbooks



this lesso, boththeteacher and learners were wondering about what went wrong in the two
formulae they had used, not certain that they had correctly calculated variance.

The two scenarios above give a glimpse of important issues labauteachers interact with
textbooks in their classroom3.eachers make decisions about the use of textbooks in the
course of their lessons; some of which disrupt coherence as we see in the two lessons above.
The twoteachers used thidextbooks differently, but this we know; teacheise textbooks in
different and often distinct ways. Moreover, both teachers did not appear to use the textbooks
in a systematic way. Teacher A suddenly omits a critical question from the textbook, while
Teacher B also suddenly inserts an alternative odeti calculating variance which ted

not planned forln this study, | seek to understand more about the decisions that teachers
make with regard to their textbooks, how they make them, why they make them, and what the
implications of these decisionseawith respect to the opportunities opened up in the
classroom for learning.

1.2 Textbooks in South Africa

In 2012 in the South African media, textbooks took centre stage in what camé&riovon as

t he &6LiI mpwigna was aegoatdi jn the mediattisa&k months into the school year,
textbooks had not been delivered to schools in the Limpopo Province in South Afhisa.
caused a nationaiproar from all stakeholders: teachers, learners, parents, and NGOs, to the
extent that the Minister responsilfta basic education was called on to resign byldhgest
teacher unionn South Africa. A parliamentary commission had to be set up to investigate
the matter; the human rights movement conducted its own investigations and reported this to
parliament; ad one NGO actually took govement to court over the mattefextbook
delivery has since become a burning issue in South Africa, withrigoest called upon to
account foithis matter continuously.

This incidence shows how highly and importantly the teakbis regarded as a useful
resource for learning at schooHowever, it also highlights underlying assumptions which
eguate availahty of textbooks in schools witppropriate use and consequently to effective
mediation in the classrooniThe two examies of the teachers | mention at the beginning of

this chapter show that this is not always the case, and suggest that there is need for the
strengthening of these relationships between availability, use, and effectiveness in mediation.
As | embark on thg study, | am cognizant of this: our focus in this study is to explore these
relationships in order to understand better how they work.

This study is situated within the Wits Maths Connect Secondary Project, a research and
development programme funded I tFirstRand Foundation (FRF), and the Department of
Science and Technology. The project offers a sechaséd professional development
programme to teachers, in response to a call by the FRF for researchers to find possible
solutions to the problem of Hgailure rates in mathematics in South Africa. | have chosen to
study the appropriate use of textbooks by teachers as one such possible solution, for the
reasons | have so far advanced. Moreover, as the next sections shall show, mathematics
textbooks remia the major resource for teaching mathematics internationally and therefore



understanding how teachers utilise them in their practice and how their use can be improved
for a better quality education is highly desirable

In the next sections, | show theatsts of the field on textbook research in general and in
South Africa in particular; which indicates that this is a very young field which still has a
long way to go to establish itéeheoretically and empirically

1.3 Research on Textbooks

1.3.1 The Ubiquitous Nature of Mathematics Textbooks

The presence of mathematics textbooks in the classroom dates as far back as 300 BC with
E u c | Thed BlementgFan, Zhu, & Miao, 2013 For as long as many of us can remember,
and as far back as our primary education, the mathematics textbook has been a very critical
feature of our learning. As Remilla@005 notes, mathematics has long been associated
with textbooks and curriculum materials, and has a long history of being driven by the
textbook moreso thmother literacybased subjects. Despite the availability of other curricular
resources including internet and digital technologies, the mathematics textbook remains the
major classroom resource for teaching and learning mathematics in developing and
devebped countries worldwidéHaggarty & Pepin, 20Q2lohansson, 200®licol & Crespo,

2006 Vincent & Stacey, 2008 as well as for high performing countries in international
assessments such as PISA and TIR(@Skew, Hodgen, Hossain, & Bretscher, 2010

From the TIMSS Video studfHiebert et al., 2003 it was observed that at least 90% of the
lessons in all the seven countries participating in the video lessons manfeausetbook or

some form of a worksheet. Hodgen and téblmdgen, Kuchemann, & Brown, 201Lf&ckon

that textbooks account for 96% usage by teachers at Grade 8 internationally, with Brown &
Edelson(2003 positing that

of all the different instruments for conveying educational polig@syiculum materials
including textbooks] exert perhaps the most direct influence on the tasks that teachers
actually do with their leaers each day in the classro@umil)

As such, textbooks matter in the mathematics classroom and studies which ateestigt

happens when teachers use textbooks are hence highly desirable; especially in situations
where the prescribed textbook is the major and often only resource that the mathematics
teacher has access to. I am t adstlyifoorngl inher e
developing countries around the world. As Valverde and €002 poi n't out , npe
only students and teachers themselves are a more ubiquitous element of schooling than

t ext b®averdeoet al.,, 2002, p.);Lland as such and because of this centrality of
textbooks to schooling, Aunder s tgathedearning t e x t |
opportunities provided in educational systen

However, despite their ubiquity in the classroom, there seems to have been very little interest
for research on textbooks. App(@986 comments that legitimate knowledge is made

®PISA s the acronym for (Programme for International Student Assessmend) WSS stands for (Trends
in International Mathematics and Science Study)



available to school s e have aidgtho litHeoattemtiointhen g t o
textbookéYet even given the wubiquitous char.
we know | éApmet 1986bpo &tSame researchers believe that the research on
textbooks that Cronbadii959t er med as fAscattered, (@95 oncl u:
p. 4), has not changed that much, especially with respect to the use of textbooks by teachers.
Sosniak and Stodolski1993 ¢ o mme n t ysténfatic tatteritien to textbooks and their use

by teachers andt udent s is |l ong overdueo(p.249), ad
rectify this situation has gone unheeded for over three decades.

Hodgen et al (2010 note a complete absence of chapters on textbooksurriculum
materials in theHandbook of Research on Mathematics Teaching and Leaf@nguws,
1992, and only one chapter b8tein et al (2007 in the second edition of th8econd
Handbook on Mathematics and Learnifigester, 200Y. | also note that there is only one
chapter on textbooks in thiternational Handbook of Mathematidsducation (Bishop,
Clements, Keitel, Kilpatrick, & Laborde, 1997@and none on theSecond International
Handbook of Mathematics Educati{@ishop, Clements, Keitel, Khktrick, & Leung, 2008

1.3.2 Research on Textbooks in General

Fan and colleaguegFan et al.,2013 in their compilation of textbak research in
mathenatics from 1980 to 2012, show that research on textbooks divides iowo f
distinguishable categoriegole of textbooks,which is mostly philosophical and non
empirical;textbook analysis and comparisaoncerned with the analysis of the content and
conparison between textbooksextbook usewhich entails how textbooks are used by
teachers and students, and how the use shapes the teaching and learnitigeraactas
involving aspects such as electronic textbooks and student achievement in relation to
textboks. Figure 1shows the distribution of the research for three categories excluding the
role of textbook and indicates thattbook analysis and comparisorakes up some 63% of
individual studies (textbook analysis at 34% and comparison at 28%bpok usas at 25%;
andother areasof research make up 12% of the total research.

Textbook analysis
34%

Textbook use
25%

Texbook
comparison
29%

Fig 1.1 Distribution of empirical studies on mathematics textbooks
surveyed in different focus areas (n = 100) (fi¢ran et al., 2013, p. 635



1.3.2.1 Roles of Textbooks

The section on the ubiquity of the textbook in the mathematics classroomseg@atiatory

with respect tdhe role of tle textbookn the teaching and learning of mathematics. That the
textbook is an farbiter offTamadeeld7e,prafortbat | um o
the role of new technol ogy 0 pal hatoftextbdoks | nsi
and other wr {Howisenn 199 apt 2iroir a |t shoa t A textbooks
charged precisely with the r(Malveede @ &l., 2002apn s | at i
viii), is undisputed in the mamatics education community. Valverde etgal further to

portray textbooks as mediators between intended curriculum and the implemented
curricul um, referring to them as (diguet2ent i al
below shows:

INTENDED

Intentions, Aims & Goals

POTENTIALLY
IMPLEMENTED

Textbooks and Other
Organized Resource Materials

IMPLEMENTED

Strategies, Practice &

Activities
ATTAINED

Knowledge: Ideas, Constructs,
Schemas

Fig 1.2 Textbooks as potentially implemented curricul(valverde et al., 2002, p. 13

Almost all researchers who study textbooks allude to the key role in teaching amaglearn
that textbooks play, and this extends to the inclusion of sociological issues such as gender and
class(Apple, 1986 Dowling, 2003 and cultural valuegLeung, Graf, & Lopez®Real, 2008,

andtheir effects.

1.3.2.2 Content Analysis and Comparison

Here again, the 1995 TI MS Snatonaustuy of extbmoks d e s t
carried out to dat eodo widypageinventory bf thd mahenfiaics d et a
and science content, pedagogy, and other characteristics collected from hundreds of
textbooks i n oWawverdefebatl., 2002, backucoyeThareehaddeen earlier

studies on content analyqifor example,Dormolen, 1986 Flanders, 1987Freeman et al.,

1983, however, many of these studies would be recorded later after theSTsM8y(for
exampleReys, 1996Stylianides, 200,/2009 Vincent & Stacey, 2008

There are many more studies on crnasonal textbook comparison. For example, the study
of textbooks and teachers in England, France and Germany conductedrbgiriteaggarty
(Haggarty & Pepin, 20Q2Pepin, 2011 Pepin & Haggarty, 200); between France and
Norway (Pepin, Gueudet, & Trouche, 2033&hu and Fan2006 looked at textbooks for
Mainland China and the US; Zhongjundateam compared textbooks for China and Australia
(Zhongjun, Tiong, & Bishop, 20Q06Charalambous and team for Cyprus, Ireland and Taiwan



(Charalambous, Daney, Hsu, & Mesa, 20)0and, Hong and Ch@R014) for Korea and the
US; Brealell did an analysis of textbooks in England and WéBgsakell, 200); and Mayer
and team compared problem solving in textbooks in Japan andrtited Stateg§Mayer,
Sims, & Tajika, 199§ just to mention a few.

1.3.2.3 Textbook Use

As Fan et al(2013 point out, research on textbook use accounts for only 25% of all research
between 1980 and 2012. Attention here is on how teachers and learnésgtinseks for
teaching and learning. Freeman & PoitE989 begin to dispute a popular notion then that
teachers strictly teach to the textbook. Stodolgk§89 supports Freeman and Portenen

she concludes that in thestudy of four elementary teachers, they find no evidence that the
teachers are strictly followinthe textbookn their teaching

It is around this time that th8tandards(National Council of Teachers of Mathematics

[NCTM], 1989 werepublished in the United States andugdwhat Remillard and team call

an fdnexplosion of c ur r i(Remilawdnet atl, 2008, |p.oypwmiehn t pro
resultednthepoducti on of fdAnewly de(Ramdlarde2005cpu2)T i cul u
and a bost to research on how teachersdibesestandardsbased curriculum materials, and

whether and how these materials influehotassroom pra@es and teaching in general.

Earlier studies on thstandardsbased curriculum materials focused on whethenthterials

worked and foundt hese new curricula as effective a
procedural fluency but more effective with e
problemsolving.

However, recent s t u d xamising Wizethey thessd durficula wilorktoo ¢ u s
exploringhowt h ey mi g(@haralambauk & Hill, 2012, p. 418 Studies by Taret

al.(2006 2008 for example, shoed that instructioal quality in the classroom didot

improve just by inserting thetandardsbased curricula, but wadependent on how the
curriculawasenacted, thus reflecting a shift to a moratienal view of textbook uséviore

detailed studies on curricula use and the influence teachers have on the effectiveness of
curricular resources will be elaborated on in the next chapter, as this isihefithe current

study.

The present study falls within the studiestextbook usén which textbook use is viewed as
relational. The study could have opted to focus on either one of the categories mentioned
above, but chooses the category tektbook 8e because it seeks to understand the
relationship between teachers and their textbooks; it seeks to understand how teachers use
their textbooks in practice and why they do what they do.

1.3.3 Research on Textbooks in South Africa

Out of South Africa itse f I have found five studies on t
I nitiati ve (TRgop &rVinjevdldP E9B9) which discussed research on the
avalability and use of textbooks in primary schools in general and not particularly on
mathematics textbooks. The study reports that the textbooks were available even though the
guantities were not sufficient for all learners, but they were not used iensatst ways.



Moreover, teachers were reluctant to use them in their classrooms for various reasons
including lack of content knowledge; poor quality and inappropriateness of the textbooks
according to the teachers; and, some disparaging remarks abengflseting teachers not
using f-pat ke l8a9,ipacliyo

Adler and team(Adler, Dickson, Mofolo, & Sethole, 200had some issues with the PEI

report and felt that the PEIrtded to overgeneralise on some aspects pertaining to the use of
textbooks in the schools. They hence engaged in a focussed study on the availability and use
of textbooks and other written materials in Grades 7 and 9, and concluded through classroom
observéions, teacher and learner interviews, and other instruments, that contrary to the
findings of the PEI report, textbooks were positively valued as classroom resources by both
teachers and | earners, and extensively used

Following an the study above, is one by Ensor and téansor et al., 2002vhich explored

the impact of a textbooklaths for all,in primary schools. Using a sociological perspective,

the study went further than Adl| ertdbothlitsy char
mathematics content and pedagogic approach. They undertook a content analysis of some
aspects of the textbook together with an analysis of how teachers were using the textbook in
their classrooms, including the impact of the textbook on éaachievement. Some key

findings from this study include the following:

i) The textbook worked largelynductively t hat i s, Ai ntroduces .
students in a range of activities that can be regarded as instances of the concepts which
studentsar e t o (Ensarset ag,r2@02, p. 23which then leads to definitions and
then practice exercises.

i) The textbook projected an dideal classroo
mathematical tasks together for puspe of instruction, and through the guidance it
provided to teachers through the teachersbo

i) However, resear cher s f oun deduttiiéa(p.23)mstyls of t e ac |
teaching, as opposed to t heleteahetslioousskd s i n
primarily on teaching procedures, giving examples and then practice exercises to
|l earner s, thus subjecting the textbook to

upond (p.28).
iv) With respect to the impact of the textbooko| ear ner sé perfor mance,
not make hard claims as the achievenoémearners with a textbook was also very low.

Followingon Fanetad s cat egori sation of international
concerned with use,laitindi f f er ent awady sEn sAadrl éesr 6sst udi es bo
windows into what teachers do with the textbook in thestlzom Ensor et alinclude

analysis of the content and approach in the textbook, with more emphasis on the pedagogical
approach. ler esti ngl vy, there are no apparent stud
Africa following on from these two studies.

Two studies which come some ten years later, look at different aspects of the textbook. The
next study is by Fleisch and tedfFeisch, Taylor, Herholdt, & Sapire, 20) and compares

the learning gains of primary school learners using a conventional textbook against those
using a customised workbook, thus backgrounding the content and approaches in these



resources, focusing iredd on their learning effect3he ran@mised control trial study
(McMillan & Schumacher, 20)0was undertaken inesponse to a new policy on learning
resources which saw the Department of Basic Education (DBE) beginning to supply learners
in Grades 1 to 9 in public schools with workbooks in numeracy/mathematics, and other
selected subjects, in 2011. They found tihat customised workbook showed no advantage
over a conventional textbook, and yess more expensive than the conventional textbook,
thus questioning this move that seems more costly and yet not better thamashit
existence already.

The last study is. doctoral project by Bowi€2013 and is a comparison of how geometry is
constituted in the national curriculum statement and in two popular textbook. s8he
shows through analysis of the curriculum in the first instance that there are inherent tensions
in curriculum prescriptions, and then traces how interpretation across two different textbooks
impacts on theconstitution of geometry in eacl\ particdar tension is around inductive
pedagogies, and the deductive nature of much of matherhadicd so confusing messages

being conveyed. She also shows how incorpol
school curriculum which do not fit easily withehmathematical ideas, creates tensions in the
geometry produced in the textbooks; At he ar
(p.3).

Five research studies on textbooks from South Africa is a relatively small number
considering how importantly th&extbook is regarded in South Africa as a resource in
teaching and learning. All the researchers mentioned in this section confirm the high regard
for textbooks in their studies: The PEI report states that

all indications are that the availability of §afent textbooks and stationery is one of the

most important factors in improving learning. It is imperative therefore, that provincial
deficits be eliminated and the balance between salary and the other costs be restored so as
to free up funds for the pvision of books and statione(yaylor & Vinjevold, 1999, p.

184)

The authors further recommend that teachers should be assisteiddrthe textbooks or a
systematic learning programme througladher development programméswus, it is not

only about the availability of the textbook, but also about teachers knowing what to do with
them.

The realisati on o ffreetupfeandsfd provisienpfobooks) appenedsim t o
2011 with the allocation of a large budget for the supply of customised workbooks for

| earner s in all el even | anguages due to 0
recognising the centrality of learnisgu ppor t mat er i al s(Fleisthetdh,e | ear
2011, p.488and al so that A[G]iven the scale and ¢
wor kbooks is clearly central to the South Af

outcomeso(ibid).

Adler and team write thha ]ifi Grade 9 where textbooks are not available, learners are
actively deni ed @@Adea etals 2001pop. 52 Bdawle £013 asi aready
mentioned, considers textbooks as key artefacisr t he t eacher and wr it e



guestions for me became how this mathematics came to be constituted in two key artefacts
that teachers would need to wWaDi3kp. JvAdintilar t he ¢
sentiment is echoed by the team led by Ensor about the assumptions of their study:

textbooks potentially impact on learning and therefore learner performamee ways:
indirectly, by influencing teachers and their teaching styles and thereby affecting learning
outcomes, and directly, by influencing learning through giving learners access to
textbooks(Ensor et al., 2002, p. 22

Whatis also seen across these studies is how the particular problem in focus foregrounds and
backgrounds various elements of the textbook. With focus on use and then learning gains in
the first four studies discussed, analysis of the actual content and dtdaaffes and
constraints is backgrounded. BowR013, in contrast, brings this latter into focus in her
study, but then backgrounds use. As | argue iapBdr 2, textbook use is relational, requiring

a study to bring both the content of the textb@idt eacher sé6 use of this
Hence my study, underpinned as it is by a relational view, and building from these studies,
particularly Ensor eal. (2002, is a welcome addition and extension to this small and yet
critical field of research on textbooks in South Africa.

1.4  Research Questions and Outhe of Chapters

As | have indicated in my opening tale of two teachers using their texdbimokheir
classrooms, my objective is to understand better the relationship between the teacher and her
textbook. From the narration of the status of research xtbaeks, there isa dearth of

research on textbook ugeove & Pimm, 1998 While over the past decade or so the
situation has changed and this part of textboskeear ch has fAgr(blaysh t r e me
Remillard, & HerbelEisenmann, 20Q9there is still a long way to go in order to understand

the teachetextbook relationship. Remillar2005 points out that this body of research
Arests on underdevel oped theoretical ground
and conceptual bagRemillard, 200%9. This is evidenced by the fact that, the compilation of
research studies on teachersdé us(@09prharke urri c
the first book of its kind since 1990. It is hence my wish to make a contribution to the growth

of the research on teacHextbook relationships.

1.4.1 Research Questions

The objective of the study is to investigate the relationship between the afforddndes

Gibson, 197Y of a textbook, that is, those features which afford ac her sd pr act i c¢
pedagogical design capacity (PDC), defined by Br¢2d02 2009as t he teacher so
to perceive and mobilise existing resources in order to craft classroom episodes; and their
mediation ofthe object of learningMarton, Runesson, & Tsui, 2004 ef er ri ng t o t h
which learners have to learn, in the mathematicsicdasn.

In order to achieve this, the main question is broken down into four critical questions as
follows:

a What are the affordances of the prescribed

10



b) How do teachers mobilise the affordances of the prescribdubtek®

c) To what extent are teachers aware of the affordances and constraints of the textbook in
their practice?

d What is the relationship between the affor
pedagogical design capacity ? And how might bieiexplained?

1.4.2 Outline of Chapters

The study is divided into nine (9) chapters as outlined and described below:

1.4.2.1 Chapter 17 Introduction to Study

Chapter 1 introduces the study and its rationale, touching on the importance of the textbook
tothe mathematics teacherds practice, and the
useful resources for the promotion of quality education. The chapter highlights the status of
research on textbooks in general on the international arena, before gdonoim available

textbook research in South Africa, and the implications for strengthening the teacher
textbook relationships.

1.4.2.2 Chapter 271 Literature Review

Chapter 2 outlines available research on the tedel#yook relationship and what this
research helps us to understand about this relationship. | expand on key constructs in the
study:

a) conceptions of OG6usebd

b) conceptualisations of teaching as a design process

c) conceptions of curricular materials

d) affordances

e) Pedagogical Designdpacity (PDC)

Research on the different constructs mentioned above informs and shapes the understanding
of the teachetextbook relationship that this study seeks.

1.4.2.3 Chapter 37 The Theoretical Grounding

In chapter 3, the teach&xtbook interacon i s t heorised: firstly a:
(1978 sociccultural theory, wherein all humans are inherentlyiadeeings and grow from

and through the use of tools. Secondly, the teaextibook interaction is characterised as a

dynamic interrelationship in which the teacher and the textbook, each shapes the other and
together they shape instructional outconi®tein & Kim, 2009, through their respective

features or resources.

Hence in this chater, conceptual tools for analysing the prescribed textbook for its
affordances; for determining teacher features for mobilising the textbook affordances; and,
for characterising teachersé PDC, are develo
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1.4.2.4 Chapter 41 Research Design and Metbdology

Chapter 4 narrates the design of the study to include issues pertaining to sampling of
participants; data collection instruments; ethical considerations; and, the actual data
collection process. Data collection for the study began in the wakenedvecurriculum in

South Africa and subsequently new textbooks to be effected at Grade 10 in the following
year. During this period there were uncertainties about whether current textbooks would still
be part of the recommended prescribed textbooks favossHor the following year, and
these had to be filtered into the plan for data collection and subsequent analysis of the
textbook.

1.4.2.5 Chapter 51 Determining the Affordances of the Prescribed Textbook

In order to determine how teachers used thextbiooks in practice, the analysis of the

textbook itself had to be wundertaken to det
Thus, this chapter constitutes the analysis
practice

1.4.2.6 Chapter6i Teacher sé6 Mobilisation of the Textb:

In this chapter, the three lessons for teacher Al are used to exemplify the process of analysis
of the lessons. The lessons aralysedor how teacher appropriates the affordances of the
textbook determined in the analysis of the textbook in chapter 5, thereby helping with
developing analytical tools for investigating how teachers mobilise the textbook.

1427 Chapter7iTeacher sé Pedagogi cal Design Capaci

Using the analytical tools develep in chapter 6, in chapter 7 the rest of the seventeen
lessons for the remaining six teachers amalysedfor how teachers mobilise the textbook.
Conclusions about teachersdé PDC, and theref
and the textbookra drawn.

1.428 Chapter8i Teachersé6 Awareness of Textbook Aff

Chapter 8 explores teachersd views about te
teacher, thus helping with the triangulation of results from chapter 7 as well asinfdim

study about how aware of the affordances of the prescribed textbook tateaéhe pr act i c e
teachers areFrom the results of chapter 7 and the present chapter, the study draws
conclusions about teacher s b6ncesapdahen, toynobilise f i r s
these affordances: the teachersdé6 capacity fo

1.4.2.9 Chapter 97 Conclusions and Recommendations

| use chapter 9 to reflect on the PhD journey as a whole; discussing both the findings of the
studyamd their 1 mplications; and also the study
make recommendations for further research and to different stakeholders on the use of
textbooks for the teaching and learning of mathematics.
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1.5 Conclusion

In this first chapter of the study, | have shown how key textbooks are to the teaching and
learning of mathematics, and how highly regarded they are internationally and in South
Africa in particular. | have also shown that while there is an impressive growdsearch

on textbooks, there is very little research on textbooks coming out of South Africa itself; and
most importantly, there is still a long way to go for research that involves the teacher
textbook relationship generally, in order for us to understhisdrelationship and how it can

be strengthened. It is my wish that this study should make both theoretical and empirical
contributions to the field of research on the teatbetbook relationship; and provide part of

the solutions being sought for tdevelopment of quality education in mathematics in South
Africa.
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CHAPTER 2
Literature Review

Just as modern music has come to rely on sheet music as a representational medium for
conveying musical concepts, f or mscomedond practi
rely on curriculum materials as tools to convey and reproduce curricular concepts, forms,

and practices. Musicians interpret musical notations in order to bring the intended song to

life; similarly, teachers interpret the various words and remtasions in curriculum

materials to enact curriculum. In both cases, no two renditions of practice are exactly

alike (Brown, 2009, p. 1)/

2.1 Introduction

In chapter 1, s howed t hat this study falls under t
which investigates how teachers use theirbtesks and how the use shapgeaching. As

previously mentioned, most of the studiesedthe fistandard-based curriculum materials

which may not be the same as the textbook in their construction. However both the
curriculum materials and the textbook serve the same purpose of being used by teachers in

the teaching of mathematics in their classrooms. Moreover, while it is appreciated tha
learners also use textbooks and can use the textbook without the teacher, and that the end
result of the teachdext interactions is the enactment in the classroom, learners are out of

view in this study and therefore reference is made to the oppatufor mediation in the

classroom and not to the actual mediation of the object of learning.

The studies in the curriculum/textbook use category frame use as relational, that is, teachers
and textbooks when they interact form a relationship which Rethi(2005 set out to
investigate in her synthesis of over 25 years of research on curriculum use @miathb.

For consistency, the relationship between teacher and curricular materials shall be referred to
as the teachdext relationship throughout the study, and shall include textbooks and all types
of curriculum materiafs

In this chapter, the facterinfluencing the use of curricular materials are reviewed as a
prelude to the investigation of the teactestt relationship in the study. The chapter begins

wi t h conceptualisations of use from which
teachersand the teachingurriculum relationship implicit in these conceptualizations, as

wel | as their under |[(Remiltagd, 2006, 0203an becidehtified. n f | u e
Remillard (ibid) posits that while the conc

and were not always mutually exclusive, each could be associatedawarticular

theoretical or epistemological perspective on human activity, material use, or meaning
makihmo 215) . The f our c o rolowipgousubbverttghe i ons i
t ext ; diawisgeoht haes t e x tinterprétatieneofih ea st e x t ; and final
participation withthe text. | discuss each one in turn.

® Remillard uses 6curriculum material sé, curricul un
resources designed for use by teachers and students during iost{@&gtmillard, 2005, p. 213 We adopt the
same definition throughout the study fmmsistency
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22 O6Used6 and its Conceptualisation

Curriculum 6used is defined as Ahow individal
are influenced by material resourck® si gned t o dRemilasd, 2006, 9.t202uct i on
and is differentiated fma 6 i mpl ement 6 because I mpl ementing

considering the activity of the teacher and
(Lloyd et al., 2009, p.)7 The four major conceptions of c

but not al |l research on textbook wusescan b
following or subverting he t e x drawingons 6 & & & x interprétaliian efthe a s
text ; and fparticipdtidn yiththetexgRedilla@l,s200% A summary of each
conceptualisation of Oused is provided bel ow
221 6Useb6 as following or subverting the t

Studies in this categorplace emphasis on fidelity to the text, regarding tleattas the

primary tool for structuring learning opportunities for learners, and viewgaghers as

enactors of planned curriculuiffior example Chval, Chavez, Rey & Tarr, 2009 Freeman

& Porter, 1989 Stodolsky, 198% As McCl ain et al . poi nt ou
implementation gives authoritjor both the mathematics that is to be taught and the
sequencing and presentation of that content to the text, and places strict adherence to it as the
goal of (Mc@lan¢zhaonVisiwovska, & Bowen, 2009, p.)56

However, while most of the studies are concerned with the extent of use of the text by
teaches, thus relegating teacher decisimiaking to just following scripted procedures

(McClain et al., 2009 Chval et al.(2009 offer a different focus on fidelity which they call

textbook integrityto measure the extent to which the teacher draws from the textbook as a
Oprimary guideé for planning and enacting t|
of using, rather than {Renillad 000 g, a curricul u

In this stance, teachers are viewed as mere conduits of curricular materials and the teacher
text relationship is one that gives agency to thebtmok.

222 6Used as drawing on the text

The emphasis here is on the agefigClain et al., 200Pof theteacher, where the teacher is
viewed as having authority over the sequencing and presentation of content; and texts are
viewed as just one of the many resources that teachers use in constructing the enacted
curriculum. However, the textbook does not shape a ¢ h e r @fer exanopte Freemany

& Porter, 1989 Sosniak & Stodolsky, 1993and sodistinct fromthe process of usinghe
textbookasaé pr i maady gui de

In this stance, while teacher is viewed as a designer of curriculum and not just a user, fidelity
to the text is still possible.
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2.2.3 60 U s sibtermetation of text

In this stance the teacher is framed as an interpreter of the written curriculum such that
fidelity then cannot be considered an optio
guide their experience of the curriculum. Heeadhers are viewed as creating their own
meaning and therefore interpreting the intentions of the authors. Examples of studies here
include BenPeretz(1990 and Chavez2003. This perspective is different from the two

already outlined aberethe relationshipgorged betweeneachers and curriculanaterials

togeher with their effect in the classroom, are explored.

224 606Used as participation with the text

This view seems a Al ess common perspective
curri cul urRemlard, e00b, .l2910Researchers here seek to understand how
teachers interact and use their curriculumaterials, and rega use as acollaboration

bet ween the materials and teachers. Whi | e
teacher is regarded as a sole meaning maker, in this stance the teacher and the textbook
become collaborators in the design of the enactedculum. The relationship between
teacher and textbook is O6éparticipatoryod, me
regarded as active participants and each bring own resources in the interactions, engaging in a
Adynami c i nt einvohees mitidipationsoh thepparts bfdoth the teacher and the

t e x(Remillard, D05, p. 22); and as Stein and Kinf2009 assert, in this dynamic
interrelationshipn e ach partici pant (teacher and text)
instructiono (p. 39).

Understanding the teachixt relationship entailanalygs of i ndi vi dual t eac
features of the curriculum, and the interactions that occur eeetvthem. Furthermore,

curricular materials in this stance are viewed as artefacts or ((dpiptsky, 1978, and

products ofsociacultural evolution(Wertsch, 1998 Remillard asserts that it is the studies
which view Oused as participation with tex
collaborate with curricular resources, that bring the teaextrelationship to the forefront.

The present study hence aligns itself with t
t e x It i the view of this study that the interaction between the teacher and her textbook
involves and should invol ve ween theseotwovpartiesat i o n

(teacher and textbook), as the two are influential in how the curriculum is eventually enacted.
Chapter 1 bthis studyshowed that thestudies on textbook use in South Afriage not
underpinned by a relationalew of textbook uselt is the goal ofthis studyto bring to the
forefront, both the features of the textbook and how teachers interact with them.

A relational view, of course then requires consideration of what each of the texts and the
teachers bring to the interactidn. the next section, the study explores the resources which
the textbook brings into the teackext interactions.
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2.3  What the Textbook brings to the TeachefText Interactions

2.3.1 The Notion of Affordances

The notion ofaffordancesvas coined by conptual psychologist James Gibs@h J. Gibson,

1979, to describe how the envir on affordancesff f or ds
the environment are whataffersthe animal, what iprovidesor furnishes,either or good or

i I o (Anaffodd@n@e) this seems to imply, is a resource that the environment offers

any animal that has the capabilities to perceive and use it. As such, affordances are
meaningful to animals: they provide opportunior particular kinds of behaviour. Thus,
affordances are properties of the environment but taken relative to an &@ihsahero,

2003, p. 1

The Gibsonian notion of affordance has found its way inferént fields which have
transformed it and given it different interpretations and definitions according to the needs of
each individual field. Chemer@003 points to three different theories of affordances as: one

that views affordances as relations between the environment and affionaéscample,

Chemero, 2003Heft, 1989 2001 Stoffregen, 2003Turvey, 1992. However, one popular

definition of affordance isme used in the field of Huma@omputer Interaction (HCI) which

was introduced by Normaf1988 in the context of designihi s book @AThe Psyc
Everyday Things (POET)Oo. I'n this book Nor man

the perceived and actual properties of the thing, primarily those fundamental properties
that determine just how thbking could possibly be used.¢ ]|  Adndeoprodide strong
clues to the operations of things. Plates are for pushing. Knobs are for turningarélots
for inserting things intoBalls are for throwing or bouncingVhen affordances are taken
advantage of, the user knows what to do just bkilm: no picture, label, or instruction
neededNorman, 1988, p.)9

While the field would be grateful to Mman for the introduction of the term, this came with
confusion and misunderstanding, as Toreny#603 posits:

It sprang up everywhere, moving from dusty journals to magazines and newspapers, and
from there to the conceptual prime time of your local Starbucks. Somewhere on the way
from academia to Starbucks, however, something happened. The meaning of affordance
became distorted and confused. At first it was subtle, but by now its meaning has
bifurcatedwildly (Torenvliet, 2003, pp. }23)

Norman accepted the blame for the confusion but also clarified that

the concept (of affordance) has caught on, but not always with conuplgéestanding.
My fault: | was really talking about perceived affordances, which are not at all the same

as real ones. POET was about fdAperceived affor
what actions the user perceives to be possible than what ifNorean, 1999, p. 39
However, the definition had O6gone viheal 6 a

Normanian defition being the most populdfor the present study, it is partant to note the
differencebetween the Gibsonian and Normanian definitions according to McGrenere and

Ho (2000, who point out that the Gibsoniamf f or dance points to dal
availablen t he environment to an individual, i n
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perceive this possibilityo(p. 1); while for
together with the way the action possibility is made visible to the @dtoman, 1988

In other words, for Norman, affordances need to be perceived before they are of any use to

the user. Thus, Norman focessmore on the usability than the usefulr®&sGrenere & Ho,

2000 of an affordanceMor eover , Nor man referring to Gibs
me nt i o n sthe tphysical ohjeéts conveyed important information about how people

could interact with thema property heam me d i a ©.fNormanh,a. 988, e. 28

For the present study, making the design rationale of the asiXtwdrihe textbook visible to

the teacher is important in perceiving the affordances of the tex{Batk& Cohen, 1996

Davis & Krajcik, 2005 Stein & Kim, 2009. | certainly agree with Norman that unperceived
affordances of the textbook are useless for the teacher: for the teacher to be able to utilise the
affordances, they have to be able to firstly perceive them.

A further important aspect that Norn{&899 incorporates is the mion of cultural
constraintsor conventions which he terms as a powerful design tool. As he stipulates

Aé. cultur al constraints are conventions sha
constraint in that it prohibits some activities and encourages cifi@orman, 1999, p. 40

Thus, it is not enough to talk about affordances alone because thisrovilyeg a partial
picture t hat Afoverl ooks a countervailing,
mediational means namely, they can constrain or limit the forms of action we
unde r(Weantscte @998, p. 39Wertsch describes authorhavapproach mediation from

how it empowers wuser$ubbowpekspgcft-&mpnt yadv fiihle
perspective focuses on the constraints that mediation imposes, meaning that constraints
should not be consi der ebdinterprdted in &eams of howdheya n c e s
define the nature of the task and how they provide clear boundaries that define
act i(Brown, a9, p. 20

In mathematics educatiagesearch, the concept affordancesandconstraintshas been used

in studies which explore the relationship between teachers and curricular resources that they
use (Brown, 2002 Gueudet, Pepin, & Trouche, 2Q13tein & Kim, 2009. However, in

many instances, the teradfordancesis used loosely, and perhaps Bsrenvleit (2003

asserts, has lost its meaning, becoming a common sense notion rather than a technical term
systematically employed in the field. As example, and for the fact that this particular book
hasbeen published quite recently, my search for the usdf@fdancesand/orconstraintsin
Gueudet et al . 0s book on mat hemati cs curri
(Gueudet et al., 20)2cane up with ten (10) uses @fffordances,about five (5) uses of
affordances and constraintand some over twenty five (25) usescohstraints.While the

authors of the book define the affordances of a resouriietab ebutestandrcharacteristics

of theresource which provide potential for its use with peers/colleagues and students/pupils

i n the cour s e (Gududetetah, QOL2, p. 858he otioer duthors do not define

what they mean by affordances. This is the same with constraints:rithis tesed to refao
hindrances in a colloquial way, and thus agpenmultiple interpretations, for example, time
constraints.
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My point here is thaan affordanceof a curricular resource is an important construct in the
teacheitext relationship, withheoretical origins from Gibsofi977), and therefore needs to

be recognised as such in order to address part of the theoretical grounding which Remillard
(2005 2009 bemoans a lack of for this particular field. In this study, the affordances of the
textbook are used as a construct as intended bgoGibndexpanded on by Normaithey

shall be used to define both the existing af
practice,and what teachers actually perceive as affordances of the textbook in their practice
Potential constraints asinbdthoundari es that the resource me
shall also be investigated; and as potential hindrancketoe ac her sdé pr act i ce
next section explores the affordances and coc
pradice.

2.3.2 The Affordances of Curricular Resources

Remillard (2012 claims that curriculum materials position teachers in particular ways as
readers of the materials through theipdesof address These modes are reflected and
reinforced through thefiorms of addresghat is,

the physical, visual, and ssfantive forms it takes up, the nature and presentation of its
contents, the means through which it addresses teachers. The form of address is what
teachers actually see, examine, and interact with when using a curriculum resource
(p.108)

She identifiesif’e such forms of address, as tteucture,the look, the voice the medium

and thegenre The structurerefers to what is contained and hakis is packaged in the
resource, and is undoubtedly a major affordance of any curriculum resource for the t@ache
practice. Due to the centrality of the mat
structureis reviewed in more detail in the next section. Tdok is about the visual aspects of

the resource; for example, whether the paper used in the poydiscglossy or whether the
photographs are black and white and so forth.

Thevoiceof the resource addresses how the resource communicates to the teacher, and what
it communicates abouiHerbelEisenmann, 20Q7Love & Pimm, 1996 Remillard, 2012
Remillard et al., 2011 whether it is talkinghrough (Remillard, 2009 the teacher when for
example, the resource gives guidance to the teacher through teacher guides; otottieing
teacher, when communicating to teachersulzentral ideas in the texim & Remillard

(201]) also identify the voice of the text as key to how teachers are positioned in relation to
the materials. Some of the ways that resources can talk to the teachers offBeadsbgnd

Krajcik (2005 include: to

a) make the developers' design decisions visible, b) help the teacher anticipate and
interpret what learners may think or do, c) support teachers in learning more about the
content, or d) suppothe teacher in making decisions while enacting the curric(he®
Remillard et al., 2011, p,)3

The mediumis whether the resource is print or/and digital: and gémrepertains to the type
of material in the larger classificationtroaterials, for example, whether it is a textbook in a
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traditional sense, or a curriculum material. Remillg2612 claims that the genre of the
curriculum resour ce t (Ongsgtade2006from thedteachere of expe

The notion of the for ms o0(fl986Guked ofermtbematisal c ogni
textbooks which he suggests should be regarded inavgw as fobjectively
of informationd and as a fAsubjective schemeo

something additional happens upon reading and interpreting texts, especially in
mathematical textbooks. Reading is not automatized like breathing, walking, or seeing.
Hence the problem of the interaction between text as a subjective scheme and text as an
objectively given structure of information stands as a permanent problem not to be solved
once and for al{Otte, 1986, p. 1795

The objectively given structure of informat.|
such materialso (Love & Pimm, 1996, p. 379)
the materials are perceived and ustisod. From the five forms of address above, the
structure thelook, thevoiceand themediumspeak to the textbook as an objectively given
structure; it is what teachers see when they interact with the textbook. The fifth form of
address, th@enre onthe other hand, is more about what teachers expect of a curricular
resource, that is, their perceptions, than what they see. Of the five modes of address, the study
chooses to focus only on tletructure of the textbook, mainly due to its centrality to the
mathematical content and how it is organised.

2.3.2.1 The Structure of Curriculum Resources

There are variations in the literature in how the structure of a textbook is constituted. For

exampl e, R6e1d icomipasitiod @fsthe structure of a curricoiuresource is a
description ofit h e n at uization afrthé coatengdd the curriculum, the particular
mat hemati cal concepts and goal s, and the unc¢

its analysis is usually about

how the various components are organized, the mathematics content incledelided
through the representations, and the valence or emphasis of the content, including how
the content is representédemillard, 2012, p. 1)1

For Valverde et all2002, t he structur e an dhowtleyintorporae c har
content, performance expectations, and prese
54) . Performance expectations include action
performing routine procedures, while presentatiormats include how the mathematics is
conveyed, for example, through narratives, or exercise sets, or worked examples.

These authors also distinguish between two structural levels in textbooks as macrostructures
and microstructures:

There are differeras in sequence and complexity specific to particular parts of textbooks
designed for a small number of class periods. There are also structural features that cut
across the entire book. These more pervasive features represent an important aspect of
textbodks that seems likely to influence the learning opportunities the textbooks are
intended to promote throughout an entire school year. We will term these more pervasive
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features Omacrod6 structures. Thi s i i n conti
lessons intended for use in a small number of classroom instructional sessions that we
term 6dmicrob6 structures. (p.21)

They also point out that it is from the macro structures that the vision of mathematics for a
particular textbook is built, while theicro structures embody pedagogical intentions for a
single lesson.

Brown(20096sees 6 the content and structure in th
physical objects andepresentations of physical objects, (b) representations of tasks

(procedures), and (c) represent d20090m2p o f Co
usi mgprésentationsd to include physical obj e

not supplied with the resource; or recommendations for structuring a lesson, and particular
sequencing of concepts. For Pepin and Hagd2@91), textbooks influence the questions,

issues and topics covered and discussed in classrooms, and therefore they naedlysdx:

in terms of their content and structure, not leaving out thee in classrooms by teachers and
learners. They point out four main areas according to which textbooks havanadgsedn

terms of their cthenatematica intehtioastoftaxtbdoks;rpedagagical i
intentions of textbooks; socmjical contexts of textbooks; and the cultural traditions
represented in textbooks.o (p.160). The mat
represented in textbooks, the implicit beliefs about the nature of mathematics, as well as the
presentation ofmathematical knowledge.

Other facets of structure include tipedagogical orientatiorof the textbook to refer to
Apedagogi cal practices consistentChwalietah, t hose
2009, p. 7§ instructional taskgor learners which Stein & KinfR009 show that they can be

of high cognitive demand which requires greater capacity from the teacher as theyeare m
intellectually and coceptually challenging, thalow-demand tasks. Kim & Remillar@011)

on the other hand summarise the mathematical and pedagogical demands that a curriculum
places on the teacher as:

a) the mathematal emphasis, or focus; b) the cognitive demand of the central tasks of
the lesson, c¢) the primary instructional representations used to communicate mathematical

i deas, and d) the instructional approach, whi
throughout the lesson, the role of the text, and expectations of how learning takes place
(p-3)

These dimensions show that the structure of a curriculum is highly influential in how the
teacher interacts with the curriculum, and even determines the kintedaheoteacher plays.

For example, Kim & Remillard201) f i nd t hat the teacherds rol
mainly of high demand tasks, is more of a facilitator or an orchestrator, than one of telling,
showing, directingr guiding learners.

Ensor et al(2002 bring in a different angle to the structure of the textbook that specifically
comments about the approach of the textbook.
school mathematics textbook constitugéeparticular prioritising of mathematics content and

the ways i n which this content s (pQ2),Ithey be s e
stipulate that
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Two dominant pedagogic approaches are discernible in mathematics textbooks and in
mathematics essrooms today that are of interest to us here. The first approach is
deductive Here, the teacher (or textbook) initially states appropriate definitions or
concepts, which are then exemplified and followed by exercises for students to practice.
€ The ¢ pedagogic approach by contrast is largefjuctive Rather than starting

with definitions, the teacher (or textbook) introduces a topic by engaging students in a
range of activities that can be regarded as instances of the concepts which students are to
master. Activities lead to definitions and from this point opportunities may be provided
for students to practice. Framing relations are relatively w@aisor et al., 2002, pp. 22

23

Ensor et al. thus distinguish betwesvo pedagogic approachesa mathematics textbook;
one in which concepts are initially stated to learners and then exemplified; and one in which
learners initially engage with concepts.

This section on the structure of the textbook shows that thgsamalf a textbook entails

analysing its structure; the structure illuminates tim&thematical contentas well as the
pedagogical approacho the teaching and learning of the content privileged in the textbook.

For this study | concludthat the textbook f f or ds t he teachersd pract
content as well as the approach to the teaching and learning of this cdd&rde, inthe

analysis of the textboak forthcoming chapter hese affordances are illumined through the
delineation othe structure of the textbook.

2.4  What the Teacherbrings to the TeacherText Interactions

Studies in curriculum use have shown that teachers bring different feattinestéachetext
interactions. For exampler e s ear ¢ h s h o wubjedtntatert knowledgec heleis s 6

and goalsand their stance towards curricular materiBiown, 2009 Kim, 2007 Remillard

& Bryans, 2004 Schnepp, 20Q9Spillane, 1999 shape the enacted curriculum in the
classroom.Remillard and Bryans (2009 introduce the nbi on o f oriedationher s 0
towards the curriculunwhich theydescribe asia set of perspectives and digitons about
mathematics, teaching, learning, andrriculum that together infance how a teacher
engages and interacts with atpardar set of arriculum matealso (p. 364) The orientation

towards the curriculum plays a role in shaping the curriculum that is enacted in the classroom
as well.

McClain et al. (2009 includet eacher so i nstructdonelachemrns$
professional status in the features that influeteachers inthe teachetext interactions

Other features includeacheré human and social capitébtein & Kim, 2009 which focus

on the social relations dn net wor ks t hat influence teache
materials.They also look at ways in which institutional context play a part in the tesekter
relationship.

However,a critical question being posed liis study is how teachers draw fraurricular
materiab to design classroom episodes. This is discussed in the next section.
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2.4.1 How Teachers Draw from Curricular Resources for Classroom Enactment

Remillard (1999 developsarenas of curriculum developmeint Fig 2.1 belowwhich show

the activities teachers engage wéth they interact with curricular materialthere are three
arenas: thalesign arenan which teachers select and design tasks;ctivestruction arena
involving enactment of the tasks in the classroom as well as respondeayrers; and the
mapping area, where choices about the organisation and the content that go into the

classroom are mad®e mi | | ard shows t hat in these aren
tasks to select for the classroom, are influencei byhei r i deas abouyt math
and their learning, as well as by the teaching context and available resqpr&23)
- Curriculum Mapping ~
Orpantzation and content of the mathematics curriculum

Desien Arena ~—{ Construction Arena ===

Selecting and
g Enacting
designing > tishks ||1Fh
:R:&Il"lﬂntmn! the classroom
& LR
e J/
Fig2. 1 Remill ardés Arenas of @Remilard, d999, p.B82Devel opt

Sherin and Draké009 develop thecurriculum strategy framewonkhich consists of three
activities ofreading, evaluatingndadapting and three time periods bé&fore, duringand
after instruction.n this framework, the authors show that teachers have geperabahes
to adapting the curriculum which lie on a continuum as shown below

L'.;_Emlt Replace Create
gl

Fig 2.2 The curriculum adaptation spectrum (taken f(8herin & Drake, 209, p. 487%

According to Sherin and Drake (ibid), teachers eitimeit components of a lesspor replace
one component with anothesr completelycreate new componentsluring the adaptation
process.

Brown(2009ar gues that teachersé6 interactions wit
as wel with different (p ®4.9Heeagyges that teaghers e f ac
offload a large degree of agency for guiding instaurctio curriculum materials at one

extreme, whi¢ on the other improvisingtrategies of their own with minimal reliance on the
materials, thus shifting the agency to a larger part to the teacher. Teachers adapt when they
share equally the agency for ingttion with curriculum materials. This is where the notion

23



of t e peddyayica design capaci)PDC) is derived. This notion is discussed in the
next section.

The study is interested in how teachers use their textbook in ways that lead to productive
mediation of the object of learning in the classroom. Specifically, the study seeks to explore
the notion of teachersdé6 PDC and how it relat

242 Teachers6 Pedagogi cal Design Capacity

The notion eda@ogdgieaadlhed®&si gogn capacity (PDC),
perceive and mobilise existing resBowmces in
2002 2009 Brown & Edelson, 20083 or i gi nates from Brownéds as
curriculum resources as a process of design, arguing that in ondeedérstand how teachers

use curriculum materials to craft instruction, we must be

explicit about the representations curriculum materials use to communicate concepts and
actionséattentive t o t he ways i n whi ch t ea
represatations, and understanding how these representations can constrain and afford

teacher practic€009, p. 13

Thus, the processes of perception and mobilizatiorhately influenced by the available

personal and external resources. To be able to perceive classroom needs and oppartunities,
teacher would need to draw from their knowledge and to be able to generate and apply
appropriate responses to the curriculumdépendent on available personal and external
resources. Brown describat e acher 6s PDC as a particular d
to put various pieces into play, hence PDC i
but about their abily to accomplish new things with that knowledge (Ball & Cohen, 1999); it

i's about t he fAmanner and degree to which t
(Brown, 2009 p. 29. As Brown stipulates

To a certain extent, the elegance of a teache
remains that not all designs are equally effective at helping teachers reach their goals, not

all designs reflect the same respwngiess to the needs of a particular setting, not all

designs are purposeful, and not all designs embody the same degree of utility. PDC is not

simply an indicator of whether a teacher will be likely to design something for the
classroom; itis anindicatarf whet her the teacherés designs
(Brown, 2009, p. 3L

Consequently, teachers with different personal resources can share similarities iry the wa
they craft instruction; while teachers with seemingly similar personal resources may produce
quite different instructional episodes, because theybéxdifferent degrees of PDCIhe

degree of PDC being referred to here, hence implies that PDC is texaldlaus, teachers

can Apossess high | evel s(Brown, 2p08,¢.8Ytlayis, thasd de s i
who are able to @Adecons nirzeuwheit essential elements, andh ma t
reconstruct them i n dibid). &mimgomant ¢essothatthe hodonr o wn
of PDC brings to the study of resources is thately availing a teacher does not necessarily
meantheteacher is able to pezive and mobilise their affordances in ways that support their

goals. As Adlef2000 argues, availability does not imply use.
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Larson comments that PDC appears to be an overHngoked c
that i s not attended to duri ng (Uarsoa, 200np | e men't
concur with Larson. My review of literature on PDC produced only threeestugkiploring

the notion of t e a ¢ h(Beyes, 2009PBRVEr; & Davise 20%i2Daviss c i e n C ¢
Beyer, Forbes, & Stevens, 2Q0&xploring how to developDC for preservice teachers;

another in mathematiqim & Remillard, 2011 Remillard et al., 201)] seeking to study

and conceptualise PDC, and a doctoral study investigating how PDC helps elementary
mathematics dachers to design a context in which the National Council of Teachers of
Mathematics (NCTM) vision is put intpractice(Land, 201). Thus, this study should be a

welcome addition to studies that try to delineate the nature of the work that teachens do wit
curriculum material§Remillard, 200%.

This study investigates how teachers perceive the affordances of the textbook; how they
actually mobilise tase affordances; and how all these manifest in the classroom in an effort
to explore

how teachers develop pedagogical design capacity, the relationship between perception
and mobilization of pedagogical affordances, and the degree to which other personal
resources influence the emergence of RB@wn, 2009, p. 31

Choppin opins that the outcome of the develc
designlearned adaptabns (Choppin, 201fwhi ch requires teachers t
understanding of the design rationale and empirically developed knowledge of how that

rati onale plays utTeéaclhperashd i ¢evidtheoefp@dit of
an integral and critical part of their interactions with the textbook.

As mentioned in the introductory section in this chapter, the study has chosen to work with

the mathematics topic ofunctionsfor reasons which will be explained in the chapter on
Methodology, as the object of learning for the st(iarton et &, 2004. | recruit the notion

of O6object of | e aasmtheyfagegrouhd the impdvtancetobwhat it is thaa |

is to be learned in pedagogical encounters, and particularly school learningwiidtis

however, is not simply content per, daut also thecapability (Marton et al., 2004, p.)4

desired of the learner with respect to the content. Hence, the neahsegtewing pertinent

|l iterature on O6functionsd also focuses on it

The study recruits the notion of object of learning from Marton et al., but not the theory of
variation that informs their study of suchjetts. With my interest in text, | select instead to
focus on task$ for which there is extensive research, a review of which goes beyond the
scope of the study. A key text on tasks is Stein €2G00, which alerts to what we know
well, not all tasks make the same cognitive demand on learners, and provide arab/farto
distinguishing between low and high cognitive demand. They also praewidieteresting
account of how task demands are not simply given by the task, but are relative to learners on
the one hand and can be transformed in teaching from higher to dowehe reverse on the
other. The textbook used in this study prides itself with a large collection of exercises which
shall beanalysedor performance expectatistor the actions on tasks expected of learners.
The performance expectations should illnenthecapacitylearners are supposed to learn.
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In the next section of this chapter, which marks the end of the revieledture on
curriculum use, provide a review of the aspects of the teaching and learning of functions,
especially at school levathich are essential to the study.

2.5 Teaching and Learning Functions

The centrality of the concept of function to undergraduate mathematics, and therefore it being
foundational to modern mathematics and other related éCaalson, Oehrtman, & Engelke,

201Q Leinhardt, Zaslavsky, & Stein, 1990ehrtman, Carlson, & Thompson, 2008askis,
Lilledahl, & Gadowsky, 2008 is undisputed in research. While there are interesting
explorations being done on aspects of functions, of interest to this study@iaspects of
research on functions: i) issues related to the teaching and learning of functions at school
level; and, ii) ways of approaching the function concept.

2.5.1 The Learning of Functions at School Level

Leinhardt et al(1990 in their synthesis on research on the teaching and learning of functions
and graphs show that there are three perspectives from which the literature on these topics
may be considered, including: a consideratd tasks given to learners; the development of
understanding in learners; and, how functions and graphs are taught.

Among aspects to consider on the task given to learners, Leinhardt et al. mengoticine

of the | earner on ¢ studenttlearaskthe domairsthraughehig ordex vy 1
engagemen t(1990,np.5)t Mostkok tbese actions are either interpretation actions

where learners are expected to gaieaning, and/or construction actions such as plotting a

graph from a table of values. However, the actions can bepator global depending on

the features that are being attended to.

Even(199Q 1998 focuses on the issue of powise and global actions and points out that
because of the different uses of functions, it sometimes becomes necessary to deal with
functions poirwise, that is, doing actions that attend to points sucHadisng, or reading

off a value.On the other handyhen one needs to look at the behavior of functions, for
example in expressions of sketching graphs of functions, a more global approach needs to be
adopt ed. An i mportant p ch ané of thé atérnatizesveays ofma k e s
approaching functions is different from the others and neither one of them is appropriate for

al |l si (Evem 1990 m 534

Research alsshows that many learners are able to deal with functions-psetonly, and

are not able to work around functions globally. For example, M@8R4) in his study of

beginning calculus stlents who were given problems which testedrf a O Poi nt wi
understandinga n d OACtme®s understanding shows t hat
Pointwise questions correct when only 53% got the Aefas® questions correct, and
concludes from this study thadi Poi nt wi se understanding -of gr a
Time understanding, but the jump from the one to the other is a considerable one for

st u d(@994, 326). Monk goes further to show that
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at least in simple situations, students have a confident and secure Pointwise understanding
of function, but even at the end of the first of second quarter of calcwuitien we tend

to assume they have already acedithis abilityi they are still struggling to see
functions in an Acros3ime manner(p.21)

More recently, Rondé2009 a | s o f o u]nhsdemedh lagt step fér the majority of the

students working with the equation representation of function to move from individual point

i nterpretation to a (Roodae2008, @.l47 Ehisiclaim emergesr pr et
from a study in which Ronda develops a fram
understanding of functions in equation form; the results of which produced four growth
points as:

GP 1: Equations are formulas or procedures for generating values
GP 2: Equations are representations of relationships

GP 3: Equations represent properties of relationships

GP 4: Functions are objects that can be manipulated or transfobithd (i

Each growth point describes a partisustage of understanding tHatrners reach, which
provides teachers with fia structure for asse
t hat would facilitate st udféunctiosofibidat t ai nment o

These remarks hence suggest that the puise and global actions demand different kinds of
ofacilitydo f rwseseaninglyarmne easyrfor leamers ta deal with than global,
so that teachers need to attend to how sishtearners to move from the poimise to the
global and then flexibly between.

2.5.2 The Teaching of Functions at School &vel

The previous section highlights some of the important aspects which teachers have to be
aware of t hat i rapding of thé furectiom eoncepd Fou exdngple,sEven
(1990 suggests that teachers will not be able to help learners to flexibly make choices
between pointvise and global approaches if they cannavenflexibly between pointwise

and global actions themselves.

However, there are a few more aspects that address the teacher specifically with regards to
the teaching of functions, for example, issues pertaining to; a) entry to the typic; b
sequencing; cexplanations;d) example; and e) representatidii®inhardt et al., 1990

These researchers suggest that these are key issues in the teaching and learning of functions
which teachers shouldr i mar i |y focus on, where fAthe obj
later sequencing, in ways that enhance the early understanding and Ilimit the

mi sunderstandi ngs t(19ip.4fiay have devel opedo

Lloyd and Wilson (1998 contend b a t i t eanprahensigedand wedrganised
conceptions contribute to instruction characterised by emphases on conceptual connections,
power f ul representat i on(E98, pa2rf verss a teacheg Vit | di ¢
Il i mited views of function t hami slseeadd a pop ocar tAunn:
(1 bi d). They talk about teachers having a o6
the families of functions that are encountered at school; access to a wide range of examples
that also reflect problemtsations and shifitg representations.
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In the teaching of functions therefore, teachers should be able to sequence the content in ways
that enhance the understanding of the concept; and approach the teaching in ways that
provide acces to powerful representationsy otherwor d s , the teacher 6s
teaching of functions is critical in how learners eventually learn the topic.

2.5.3 Covariation, Variance and Invariance

Selden and Seldgd992 indicate that functions can be viewed in termaaifonor process
conceptions, or as objecBubinsky and Hare]1992 define the action and process views of
functions as follows:

About the action view, they write that

Such a conception of function would involve, for example, the ability to plug numbers
into an algebraiexpression and calculate. It is a static conception in that the subject will
tend to think about it one step at a time (e.g., one evaluation of an exprg&idansky

& Harel, 1992, p. 8b

And for theprocessview, that:

The subject is able to think about the transformation as a complete activity beginning
with objects of some kind, doing somigity to these objects, and obtaining new olsject
a result of what was done (ibid)

Carlson et al (2010 show t hat student s wi t h an actic
i mpoverishedd function view of fAweak wunder st
procedural. Students in this view rely solely on computational reas@amdgriew a formula
suchasQw cw pas set of instructions instead of
any input value of the function representeddjo an output value represented 163w 0

(p.116), which points to a process view of fuoiet Thus in the process view, learners have

moved froma procedural view of function to a mor ¢
imagine a continuum of input values in the domain of a function producing a continuum of

out put (bidal uesbo

The proces view of functionis thus essential for imagining c@rdescribing how two
guantitiescovary, that is covariational reasonii(@arlson, Jacobs, Coe, Larsen, & Hsu,

2002, which is crucial in further studies in courses such as calculus. Covariational reasoning

is descrile d thescogiiitive activities involved in coordinating two varying quantities while
attending to the ways i n whi (Chrlsanbtaly 2062hppange i
354). Researchers emphasise that covariation and not correspondence should be the way th

the function concept is introduced ttearners asc ovar i ati onhbak beeneasoni
documented to be essential for representing and interpreting the changing nature of quantities

in a wide array of function situations and for understanding major canaegieginning

c al c (Chrlsan ét al., 2010, 415.

In functions, two things are varying at the same time, that is, the input and the output and the
teaching of functions therefore has to reflect this variation and how to attend to it. Watson
and Masorn(2006 show that it is the variance and invariance tgiortunity for learning is
created.The authors show that an aspect (that is present) is more likely to be discerned if its
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variation is foregrounded against relative invariance of othertfei r e s 0 ; and the
asking the highly mathle mzthianaglesqgqaagdt whmtofstfe
examining the ature of the changes offered, oocan be precise about what an exercise
together with an established way of working affotrde e | ear ner and with
(Watson & Mason, 2006, p. 13

It would be important therefore to pay attention to the notion of covariation, variance and
invariance in the teaching of functions from the textbook in chapter 5; as well as what the
teachers do with these notions in the lessons.

2.6 Conclusion

Chapter 2 has narrated relevant literature on the notion of textbook use by teachers, and
establishes #t the teachetext interactions araot unidirectiongl but areinfluenced by both

the design of curriculum resources with resp
at times constrain it,; as wel | ad nlgew tod adh
textbook. The chapter also demonstrates the complexities of teaching and learning the topic

of functions and how some of these may be overcome. The next chapter grounds the study
theoretically, providing a lens through which the researdstipns shall be investigated and
answered
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CHAPTER 3
The Theoretical Grounding

Theory is vital to a body of research because it frames the questions asked and the way
they are asked. It also helps us understand and explain what we see.
(Remillard, 2009, p. 85

3.1 Introduction

The previous chapters illustrate that the teatherx t relationship ultin
dired i onal i (Brdwh, 2@09, p. &3 adirriculum materials through their affordances

and constraints influencing teachers, and teachers through their perceptions aimhsjeci
mobilising the curriculum resources. This-diectionality is captured in the conceptual
frameworks offered by Remillar¢r005 2009 a n d B r (2009 @esign Capacity for

Enactment (DCE) framework, whichrediscused later on in this chapteihe studyadops

and adapg these caceptual frameworks in dewging frameworks for analysing how

teachers perceive the affordances and constraints of the textbook and mobilise the textbook
with the objective of mediating a particul ar
of the textbook thus points to the notion of mediated action with origins in-sattioral
theory(Vygotsky, 1978. Inthischaper t hus, V-quiumlttledyaddthesisec i o

of tools are discused to ground the studyheoretically. Secondly, the chapter develops
conceptual tools for analysing the affordances and constraints of the textbook in the study;

and for analysingdw teachers perceive and mobilise the textbook in their practice.

3.2  Vygotsky and the Socie Cultural Theory

The study situates itself within sociocultural theory as its overarching theoretical framework,
wherein all humans are inherently social beingg grow from and through the use of tools
(Vygotsky, 1978 In this framework, the relationship between the subject andtoigie
mediated through artefacts, or cultural tools which mediate a@eantsch, 1998as shown

in the model below.

Artefact

Subject S Object O

Fig 3.1 The basic triangular representation of medigiianiels, 2001
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According to Vygotsky (1978), a function of a cultural tool

is to serve as the conductor of human influence on the object of activitygxteimally
oriented; it must lead to changes in objects. It is a means by which human external
activity is aimed at mastering, and triumphing over, nature. (p.55)

Wertsch(1991) argues that the cultural tools that are employed in mediated action are the key

to understanding the relationship Wween sociocultural settings and human action. Hence,
appr eci at i-actungwith-mesliatiGnalm e a (\Wedtsch, 1998, p. 34forces us to

Afgo beyond the individual agent when trying
act i adpand tg¢ fochs on the agemistrument dialectic.

Wertsch (1998 makes some claims about mediated action which are appropriate for the
current study. Firstly, that there is an irreducible tension between agent and mediational
means, such that understanditige agent o o | relationshinp i nvol ve
recombination of the el ements of agent and n
are times when separate characteristics of eachralgsedsingly, but the endesult in the

action is a onsequence of the two acting together. This point is important in this study as it
points to the need tanalyzethe affordances and constraints of the textbook, and the
individual characteristics of the teacher. However, to understand their relatiotssp,

separate features need to be brought together. The second claim is that mediational means
constrain as well as enable action, a point whiakalreadybeendiscussed in the previous

chapter. This says to be aware that while the texteoablessameaspectd o t he t eac h
practice, it also restrains the practice in other ways.

A third claim is that the introduction of new mediational means transforediated action,

to show that sometimes agents may demonstrate outstanding skills when wotkiranevi
cultural tool but the skills could be different or even average when functioning with other
tools. The interest for the study heredie the fact that during data collection of the study, a
new textbook was being introduced into the schools,dasons which shall be explained in

the next chapter; and therefore two different editions of the textbooks were available to the
teacher.The question would be whether the introduction of the new textbooks shaped
different enactments by teachers.

For the &st claim, | have combined two claims from Wertsch which indicate that the

relationship of agents towards mediati onal r
or fAin ter ms (Vdeftscha 1098r po 3bWertach imemtioris thaéte processes of
Omasteryd and Oappropriationd are intertwin:

distinct. Wertsch definesppropriationfrom translating the Russian language a process of
0taking something thag béel om@értschdd9& p.fH&8r s an
Attached to this meaninlies a notion of resistance such thathile it is expected that the

agent shallsethe mediational meanst has to be noted thahe agent also has power over
whether themediational meansare embraced fully or resisted strongly. This implies that
mastery and appropriation may not always be correlated, for example, in cases where an
agent uses the tools with feelings of strong resistance towards the cultural tools. In such
cases, mastery may not be expected even though there is still some appropriation of the
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cultural tool.To this effectBrown (2009 characterizes how teachers use curricular resources

as a ontinuum that illustrates the degree of appropriation. These degrees of appropriation
are i mportant to the study as they il lustra
materials, and are discussed in subsequent sections.

Sociocultural theoryand mediated action point to the importance of attending to the context

in which the teachetext interactions occur. The study is cognizant of the tension between
enculturation which carries connotations of imposition; and participation that points to

tec her s 6 As Daniele(300]) poinsout dal l thinking is 1inex
context and that to speak of thendi vi dual devel op 1tpeB9).t i s
Notwithstanding, it is the view of the study thhetmediational model of the soealtural

t heory ent ail s At he muand aupra mnaif Viueémaaed actio
acknowledges that human bgis fal so actively shape the ve
s hapi ng(Dahidise 2001, p. )1 This is thest ance of the dAinterp
partici pat i on/Pepn, Gueudet, &sTooucheec 2093theoktical perspective
represented by the frameworks by Remillé2805 and Brown(2002 2009 in this chapter;

and consequently the stance of the present study. As explained in chapter 1, the study aligns
itself with the view that the teach@xtbook interactions are dynamic interrelationships in

which the teacher and the textthoboth shape each other and together they shape instruction
(Remillard, 2005 Stein & Kim, 2009. Chapter1l of the study highlights that making
textbooks available to teachers does not necessarily imply they are used effectively, and
therefore the theoretical stance of a participatetgtionship between the teacher and the
textbook gives flesh to this metapic sense of textbook use.

In the next sections, conceptual framework for analyzing the affordances of the textbook to
the teachero6s pfactiaocoal g2i wgl kteashteosbs!| esso

3.3  Conceptual Framing of the Study

Two framewaks, Br 0 w 12602 2009 Design Capacity for Enactme(DCE) framework

and Re mRdoy rrameviosk of components of teachaurriculum relationshiphave

been nfluential in developing a conceptual framework for analydimg textbookfor its

affordances and constraints, and then for how teachers appropriate the affoafatinees

textbookl have to mention thahe sudy recognisethe documentational genesisamework
(Gueudet & Trouche, 2008 hi ch f ocuses on t e aanditstikengdssd o c u m
to the two frameworks mentioned abpwea resources shapinigacher activity and teacher

shaping the resourceHowever, for the purposes of this study, | have chosen to work only

with Remillardd and Browr® fameworls, as they are closely linkexhdserve my purposes

better. Each framework is discussed sepdyabeginning with the DCE framework

3.3.1 The Design Capacity for Enactment Framework

Brownodos f rFRg8e s dlustkative of the factors which influence the teadbgt
relationshipandhas been shown in previous chapters and sections to coftfistinteraction
between features of teacher resources and those of curriculum resources. The framework is
based on the assumption that teaching is a design activity, and therefore as teachers interact
with the textbook, they are engaged in des{Bnown, 2009. According to the DCE
framework, the textbook brings itkbomain representations, procedurasd physical objects
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to the interactions while the teacher brings kabject matter knowledggedagogical
content knowledge, goadmdbeliefsto the interactions.

: ~Subject
Physical matter
objects e b knowledge
Types of use: £ T
: offload, adapt, :
Curriculum improvise v Teacher
resources s . resources
. i ‘ ' Pedagogical
Domain o Goals, /
representations goceduies _ | beliefs k::vr;lt:g;
e
Instructional
outcomes

Fig 3.2 The Design Capacity for Enactment framework (taken from Br@0a9, p. 2%

The doublearrow in the middle of the two rings representing the curriculum features on the
one side and teacher resources on the other, shows three types of use of curriculum materials
by teachers agffloading adapting and improvising According to Brown, teachers
appropriate(Wertsch, 1998the affordances of curriculum in three different ways which may
be depicted as a continuum wittifloading and improvising at the two extremes of the
continuum andadaptinglying in the middle. The three types of uses depictdixgree of
appropriation of the affordances of the curriculum resource, with offloading referring to
teachers relying to a very large extent on the curriculum resource for the delivery of the
lesson. Improvising refers to whehe teacher improvises own raaials in the lesson and
uses the curriculum resource quite minimally; while adapting impdigng equally on the
curriculum resource and own resources to deliver the lesson.

Brownds scale of curriculum appr eyoriculuamt i on ¢
strategyframework (Sherin & Drake, 2009 while there are differences between them as

well. As mentioned in chapter 2, thaurriculum strategyi s fit he s ttemdhere t ha
adopts as he or s he p(Sheyirs & Drdkg, 2009, p. d)2and o f i n
consists of t hr ee @&eading,evalpating tandviledadagptiogtthe v i t i e s
materials. In the first instancethe curriculum strategyramework takes view of curriculum

use as ationoft e XRpraillartd, 200bwher e t he t @eaakbmearding r ol e
of thetext; asopposedtohat cof | abérator with materials t.
(p.-217)i n Brownbés framewor k.

By adaptinginthec ur r i cul um st r at esgnificantbhanges thatkeachess r e f e
make in the intended curriculum e.g. changes in the structure of a lesson, in the activities that
comprise the | esson, o r (Sherm &tDhake, 2009,rpp 436 e o f
Therefore the curriculum strateggomplemets the appropriation frameworkimitting or
deletingparts of the materialaithout replacing the; or replacingthemwith a different

component or creating new materials altogetherall form part of the adapting and
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improvising in theappr opriation framewor k, and .ther ef
Additionally, placing the activities on a contium adds another layer to how Brown
describes the process of appropriati@tause it distinguishes the time periods in which the
different activities take placd=or example, Sherin and Drake point out that no teagbeld

omit components of materialat one time period and create anotbee at another time

period; the processes remained consistent throughout the instructional ptadégcurrent

study, the view of text boo(Remillasde200b,sp.20Hhatr t i c i f
the study aligns with requires not only an analysis of how the teacher adapts thektbxtboo

what the textbookurnishes he t eac haswdls practi ce

An important observation frof8herin and Drake pertains to their finding ttestchers would

only adapt thenathematiceomponent of instruction during the lesson or after the lesson. At
thh s point | wish to point out that this 1s
study and the present study. In this study, the focus is on the mathematics, the object of
learning and what the teach#¢extbook interactiomdo to the opportuties for themediation

of the mathematicsNon-mathematical activities in the lesson are not consideseadresult.

3.3.2 The Framework of components of teachdrcurriculum relationship

The framework by Remillard shown irFig 3. 3 uti |l i ses Bwork ian 0 s DC
conceptualise the teackeunrriculum relationship as being shaped by what the teacher and the
textbook bring into the teacheurriculum interactions

Subjective

Context Curriculum

Teacher

~Pedagogical content knowledge
~Subject matter knowledge
~Beliefs/goals/experience
~Pedagogical design capacity
~Perception of curriculum
~Perceptions of students
~Tolerance for discomfort
~Identity

~Representations of concepts

~Material objects and
representations

~Representations of tasks

~Structures

~Voice

~Look

Participatory
Relationship

- =

Planned
Curriculum

e

Enacted
Curriculum Context

Schemes

Students

Fig 3.3 Framework of components of teacharriculum relationship
(taken from Remillard2005, p. 239

She highlightsthe four pringpal constructs of the framework that help to understand the

teachercurriculum relationshipa8 (a) t he teacher, (b) the <cur
relationship between t hem, and (d(Remtlldtde r es u
2005, p. 23h
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Important additions to the DCE framework include:

a) The influence of conté on the participatory relationship, as well as on enactment in the
classroom.

b) Learners are an integral part of the teadbgt interactions

c) A direct interaction between teacher and the enacted curriculum, but none between the
curriculum and thereacted curriculum

d) The cyclic nature of the participatory relationship where the enacted curriculum is a

result of the participatory relationshipyhile the enacted curriculum informs the
participatory relationship as well

It is noted that while Remillad i ncl udes teachersod6 pedagogi ca
ring for teacher resources, Brown does not include it in the DCE framework. However,
Brown explicitly declares that teachersd PDC

this skill (meaning PDCiepresents yet another characteristic that teachers bring to their
interactions with curriculum materials. Thus, PDC itself ultimately warrants inclusion
within the DCE frameworkBrown, 2009, p. 2B

The study adopts and adapts these two frameworks to deadi@mework for the study
shownbelowandunderpinnd by the sociecultural theory

PEDAGOGICAL

AFFORDANCES
DESIGN CAPACITY
) . .
g < T TEACHERTEXT INTERACTION T _ T
=l TEACHER = 6§ ¥ & ¥ [ TEXTBOOK & %
2t s 2 2FFE2F ROOXXX DF RF LI s £ s 2
% 8 | RESOURCEY 2 § | £ 5 | RESOURCE! 2 §
2 g ©° 2° 2’
% INSTRUCTIONAL CONSTRAINTS
E EPISODES
- content
- approach

Fig 3.4 A Conceptual Framework for the Teaehektook Relationship

Myquestion explores the relationship between
pedagogical design capacity in the mediation of the object of learning, hence the two rings for

the teacher resources and the textbook resoutagsie same. In the ring for the textbook
resource is included captions faffordancesand constraintsas the components of the

textbook which need to be determinedhe discussions on the notion of affordances by

Gibson and Norman from chapter tdget e r with Remillardébés and
discussed hem, suggest a definition of affordances for the study that encompasses the
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resources that the textbook furnishes the teacher, as wibléiagnabling and constrangy
characteristics. A&ibson pintsouft Aiwhat they [ affor daaftecadls] af f
depends on their properti#guoted from(E. J. Gibson, 2001, p. B8 From the literature
narrated in the previous chapter, the intended and enacted curricula in form of instructional
episodes include elements of theathematical contentiogether with theapproachto the
teaching and learning of the contenih the ring for the textbook resources, there is the PDC
itself together with three features that research illustrates are prominent in influencing
teachersé PDC: teacher sod Kkleiswidetltbig goalsiFor a | |
example, Schoenfegl(R011 in his research on decision making which includes teacher
decision making, found that knowledgeoals, orientations, includingoeliefs and
dispositions, were all influential factors.

what people do is a function of their resources (their knowledge, in the context of

available material and other resourcesplgdthe conscious or unconscious aims they are

trying to achieve), and orientations (their beliefs, values, biasgspdiiions, etc.)é if

enough i s known, i n det ai | , about a persono:

per sonds ac tadinednasboth macro and mierx levels. That is, they can be
explained not only in broad terms but also on a moshgmoment basis ( p. 2 6)

Both the teacher resources and the textbook are influenced by institutional context which is
refl ected (2005 fraenemiork bsaam idflaential factor for the teachixtbook
interactions. However in this studlyat is situated in particular school context, context itself

is not in focus. Lerman(2000 points out that while thehallenget he &6 s opreésemts t ur n
for research in ntaematics education s fit o devel op accounts tha
individual trajectoris € , and the cul t uraidins of the wayopeaple a | a
think, behave, reason, and understand the wdibd 36) it is a necessity of research in
mathematics education that cannetignored. He proposes the mdtapof a zoom lenfn

which what a researcher choosestofotus can be seen as fia partic
of a (Lerman,s2001, p. §4n which

one might envisage a researcher choosing what to focusresdarch through zooming

in and out in a classroom, as with a video camera, and selecting a place to stop. Whilst the
particular focus creates the object of research, the researcher must take into account how
the object is constituted in its relations ttee wider macresituation and the micro
situations. (p. 90)

In this study hencehe context is in the background. Howeirethe conclusion of the study,
| return to theissue ofcontextand some discussion on how conteXtuences the teacher
textbookrelationship.

| bring offloading, adaptingandimprovisingas characteristic of how teachers appropriate the
affordances of the textbook. The two important aspects of the mediation of the object of
learning in the classroom shall be about the contetiteoiesson as well as how the content is
taught.

As Baxter & JacK2008 opine that a conceptual framework serves as an anchor for a study, |
am suggesting here amchor that would guide the study moving forward. | expect that after
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the interrogation of the data collected for the study during data analysis, the framework will
be revisited and refined.

3.4 Conclusion

In this chapter,| have grounded the study thetcally, and suggested a conceptual
framework for guiding the study towards a better understanding of the relationships formed
by the teacher and the prescribed textbook. Thus relevant literature and theory pertaining to
this study have now been estabéidithrough the two chapters, namely 2 and 3. In the next
chapter, | discuss the research design and methodology of the study.
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CHAPTER 4
Research Design and Methodology

4.1 Research Design

This chapter outlines the t u deseéarch design and methodptanformed by research
guestionsoutlined in chapter 1, the literature review in chapter 2, and the theoretical
underpinnings discussed in chapter 3. To reiterate the purpose of the study: the study seeks to
understand better the relationship betweentdfaeher and the prescribed textbook in the
mediation of the object of learning in the classroone fEsearchs thusqualitativeand the

study adopts qualitative research methods to answer its research quegiiahdillan &
Schumacher, 20)0 These authors outline the research purpose for qualitative research as
Aundergtandoai al situation from participant::
sets out to do. Thus in keeping with qualitative research approaches, the research design and
methodology reported here takes the following aspects into consideration: ttosaad
description of the research site including the overall context of the study; my role as a
researcher; selection and description of participants including ethical consideration pertaining
to this selection; the duration of the study; its limitasip data collection and analysis
strategies; and validity, reliability and generalizability issues.

Because of the nature of my research questic
of textbook use by teachers in their practice; | have approableestudy as a case study
(Yin, 2009 research, which | describe below.

4.2 Case Study Research

Yin(2009posits that case study methods work d@Awh
asked about a contempory set of events, over which the
(p.-13). McMillan & SchumachgR010 define a case study as follows:

a case study examinesbmunded systenor a case, over time in depth, employing
multiple sources of data found in the setting. The case may be a program, an event, an
activity, or a set of individals bounded in time and place. The researcher defines the case
and its boundary. A case can be selected because of its uniqueness or used to illustrate an
issue. The focus may be one entity (withite study) or several entities (multisite study)

(p-24)

This definition hence demands one to be explicit about the nature of the case to be
investigated, and its boundaries in the design of the study. Another key feature of a case study

is about data sources in case study research. Baxter & poi nt out t hat e
of case study research is the multiple data sources, a strategy which also enhances data
cr edi (p.b54)j atpgini that Yin concurs with:

Thecase study inquiry
1 Copes wih the technically distinctivsituation in which there will be many more
variables of interest than data points, and as one result
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1 Relies on multiple sources of evidence, with data needing to converge in a triangulating
fashion and as another result

1 Benefits from the prior development of theoretical propositions tegt@ta collection
and analysis.
(Yin, 2009, p. 13

According to Yin, there are two variations of case study designslgasinglecase designs
where a single case is being studied, or mulgalge designs. Within each variant, there
could also be a unitary unit of analysis, which Yin refers to as holistic, or an embedded case

study where there are multiple units of as&d. The catgorisations are illustrated fig 4.1
below.

single-case designs multiple-case designs

CONTEG CONTEXT CONTEXT
LS el
S S L G TN AR ! H {
: Ciise E : Case i E Case 3
: ' : i v
! i : oo &
holistic : ' TR (B PRty |
(single-unit } i
of analysis) |} : CONTEXT CONTEXT
1 §
) [ meELLToaLSaSItaty R R 1
\ | : Case { ! Case !
' { - I :
] [} ) . { '
, I ) 1 H
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CONTEXT ) Case | Case |
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! Case ! é Analysis 1} 3 i Analysis1 |
) } i | iEmbedded Unit of;} Embedded Uni
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(multiple ! Analysis 1 i {
units of ) : L CONTEXT -
analysis) ) H ; Case
1 1 1
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) Analysis 2 1 ]
%) i )
T e s — il , ] i

2009, p. 4%

The categorization is very critical in the research design as it focuses what this sthidyt

and what it is not about, hence forcing one to be explicit about the unit of analysis in the
study. As Hatc{i2002a s ser t s, Adef i ning t hwitdbanalysigcar i es,
the key decision point in case study design ( pStaBe)1995 also categorises case studies

into two: an intrinsic case study when the focus is on the case itself, and an instrumental case

study when there is need for andapth understanding of an issue and the case study is used
to elucidate tht issue.

Fig 4.1 Categories of Case Studies (Souft&,

The present study is hence an i nstrument al
The study seeks an-ohepth understanding of how teachers mobilise the affordances of the
prescribed textbook by investigating teachers in one clostechools in the WMCS project
schools. The interest is on the process of mobilization, how teachers mobilise the textbooks
and what factors influence their decisions and actions. Thus, the focal point in the study is the
process of mobilizing the textbopknd not the individual teachers: teachers are a means to
understanding the process of mobilization. In the analysis of lessons in chapters 6 and 7, the
emphasis is on the processes by which teachers appropriate the affordances and the
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opportunities for radiation these processes open up, and therefore in the study the emphasis
is on common features dPDC across teachers and rfor within the teacher for so that
generalisations about teachersé6 PDC can be d

In the next sections, | elaborate on dessgues of the study, beginning with the context.

4.3 The Context

As discussed in chapter 2, institutiorahtext is critical in the teach&ext interactionsThe

context that | am providing here pertains to the schools and also the context of the larger
project within which the study is taking place. The intention here is placing boundaries
around the study, a requirement of case study designs mentioned above depicting case study
research as a bounded system. Suggestmmbifiding a case study includey time and

place, or activity,(Stake, 199por by definition and contextMiles & Huberman, 1994

This section shows how the present study is bounded by the context, including time, place
and activity.

4.3.1 The Context of the Schools

| have already alluded to thecfahat this study is situated within the larger project, the Wits
Maths Connect Secondary Project (WMCS) which works with teachers in ten schools within
one district in the province of Gauteng in South Africa. The teachers participating in the
study are dcated in these schools. For purposes of working in the schools, the WMCS had
initially divided the schools into four clusters based on geographical location, and | found
myself working in one particular cluster regularly which became my logical choidastér

for my study. This cluster is made up of three secondary schblsearners fronGrade 8

(ages 13 14) to Grade 12 (the last year of secondary schooling in South Africa). Two of the
schools ardocatedvery close together, about 5 minutesa@fiking distance, while the third
school is situated some one kilometre away from the other schools, and the schools serve a
common community of learners: in a township setting with low secanomic status and
100% &b | alchke t e ac h earesall black ahdmestlyeSowsthcAlrican hagonals

but in the subjects of mathematics and science, there are a number of foreign teachers
especially from Zimbabwe, as is the case with all the other project schools. All the teachers
participating in the sty wereactive participant$n project activities before data collection
started.

With regard to access to textbooks, all teachers have a copy of the prescribed textbook and
other textbooks that they use, however, not all learners have textbooks. In Acfaol

example, where there are abo@ ® 70 learners in a classroom in the lower grades,

textbook is shared by between 6 to 10 learnerdigsussed n chapter 1 with t
textbook sagabd, there 1 s a psduetoadministiativdh a c C ¢
challenges by government to deliver the textbaonkstimely fashionto learners. Thus while

the textbook is the sole resource for learners it is not fully accessible to them.

7Inpostapartheid South Africa, 6éblackd is still commonly
people of Western descent. There is only one o6whitebo
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4.3.2 The Context of the Larger Project

In order to foas the study and its scope, | chose to work on the mathematical topic of
functionsat Grade 10 level, and this decision was influenced by the focus and objectives of
the larger project. The mathematical focus of the larger project was establishedopascthe t

of algebra and functions due to their importance in the curriculum in South Africa
particularly, and in mathematics generally. At the same time, the larger project had decided
that the Grade 9/10 transition in mathematics constituted a leakage jnpéi@e in the
teaching and learning of mathematics in South Africa, and therefore that would be one
strategic point where the project would focus its attention. The other reason for choosing
functionsis about my own personal inclination towards thgidol have taught the topic at

first year undergraduate level for over a decade and found that while it is a very important
aspect of mathematics for further studies, it is also one of the topics in mathematics which
students find quite difficult. Workingith functionshence would also provide me a space of
personal learning about the challenges of teaching and learning this topic at secondary level.
Furthermore functionsas a topic is formally introduced at Grade 10 in the South Africa
curriculum, hene my reasons for choosing to work with Gradduttions

It is important to note here thidite topic offunctionsis only a means to study the relationship
between the teacher and their textbhdatould havechoserany other topic.

4.4  Participants in the Study

The teachers participating in the study together with the textbooks they use in their practice
form the two types of participants that | am reporting on below.

4.4.1 Teacher Participants

The sampling adopted in the study is purpo$sivie opportinisticas well(Cohen, Manion, &
Morrison, 2000. The teachersvhom | worked with formed partf@ larger project made of

four different clustersas mentioned in earlier sectioience the opportunityFurthermore,

the larger project would hold cluster workshops which madentvenient for me to ark in

one cluste instead of different onesMy intention had been to work with two Gia 10
teachers from each schodHowever, when inviting the teachers to participate, all Grade 10
teachers in the schools showed interest to participate: four from School A; twbdol B,

and ae School C, thus a total of seveachers. Prior to the study and as demanded by the
institution, an ethical clearance for working with teachers in their schools was sought and
granted for the study. Furthermore, consent for participatidhe study was sought from
each teacher, each | earner in each teachero
learnergconsent letters appded to thesis as Appendix Al and,A2spectively) | assured
teachers, learners and their parentsaifidentiality and anonymity, together with the fact

that participation in the study was voluntary, and learners and teachers could stop
participating at any time they wished. | also pledged that the information gathered in the
study would be used solefpr the purposes of the study. Hence, in keeping with these
assurances, all teachers are referred to anonymously without disclosing their schools, nor
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their cluster. | have given each teacher a lettered name based on their school. For example,
the four tachers in School A are referred to as teachers Al, A2, A3, and A4, and so forth.

Teacher

School

Quialification

Additional
qualification

Experience
in teaching
by 2011
(years)

Experience in
grades taught by
2011
(mathematics)

CcC

Al

3-year Teachers'
Diploma/National
Professional Diploma in
Education

2

Grade 8 10

RS

A2

3-year Teachers'
Diploma/National
Professional Diploma in
Education

Grade 8 10

™

A3

Fouryear Higher Diploma
in Education

Advanced
Certificate in
Education (ACE)

15

All Grades

EM

A4

3-year Teachers'
Diploma/National
Professional Diploma in
Education

Grade 9 10

ZS

Bl

3-year Teachers'
Diploma/National
Professional Diploma in
Education

STD

Advanced
Certificate in
Education (ACE)

All Grades

OM

B2

3-year Teachets
Diploma/National
Professional Diploma in
Education

Advanced
Certificate in
Education (ACE)

12

All Grades

CCH

C1

Fouryear Higher Diploma
in Education (Accounting)

Grades 8 and 10

Table 4.1 Participant Teacher Information

As it happenedTable 4.1above shows that all teachers in the study except for teacher C1 are
gualified mathematics teacherd. e a ¢ h e rchodl had beensexperiencing a shortage of
gualified teachers in mathematics and teacher C1 filled in on some mathematics teaching.
Three tachers have an additionald®ancedCertificate in Education (ACE)qualification

which was introduced in South Africa pesgtartheid, as a formal upgrading programme for
teachers who only had access to a ttyesr or fouryear college diploma in educatiofus,

while the teacherare all qualifiedthere is a difference between the thyear diploma, four

year diploma, and the thrgea plus additional ACE diploma.

With respect to experience, two teachers have teaching experience of more than ten years
each, and have taught all Grades; one teacher has taught all grades with an experience of
eight years of teaching, and the rest of the teachers have taught up to Grade 10 with
experiences ranging from one to t vemtaspecar s.
in the analysis of datas the previous chapters show that the experience plays an important
role in how teachers interact with their curricular resources.
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4.4.2 Textbooks as Participants

The prescribed textbook at Grade 10 for the three $shwarticipating in the study is
Classroom Mathematiddaridon et al., 2008 which | shall refer to simply as CM. Bowie
(2013 (see Chapter 2nalyes two textbooks in her study and chooses CM as one of the two
textbooks. | quote below her reasons for the choice of textbaahkd in particular her views
about this particular textbook

However | did want to choose textbooks that were published bykweln publishers,

written by respected authors and intended for the mass market. This was to ensure the
textbooks were not unualcases (e.g. written for schools with access to technology or
aimed at high achievers) and that they had credibility. For these reasons | chose the book
Classroom Mathematics Grade 10 (which henceforth | refer to as CM) (Laridon et al.,
2004) as the fitsbook toanalyze This book was the bestselling grade 10 mathematics
textbook in the country at the time | embarked on my study and was written by a team of
authors who & (or were) schoolteachers wigiktensive classroom experience. A number

of authorsof this textbook were also involved in the curriculum process and have been in
leadership positions in mathematics education organisations. The Classroom Mathematics
brand is well known in South Africa. The coordinator of the team of authors as well as a
number of members of the team had been involved in writing previous editions of the
book.(Bowie, 2013, pp. 6B3)

Thus, CM is a very gpular textbook in South Africa, and | gather from interactions with
teachers from some private schools that it is a textbook of choice with some prestigious
private schools as well.

The present study commenced at an interesting time in South Africeestect to textbooks

due to a phasing out of the old curriculum and an inception of a new one. In 2011 when data
collection began for the study, South African schools followed two national curricula, the
Revised National Curriculum Statement Grade8 &dthe National Curriculum Statement

(NCS) Grades 102 (2002). A process of revision that started in 2009 culminated in a joint
curriculum statement, thdational Curriculum Statement for GradeslR (2012). The new

curriculum statement is said to havesbéuilt on and updated the previous curricula with the
aims Ato provide clearer specifica-bypteorm of w
basiso (NSC 2012, p.4) and includes the foll

(@) Curriculum and Assessment Policy statem¢@isPs) for all approved subijects;

(b) National policyfor programmendpromotion requirements of tidational Curriculum
Statement Grades-R2; and

(c) National Protocol for Assessment Graded R 0

Thus, CAPS is not a complete reform of curriculumpgrotiides clearer specification.

The textbooks used in the South African schools are aligned to the curriculum statement and
undergo an approval process facilitated by the Department of Basic Education (DBE), to
become prescribed textbooRalith the loomirg change in the curriculum for inception at
Grade 10 in 2012, textbook authors and publishers began the revision of their textbooks to
align with the newCAPS curriculum, CM includedWhen data collection began for the
study, the new CM edition was in drddbrm. While the new edition would still have to be
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subjected to the approval process, teachers were convinced that it would pass; possibly for
the reasons outlined above by Bowi€hrough my professional contacts, | was then able to
make arrangements fdhe draft copy of the new CM to be availed to the participating
teachers, such that there were two versions of the textbook in place for the teachers, which |
shall distinguish by referring to the old version asRhe CAPStextbook and the new one as

the CAPS textboakHowever, it is also important to note that learners had copies of the Pre
CAPS textbook, and as mentioned in previous sections, except in School B where all learners
each had their own copy of the textbook, in Schools A and B, learnees shiaring a
textbook, and at times, there wesig or tenlearners to one copy. The larger project hence
decided to provide textbooks to School A and B so that each learner in all participating
classroomsn this studyhad their own copy of the R@APS txtbook. In this way, lack of
textbooks for learners could no longer be used as an excuse fartilisation of the
textbook.

Gui ded by teachersbo assumptions and convi c
textbook) would still be the prescribed textbdok 2012; that CM seemed to be the most
popul ar among the seven teachers participat
fact that the new chapters were availed to the teachers to utilise, | used both textbooks in
determining the affordances offiet textbook in chapter 5. In fact, the CAPS textbook,

0Cl assroom Mat hemat i c sby Pikertald201] hdad indeedgpassed r 6 s L
the approval process as one of the recommended textbooks for the CAPS curriculum, and in

two schools(Schools A and B) has remained as the prescribed textbook for Grade 10. In
School C, another textbook series has beeomenended as the prescribed textbook and this

is discussed in later chapters.

This means that during data collection and for class observations, the teachers in the schools
had the two editions of the textbook to work with but learners only had th€ARS
textbook, the fact that was quite obvious in the observations.

4.5 Data Collection

Two important events took place prior to the data collection process and during the process
which have a bearing on the process. Firstly, prior to the data collectioespy@nd based

on |iterature regarding the need for(Bahaking
& Cohen, 1996Davis & Krajcik, 2005 Stein & Kim, 2009 when using textbooks, | invited

the author of the topic ofunctionsin the CAPS textbook, who happened to be the same

author in the PHEAPS textbok, to talk to the participating teachers about the design
rationale of the textbooks. The intention again was not for the author to tell the teachers what

to do, but to O6visibilised her design ration
a professional development theme on Gradé&h6tionsorganised by the larger project was

being conducted in the schools and the seven teachers participating in the study attended both
events. | have to emphasise that the purpose of the workshop was teatbook use at all

but on opportunity to enhance teachersd math
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451 Making the Authorodés Design Rational e V

The meeting between the author and the participating teachers was scheduled for two hours,
and it is here that theuthor availed the draft copies of the chaptersumctionsin the CAPS
textbook to the teachers, for teachers to use as theyfisalthe meeting was also an
opportunity for teachers to engage with the
charges in the nefunctionschapters. The author went through the two chaptefarartions

in the textbook, demonstrating how they would use the textbook for teaching, which included
the amount of time they would allocate for each section, and fundamentsilyhe author
presented the textbook in the way she did. Two important observations | made in this meeting
were that: a) the author explicitly indicated to teachers that she regarded the CAPS textbook
as an improvement on the REAPS textbook and it wdser wish that teachers would use the
CAPS textbook for teachinfyinctionsright awayeven though it was still in draft form; and

b) while the author had this wish, it was also made clear to teachers that the decision on how
to use the textbook and whichtBook to use rest solely with the teacher.

In all fairness, the meeting could have served to sway teachers towards a certain orientation
of using the textbook, but | felt that it was a necessary meeting for teachers to have as it
furnished them with thé&nowledge about their prescribed textbook which they could not
have obtained elsewhere. | return to this in the conclusion chapter.

4.5.2 Professional Development on the Teaching of Functions

The seven teacher participants as mentioned are part of tyeuprae for the larger project
whoseContent Focused Project (CFP)aami med t o address issues of
knowledge for teaching, and the teachingfuictionshad been earmarked as one of the

topics to be addressed in 2011 in the projectpl®ata collection for the study coincided

with this programme which was addressing the teachinfumdtionsat Grade 10. The
programme which was run in collaboration with partners from the United Kingdom consisted

of onceaweek workshops held at onehsol in each cluster, and continued for four weeks.

The programme mostly attended to at least two aspects of the teahi@teraction aimed

at supporting teachers in effective use of curricular resources, namely

1 identifying critical features of the tapof functions and objects within this
T making visible the authorsdé and developer
alluded to.

All the teachers participating in the study attended these workshops aimdgbrsant tonote
here the possibiligs thatprofessional development programmes such as the one mentioned
aboveindeed hope forsuch as

1 learning to craft customised solutions that meet their own teaching goals and their
studentsd needs

1 exploring which resources to use and how to use theaddition to support for their
subject matter knowledge and ways of teaching the content

1 design skills required by teachers for effective use of curricular resources.
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Thus the study took up data collection after and amongst these teacher developrasnt iss
However, it is important here to clarify that the studya concerned with the impact of
professional development, but to describe and explain the relationship between teachers and
textbooks in the mediation of the object of learning, so as to kenabflection back on
maximising the use of this key resource as a route to a possible solution in enhancing
teaching and learning.

4.5.3 Data Collection Instruments and units of analysis

The next step was for me to determine the appropriate instruroetite fkinds of questions |
wanted to explore. In Tdd 4.2 below, | have captureshch research question and how |
collected the data for it, including the textbook itself as the source of data for the first
guestion which seeks to determine how the CAB8book affords and caitrains the
teacherdés practice.

Question Data collection instrument Unit of analysis

a) What are the affordances of the prescribel
textbook to the tej§

Artefact (textbook), literature

Units in textbook

b) How do teahers mbilise the prescribed
textbook?

Lesson observation (video)
Interviews (audio)
Field notes

A lesson and its episodes

¢) To what extent are teachers aware of the
affordances and constraints of teatbook

Lesson observation (vidg
Interviews (audio)

Teacher utterances

in their practice? Field notes
d) What is the relationship between the Analysis and synthesis of
textbookds affor da i above

pedagogical design capacitythe
mediation of the object of learning? And
how might this be explained?

Table 4.2 Data Collection Instruments

For the first question the textbooks (FZAPS and CAPS textbooks) were used as data for
determining the affordances of the textbook, and the unit of analysis in this case was the
predeermined unit in thetextbooks.F o r teachersd mobilis-ation
recording of lesson observations was used for data collection, and the unit of analysis became

the lesson itsel€hunked into analysable episoddsterviews were used assource of data
forde er mi ning the extent of teachersé awar ence
were used as units of analysis. Thus in each level of analysiserediffinit of analysis was

used followingthe case study desigin the next sections, | relate hdahe processes of data

collection unfolded in the study.

4.5.3.1 Lesson Observations

My intention had been to observe and vidape threesuccessie lessongthat is, lessons that

follow each otherdirectly or with no other lessonin betweelh on functionsfor each
participatingteacher In my mind, this ideal situation would provide me with a deeper sense

of the processes which take place as teacher plans for the next lesson, and how each lesson
builds on from therevious lesson.soon learned thasuchplans were not easily realised

practice. hings went according to plan on the first day only. After that, the timetable had to
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be rescheduled almost daily for various reasons, including change of timetable, or teacher
being absent from school, or teachot being ready for me at allowever, at the end of the

four weeks of lesson observatiohsad video recordings of thre®n successive lessons for

five teachersl had only twdessons observddr one teacher which were successive and due

to timeable changes, it was not possible to reschedule the third and last lesson obsérvation.
observed and recorded four lessons for the seventh teaclmrlyptitreeareused for data as

the teacher had to be called away on civic duty before one of thadesas completed.

Table 43 below shows that a total of 2@ssons were observed, totalling roughly 17 hours of
video time.As notal, one lesson was not used because it was deemed inconpldtee f
reasons advanced aboveowtver, while many teacher less were not successive as
planned, there were a few which still occurred one after the other. For example, teacher B1
had two successive lessons, one on a Friday, and the next one on the following Monday. If
things had gone according to plan, the nexddaswould have been the third of his lessons,

but the timetable changed and it was not possible to get back to his classroom again. Teacher
C1 has the first two lessons, lesson C11 and<tit2essive even though there wagap of a

week between the twodsons when C1 was away from school for a week. Teachatsa

has two of his three lessons successive, lessBAsaAd A3.

Teacher Lesson Date Duration Comment
1 Al All 09/05/2011 | 0:47:47 3 nonsuccessive lessons
2 Al Al2 13/05/2011 0:48:17
3 Al Al3 27/05/2011 | 0:51:53
4a A2 12/05/2011 | 0:19:40 3 nonsuccessive lessons
4b A2 A21 12/05/2011 0:18:27
4c A2 12/05/2011 | 0:08:23
5 A2 A22 17/05/2011 0:51:43
6 A2 A23 26/05/2011 | 0:45:43
7 A3 A32 23/05/2011 | 0:51:23 3 lessons; lessons 1 and 2
8 A3 A33 24/05/2011 | 0:49:18 successive
9 A3 A34 27/05/2011 | 1:00:04
10 A4 A4l 09/05/2011 | 0:47:43 3 non successive lessons
11 A4 A42 23/05/2011 | 0:57:26
12 A4 A43 26/05/2011 | 0:53:41
13 Bl B11 13/05/2011 | 0:50:10 2 successive lessons; lesson 3
14 B1 B12 16/05/2011 | 0:33:47 impossible to arrange
15 B2 B21 12/05/2011 | 0:45:58 3 non successive lessons
16 B2 B22 16/05/2011 | 0:32:06
17 B2 B23 01/06/2011 | 0:40:00

8 As noted, 21 lessanwere observed and recorded but one lesson was omitted in the analysis for reasons
provided
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Teacher Lesson Date Duration Comment
18 C1 C1l1 12/05/2011 | 0:58:09 3 lessons; lessons 1 and 2
19 C1 C12 20/05/2011 | 1:07:22 successive even tholugpaced
20 C1 C13 24/05/2011 | 1:03:41 by a week
| | | TOTAL | 17:14:27

Table 4.3 A list of video recordings for the study

Besides the rescheduling of lessons which | have already mentioned, other challenges for the
lessonobservations included the setting up of the video cameras in some of the classrooms.
Some of the classrooms were so tightly packed such that the available space was at the front
of the class too near the chalkboard or near the door resulting in veryighaimgl Another
incidence was when teacher used a puepleured chalk which the camera coulat pick up

on the chalkboardThe last challenge involved my experiences behind the video camera
where at times | would find myself too immersed in the teachimd forgettingd move the
camera accordinglywhile this did not happen more than once, | nevertheless lost some
important data which | did not capture on the camera due to the lapse in concentration. This
brings me to an important consideration irsthrocess about my role as a researcher and my
behaviour which | elaborate belawsection 4.5.3.3

4.5.3.2 Interviews

While the lesson observations provided me with the information | needed in order to
understand the teachixt relationship, | suppleméeed these with individual interviews with

teachers as they could serve to clarify and explain some of the questions emerging from the

|l esson observations, for exampl e, teachersé
My original intention had ben to study the transcribed video records of lessons in order to
formulate ideas for which | needed clarification or explanation from teachers, and also what
other aspects of their use of textbooks I felt needed to be probed further. | had envisaged the
process of transcribing the videos and the initial analysis of the transcripts would take about

six months to complete, but it took a lot more than that. The pilot of the interviews alerted me

to the fact that I needed skons bbferesrenductngntbe i n s i
interviews with them. | ran a second pilot some twelve months after lesson observations after
which | arranged for individual interviews with the teachers and travelled to the schools.

A year later after lesson observations,thé seven teachers in the three schools were still
available and still willing to paidipate.| sent each teacher a copy of the setnictured

interview protocol (copy attached asppendixB) a week prior to the scheduled datetod

interview in orderto prepare themselves for the interview, appreciating that a long time had
lapsed between lesson observations and the interviews. Participants had also been requested
to bring with them to the interviewite all the different textbooks which they wkéor

planning and teaching. When | got to the schools, | found that three of the seven teachers
were no longer teaching Grade 10, but were teaching Grade 11. However, they were still
willing to continue with the interviesy The interviews were set up to prothgee important

aspects in the teachtaxt relationship:
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) teachersdé6 familiarity or knowledge of thei
textbooks compared. The interview took place after the topimraftionshad been
taught, and the CAPS tibook wasthenthe prescribed textbook, at least in two of the
three schools

i) teachersdo familiarity or knowl edge of t he
functionsat both Grade 10 and Grade 11

i) teachersod views ab ou teachingand leaming i0 the coritexttofe x t b o
the OOLiIi mpopo text b-delivery of degtlaodks iw Isalaols innthe n o n
Limpopo province irSouth Africa caused an uproar among stakeholders in the country

| had asked all teachers to bring to the intewsite all textbooks which they used in their
practice for ease of reference, and | brought theQ&ieS and CAPS textbooks with me.
However, only one teacher brought a textbook to the interview site, but then it was a
teacher 6s gui desitwily contained andwens to tquedtiens. prheanterviews
themselves were not easy to conduct as | found teachers talking quite generally about their
textbooks; andheir responsewere also quite briefor some of the questions wte | had

hoped to elicitmore informationAs a result, initially felt that the interviews did not serve

the purpose of supplementing the data from lesson observations as | had intended them to,
andthought they would not be usabiethe study after all. However, towards @&l of the
analysis of the lessons, | found that the interviews could serve another purposkel use
them to establish the extent o f teacherso
textbook. In other words, what | firssaw as absence (poor eéntiews) became a new
presence for the study (Adler, in discussion).

4.5.3.3 My Role as a Researcher

Merriam (1999 ment i ons t hat a researcher can fass
collecting information as an observer; stances range from being a full particighet
investigator is a member of the group being obseiviecbeingpa s pect ator o (p. 10
wanted my role to beneof a complete observer, it was not very easy to accomplish this due

to the relationship already formed through interactions in professional development activities

of the larger project. For over aarel had been interacting with the participating teachers in a

role of a professional developer per se, which involved classroom observations and talking to
teachers about their practice. Hence during data collection, while | was firmly planted behind

a @mera, on numerous occasions, teachers would request assistance with a mathematical
concept for example, or | would have to take over a lesson when a teacher was called away in
the middle of the lesson, as in the case of the lesson A31; and | would hesspaood

positively to those requests. Sometimes, teachers would request that | say something about
their teaching at the end of a lesson, or say something to the learners as well.

In other words, while | had defined my role clearly to myself, teachesstlkat role
differently due to prior experiences and interactions, thus drawing me into a participant
researcher. Although | feel that thisdhaot affected the data collection process as such, it
certainly influenced some of the wayath which | have nterpreted the data, because |
already knew so much about a particular teacher, which could not be completely ignored. |
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fetl some kind of tension as | considdthis as a limitation on the study to some extent, even

though on the other handvies an adantage as | undemsid better the context of the schools

and the teachers, an imgant influence on the studyAdler in (Adler, Ball, Krainer, Lin, &

Novotna, 200% cautions that it can be difficult to take a sceptical stance when one has an
investment in a situation such as thasyd argues forelv el opi ng fAstrong a
theordical languages that enable us to create a distance between us and what we are looking
at 0 (.phis8llawa yesearchers to navigate thestenon of dédnearness and
a need for strong analytical tools and theoreticaluagg which | develw for this study in

the next section.

4.6  Analyzing the Data

There arevarioussets of datavhich arebeinganalysedn the study, namelythe prescribed

textbook, lesson observatignand individual interviews with teachersThe prescribed
textbookwasanalysedfor its affordances o t he t e a chaper 3 Shepbjeativet | c e (
of the analysis was to determine what the textbook furnished the teathebefore

embarking on how teachers appropriated these affordances in their prefdipteis 6and

7). In chapter 8 the individual interviews with teachers wenealysedn order to determine
teachersd awareness of the affordances.

4.6.1 Determining the Affordances of the Textbook

The first analysis of the study ichapter 5involved the analysis othe structurgBrown,
2009 Remillard, 2012 Valverdeet al., 2002 of the textbookin terms of the mathematical
content and instructional approach of teetbook.The notion of the structure of the textbook
has already been discussed in chapteA2 has already tea alluded to the objective of this
aralysis was tcestablishresources whicltonstituted asffordances of the textbook to the
teachersdé practice

The analysis began with the development of a conceptual framework that would be used to
assess théextbookresources With respect to the contenthe framework looked at what
content was covered and how it was organizBecruitingfrom Valverdeet al(2002, the
constructs of presentation formats(partitioning blocks of conteptand performance
expectationgactions on function tasks) were adopteddescribe how the content in the
textbook was organized.

For describing the instructional approabhilt into the textbook, the notions afuast
deductiveand quastinductive approaches were coined to distinguish between pedagogical
approaches that are didactic and investigative, respectively. The terms were derived from
inductive and deductive pedagogic approaches in textbooks from thelstugysor et al
(2002.

The conceptuaramework thus developed was usedatalyzethe chapters orfunctionsin

the PreCAPS and CAPS textbools determine the kind of mathematical content privileged

in the textbookswith respect to the conteateas covered and how these were sequenced in
both textbooks. For the approach to the teaching and learning of the content, both textbooks
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were utilized to determine the presentation formats and their sequancirter to determine

if the approach was quadeductive or quasnductive. The CAPSektbook was further
utilized to analyzefor the performance expectations of the learners and how these
sequenced in order to establish whether the approach to Functions was pointwise or global
(Even, 19983. Hereeach one of the tasks in the textbook (from worked examples, practice
exercises, activities, and end of chapter exercises)cadad for a particular performance
expectation, and the resultdetermined groundedlyStrauss & Corbin, 1990 These
produced five main performaa expectations, nasty. substitute actions, plot and draw
actions, read off actions, generalize properties actions, and interpret properties actions.
These codes were used to describe the cospetific approach to teaching the topic of
Functions in the textbook.

4.6.2 Investigating how Teachers Mobilise the Textbook

Thenext stage of analysia chaptes 6 and7 involvedan indepth analysis of the transcripts

of the videetaped lesson observatiomghich began with the analysis of lessons for one
teacher Alin chapter 6 The objecte was to use teacher Al0bs
framework and approach for analyzing the rest ot tleea c lessanssirohapter 7

The process began with the developmenca ncept ual tool s fsor ana
appropriation of the #&brdances of the textbook. This was basmd the theoretical
framework fromchapter 3and the conceptual framework for analyzing the affordaotése

textbook inchapter 5..

The analytical approach which | followed consisted of analyzing each lessmolbilisation

of the content andnobilisation of the approachEach lesson was chunked into episodes
which were coded for presentation formats, performance expectatiothicomments about
what content was taken from the textbook, inserted from exte¥salirces, or omitted from
the textbook. This information helped in determining extent of use of the textbook based
on three aspects;

a) thecoverage of content and how it was organized;

b) the degree to which the teacher offloaded, adapted, aouispd the content of the
textbook;

c) theopportunities for mediatiothe teacher created for her learners in the classroom based
on the content she injected into the lesson from external resptineesontent from the
textbook which she omitted in hiessons; and errors she committed in the lessons.

From these analyses, | was able to differentiate betwgastionsof content which enhanced
opportunities for the mediation of the object which | cafigoust injectionsand those which
detracted fromthe opportunities for mediation which | termaeatistractive injections.
Similarly, | differentiated betweeproductive omissionsvhich did not detract from the
opportunities for mediation arafitical omissionf content which | considered to batical
to the mediation of thebject. | used he results of the mobilization of content describe
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teacher Al1l06s u stacit(Bolanyi, 19&), as apposel  dekiberadse to the
presence of critical omissions in her lessons.

For the mobilization of the approacthe presentation formats in each episode and each
lesson were sequencedorder of appearance and helped to determine whether the approach
teacher Al followed wagjuasideductive (or teacheted and beginning withworked
examples or explanatory talk by teagher quastinductive (or investigativeand beginning

with activities for learners Furthermore, the performance expectations in each episode and
each lesson were also sequenced to determine whether the approach to teaching and learning
functions waspointwise or global or a progression from pointwise to global. Fran th
manner in which teacher A1 mobilised the approach of the textbook, | watdblken an

opinion about whethesr notshe perceived the approach of the textbook as an affordance in
her practice.

The combined results of the mobilization of the content aputoachwere used to decide
about teacher A106s relationship witlhalschher te
found not participatory, and therefore referred to it as heiogintimate. At this stage |

could then i nfer bhebapatity forpedaghgeal desigh dvisen WRil2iGg,
existing resourcess beingnot high I avoided the term o6l owb
similar analyses for the rest of the six teachers.

| had thusdevelopedanalytical tools which | could use inhapter 7 to explore the
mobilization of the affordances of the text
establish their levels of PDC.

Figd4. 2 below il lustrates an overview of t he
mobilization of he textbook

what doesthe textbook Teacher-textbook how doesthe teacher
AFFORD (& (KS\@ L JLIiCs? interactions MOBILISEthe textbook?

U U

The Sructure: -

Gontent and hF21 RXOCXXXX XXX XXX XXX RELEXXX XXX XXX XX XXX X..improvise

Approach g—

Pedagogical Design
Capacity (PDO

Figa2Conceptual Framing for Teachersdé Mobil:i

The teachetextbook interaction iffrig 4.2 involves a participatory collaboration between the
textbook affordances and t eac h e rractce WbiG. The
resources determined from isgructure (Brown, 2009 Remillard, 2012 Valverde et al.,

2002, the question forchapter 5of the study. According to Browii2009, teacher s
appropriation of the affordances may be represkerin a continuum that indicates the
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contribution of resources from the teacher and the textbook: the teztibadswhen she

relies wholly on the textbook for the delivery of the lessomrovisesif she relies on her

own resources or external resowder the delivery of the lesson, amdiaptswhen the
resources from the textbook and teacher are shared equally. B2008) has defined PDC

as the capacity for teachers to perceive @nwdbilise existing resources to craft productive
instructional episodes, and therefore how teachers appropriate the affordances in their
interactions with their textbook determine their level of PDC.

4.6.3 Determining Teachers Pedagogical Design Capacity

Inchapter 70f t he study, the analyses of the rest
The results ofchapter 6had provided analytical tools for analyzing the lessons Her t
mobilization of the content; the mobilization of the approach; detergniniwh et her t eac
textbook use was deliberate or tacit; determining whether the te@stieook relationsips

were participatory or intimate; and consequently deciding whether the levEeB®fwere

high or low.

The analysis was undertaken for all tweii20) lessons including lessons for teacher Al
analysedn chapter 6 This was due to the decisitimat | took to aggregate the lessons and

look for patterns across all lessons regardless of the teacher, in order to be able to generalize
about the teachhes 6 of testloks instead of a looking at a particular teacher and what she
did in her mobilization of the textbook.

In the first stage of analysis for mobilizing the conteath one of the twenty lessons was
chunked into analyzable episodes aadalysed for coverage of content; degree of
appropriation of content; andor opportunities for mediatigras desgbed in the previous
section.Then a summary of each lesson followeith comments particularly on the resource
used (if obvious)theinjections omissiors, anderrors madeor occurring in each lesson.

The analysis | ed to the delineation of t ea
explore thetype of content teachers depended on the textbook for (offloaded) and what
content they inserteddm external resourcggmprovisations) The analysis also helped to
differentiate betweermmprovisationsto lessonsas content that is available imettextbooks

that teachers brougirt from other resources; amgjections of contentha was not requied

by the relevant grade level but which teachbreught in anyway.Opportunities for

mediation were determined through the explorations and categorisatiofisimeetions
omissionsanderrors occurring in lessons

For the mobilization of the appmoh, all lessons were analysed for the degree of
appropriation of the approach which illustrated whether the approach adopted in a lesson was
guastdeductive or quasnductive and whether each approdohthe lesson wa adopted

from the textbook or not.Similarly for the contenspecific approach on the teaching of
functions, each lesson was analysed for whether the approach to functions was pointwise,
global or a progression from pointwise to global strategies.

The results of the analyses of the mobtia of content and approach once again helped me
to make claims about: ayh et her teachersdé textbook use wa
the teachetextbook relationships were participatasy intimate and c) whethe t eac her s
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PDC was high or low. Aumber of analytical terms were introduced in this and previous

section which present in Tabld .4 for ease of referen@venfor subsequenthapters

Term

Description

Quastdeductiveapproach

Investigative approach where learners engage with theepbbefore it
is taught or told

Quastinductiveapproach

A didactic approach that is teacHed in lessons or begins with
worked examples or definitions illustrating a procedure

Injections

Content teachers bring into lessons that is not yet requyréeeb
curriculum at the current grade level

Robust injections

Injections of content which enhance opportunities for mediation of t
object of learning

Distractive injections

Injections of content which detract from opportunities for mediation

Omissians

Content that is available in the textbook which teacher dmitse
lesson

Productive omissions

Content omitted which does not detract from opportunities for
mediation

Critical omissions

Content omitted from lessons that is criticabfportunitiesfor
mediation

Tacit textbook use

Teacher 6s use of textbook that

distractive injections and critical omissions

Strong teachetext relationship

A relationship between teacher and textbadiere teacher mobilises
both thecontent and the approach of the textbook

Intimate teachetext relationship

Teachettextrelationship that is participatory in nature and which do
not include critical omissions

Table 4.4 A list of analytical terms for the mobilization of the textboo

464 Est abl i shi
Textbook
Teachersodé PDC

ng the Extent of

requires that teachers

and then mobilise them in pioctive ways in the classroom separate aalysis of the

teacher so i

nter vi
aware teachers weraf the affordances and possible constraints of the textbook to their

e ws w a seackednmadderctd establishf how

practice, in light of the results obtained from chapéand 7about how teachers mobilde
the textbook. Baxter and Ja(2008 caution that

one danger associated with the analysis phase is that each data source woalgde tre
independently and théndings reported separatelyhis is na the purpose of a case

study. Rather, the researcher must ensure that the data are converged in an attempt to

understand the overall case, not the various parts of the case, or theutiagtfdictors
that influence the cagp.555)

The interviews in the study were used to confirm and substantiate the claims the study
made about how teachers appropriated the affordarfeeghermore,tie chater was
not meant to be an ddepth analysis ofhe interviews but an attempd explain why

things
textbook.

Each

happened

the way they did in t

t eac her 0 squestiens pothe sneervigwoschéed{@ppendix B)

according tahe following categods was noted
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a) Curriculum and textbook: included questionsrwh at t eachers viewed
negoti abl e sléaviny grade lL0eta gradél; amd b ) teachersdé view
textbook sup-pegbtfabl ebé O6non

b) Knowing my textbook: includequesti ons on a) teachersoé opi
between the CAPS and the FBAPS textbooksandb) t eacher sé6 use of th
textbooks in planning of lessons

c) Limpopdcri sis: included questions on a) t eac
support for teachers; and b) teachersd views

Teachersdé responses were tabulated and concl
affordances of the textbook in practice.

4.7  Reporting the Study

The differentanalys andfindings of the study areeported in separate chapters of the study
as shown below; antie¢ analytical toolemployed are also discussed in each chapter.

Chapter 5: Affordances of the textbook

Chapter 6: Teachersd Mobilisati oaofTeacherAlhe Text b
Chapter 7: Teachersé Pedagogical Design Capaci
Chapter 8 Teachersé6 Awareness of Textbook Aff

Chaptero: Conclusions and Recommendations

4.8  Validity, Reliability and Generalizability

4.8.1 Validity

Maxwell 20059 def i nes the notion of validity in wt
referring t o Nt he correctness or credi bil i
interpretation, or other sort of accounto (|}
not Apose any serious phil os opheiexistehce@gdang bl e ms
6objective trecbant ocavmi ©l Cahenngaal20e)dezhoi bi d) .
Maxwell arguing that &l i di ty in qualitative research T
met hodsé it is the meaning that subjects giyv
are importanto (p.181). For Maxwell, what I
vai dity threats in their research. He ment.i

researcher with respect to the selection of data that fits the reséaschepr econcept i o
datathatb st and outd to the resear eds¢hatresearchérdqre mo ¢
should deal with.

o Limpopo is a province in South Africa where it was reported that textbooks had not been delivered to the
schools well into six months of the school year
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Cohen et al(2011) show that

it is very easy to slip into invalidity; it is both imous and pernicious as it can enter at
every stage of a piece of research. The attempt to build out invalidity is essential if the
researcher is to be able to have confidence in the elements of the research plan, data
acquisition, data processing analysigerpreation and its ensuing judgemegpt198)

Therefore after identifying where invalidity lurks, researchers can then take steps to
minimalize it as best as they can. McMillan and Schuma(2@t0 suggest strategies to
enhance validity including: use of multimethod strategies, for example, triangulation in data
collection and datarelysis; and mechanically recorded data.

4.8.2 Reliability
Cohen et al(2011) describe reliability in general as

essentiallya synonym for dependability, consistency and replicability over time, over
instruments and over groups of respondents. It is concerned with precision and
accuracyéFor research to be reliable if must
on a simila group of respondents in a similar context (however defined), then similar

results would be found (p.199)

However, as the authors point out, in qualitative research the suitability of the word
0reliabilityd is cont est eds, replgdtionovhichltald bet o d o
viewed as distorting the natural occurrence of situations in qualitative research. As such, they
note that other researchers replace reliability with other notions. For example, Lincoln and

Guba (1985)quoted in Cohen etal.,200d e pl ace reliability with ¢
applicability$d @dndustwanshenabil ityobd, whi |
6dependabilityo. De p e ndaline (1999 giso guetedan Coleen pr e f ¢

et al. In qualitative research therefore, reliability is regardedfasfit between what
researches recd as data and what actually occurs in the natural setting that is being
researchedhat is,a degree of accuracy @comprehensiveness of coverag€ohen et al.,
2011, p. 202 This means that as with validity, researchers need to addresdep@ndable

their research is.

In the study, a number of measures were put in place to address the issuestypfavalid
reliability. The major source of data for
(PDC) has been the lesson observations. However, individual interviews with teachers were
held as a way of triangulating the data. All the lesson obsengawere video recorded and
interviews audietaped for accuracy in recording what teachers were doing and saying in the
classroom; a move for ensuring both validity and reliability. Furthermore, the analysis has
been conducted very rigorously and sysgoally, and the worin-process has been
presented to colleagues at seminars, local, regional and international conferences for scrutiny
and feedback. The coding of textbook exercises was done more than once and the last time it
was done with a lapse af year in between; similarly for codes for how teacheesracted

with their textbooks.All these were done in order to ensure both credibility and
dependability. Lastly, the theoretical underpinnings of the study resonate with those of other
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studies inthe field of teachecurricular materials relationship, and some of the results
confirm results and findings of other studies in the field, thus a mark of reliability.

4.8.3 Generalizability

Generalizability in qualitative studies Ao
specific settings and subjects rathehh a n  u n i(Q@oken ®taal.,|12914, p. 2R0For

example, in ethnographic research, generalizabilgy interpreted in two ways as
o6comparabil it yod(Le€Conpte & Preissle, $IATheacharattaristigs @f the

group being studied should be explicitly described so that comparisons may be made to
similar or dissimilar groupby readers, for comparability.

For translatability the characteristics to be made explicit are those of analytic tools used.
Maxwell (2005 distinguishes between internal and external generalizability, arguing that in
the process of data analysis, it should be pointed out to whom the sionsldrawn are

generalizableThe internal generalizability refetso At he generalizabil i
withint he setti ng @.A415)gwhiteexiernal gamnatalizahility, which Maxwell
points out that it is Aoften not a cruci al |

to generalise beyoritie group being studied.

For comparability, the characteristics of the group that is being studied need to be made
explicit so that readers can compare them with other similar or dissimilar groups. For
translatability the analytic categories used in tre=aech as well as the characteristics of the
groups are made explicit so that meaningful comparisons can be made to other groups and
disciplines.

Larsson (2009 argues that on the whole qualitative studies have difficulties in avoiding
making c¢cl aims about generalization since it
studies to practical loypoimautthet ngo (p. 31), and

if someone has made a study of a classroom in the spring of 2005, it is difficult to take
seriously if there are no ambitions to say something that can be of use outside this
situation in time and spaemd the persons involvgtarsson, 2009, p. 31

Thus echoi 1999 Wew tead therebwould be no point conducting qualitative
research if there is nmapacityfor generalisation. Larsson argues for three lines of reasoning
that would enhance generalisation potential as: a) covering more of the variation in qualitative
different views;b) generalization through context similarity between the researcher and the
wider contexts; and) generalization through recognition of patternat thre similar between
research and other contexts.

In the earlier sections of this chapter, | have provided explicit descriptions of the teachers and
their school and local contexts. This takes care of the comparability that might be needed for
generaligtions. Additionally, the analytic tools which | have used in the study have been
developed from other studies, and from the data itself, to take care of the issue of
translatability in the studylhe study makes generalisations that are intéMakwell, 2005

and within similar contexts, while at the same timevpling implications for other contexts.
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48 Limitations

As with all case studieshis study is bounded by limitations. One of them is that learners are
out of view as noted. Other limitations emerge in chapters 5 through to chapter 8, and are
describedn the appropriate chapters as they emerge.

49 Conclusion

The chapter shows the complexity of the teathrtbook relationship being investigated in

the study, with changing units of analysis that are apparent on different levels of analysis.
This make the study complex but al&ateresting to see how the different units of analysis

link together to make us understand better what happens when teachers and textbooks
interact. | would like to also point to an important feature in the study which igimiplthe

chapter; that the learners are in the background. The study domsahatethe mediation of

the object of learning per se, but the opportunities for mediation that the téadbeok
interactions open up in the classrodrhe analygs commace in the next chapter beginning

with determining the affordances of the textbook.
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CHAPTER 5
Affordances of the Textbook

Even when the goals and their specificity are the same across countries or within the same

country, the precise manner in which themals are sequencedtextbooks will likely

vary. Thi s is the fAsignatureo of a textbook, i ts
structure by which tpresent the prescribed content.

(Valverde et al., 2002, p. b3

51 Introduction

The purpose of this study i s trdexthooksia thdiri gat e
practice.In other words, the study seeks to explore how teachers apprdgtatven, 2009

Wertsch, 1998 the affordances of the textbooks, which begs the questwiat these
affordancestd he t e ac h e r This qupstioa guidesadhe exaloraion in the present
chapter, in which the textbook @&alyed f or i1 ts affordances to t
conjecture iIis that teachers Owor rogmdoteaadhout t w
the content that is supposed to be taught as well as how to teach that content. These are
inevitably the components of the structure of the textbook, and therefore | argue in this study

that, analysing the textbook for its affordances to thetc her 6 s practice i s
analysing the structure of the textbook.

From chapter 2 of this study, the structure of the textbook which describes how the textbook

is organised and what is contained in the textbook, is said to communicate particular
mathematics content, plus its sequencing and exemplification together with a particular
orientation towards that content the textbook wants to co(Beywn, 2009 Ensor et al.,

2002 Remillard, 2012, which Valverde et al(2002 refer to as adanci ng da di s
pedagog c a | mo d eThevefor¢, panalysing the structure of the textbook implies

anal ysing the particul ar mat hemati cs conten
particular approach towards the teachamgl learning of thatontent.Thus, | argue drther

that the textook furnishest wo di st i nct affordances to the
mathematical conterds well as thepproach to the teachingnd learning of the content,

referred to henceforth as thententand theapproach.

I argue that analysing the affordanstwyg of t
therefore constituteanalysis of thecontentand theapproachof the textbook, for which a

framework for analysis is needed. However, | have to declpfront that what the analysis

here does not do is to make value judgements about the textbook itself in terms of how
06goodd or not the textbook i s; the anal ysi s
actual characteristics of the textbookfoe ac her sé practi ce.
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5.2 A Framework for Textbook Analysis

In this section, | develop a conceptual framework for analysingahtentand theapproach
of the textbook.

5.2.1 The Mathematical Content

The mathematical contentonsists of thenature of thecontentwhich describes theontent
areasthat comprise the topic on functions at grade 10 level in each textbooknaftre of
contentalso depicts the ordering of the content areas in the textbooks. Hentatuhe of
contentis about which contentr@as under the topic are emphasised by the textbook and in
what order.

5.2.2 The Approach

The approachof the textbookis described through how tlententareas are partitioned, as
well asthrough the kinds of actiorte textbook developers expect ofrleerswhen dealing
with the content. Valverde et.a{2002 refer to the partitioning blocks of content as
presentation formafsand theactionsexpected of learners agrformance expedians. The
presentation formatsinclude aspect such as definitions, worked examples, practice
exercises, and so forth. Tperformance expectations the study represent the actions on
function tasks(Leinhardt et al., 1990expected of learners, for example, substituting,
drawing graphs using poHiy-point plotting and so forth. Of critical importance to the
approach in the textbook is the sequencing of tpesgentation formatandthe performance
expectationsThe sequencing of theresentation formatpoints to particular approaches to
the teaching and learning of the content, referred to a¥dbasideductiveand thequast
inductive approaches The sequencing operformance expmations on the other hand,
conveys a particular approach to the teaching and learning of functionpoitiigvise
approachor the global approachto the teaching of functiond&Even, 1998 The diffeent
approaches are described in detail in the next sections.

5.2.2.1 The QuasiDeductive and Quasilnductive Approaches

As the analysis shall show, the introduction of sametent areadegins with some form of
explanatory text, that is, a narrative aefinition, followed by practice exercises, while in
others, the introduction is done through activities that give learners opportunity to firstly
engage with the concepts and draw conclusions before worked examples or suraraaries
provided in the textbdo These two examples illustrate two differeaggproachesto the
teaching and learning of tlentent

In chapter Zand my review of the literature, | discusdeasor et ab €002 identification of
two dominantpedagogic approachesm mathematicgextbooks as theleductiveand the
inductive pedagogic approacheagspectively. In theeductiveapproach the textbook states

®The stidy notes the existing tension between inductive/deductive reasoning in mathematics which
distinguish between abstraction and generality, versus inductive/deductive pedagogy which distinguish
between didactical and investigative approaches in teaching
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definitions, which are then exemplified, and then learners would be given opportunity to
practice. Thenductiveapproachon the other hand starts with learners engaging in a range
of activities relating to the concept to be discussed, the engagement which leads to
definitions, and possibly to practice exercises as well. Recruiting from these authors, the
study coins thejuastdeductiveand quastinductive approachegp describe the sequencing

of the presentation formate the textbooksin this study hence, thapproachin which a
content aredegins with an introductory exercise meant to engage learners in some form of
discove vy , or ombOolkRaaméygement p e rquastiaductive approaehf er r e d
On theotherhand, in instances where the content area commences with an explanatory text
or worked examples followed by practice exercises, that is, where a concepirrisdl
through worked examples, then this is termedjuasideductive approachThe quast
deductiveand quastinductive approachesorm part of the framework for analysing the
textbook.

5.2.2.2 Pointwise and Global Approaches to Functions

The content areais the textbooks identified in this chapter show an underlying linking of
representations in the teaching and learning of functions. For example, given an equation of a
function, it can be represented as a tableafies,or as a gaph; or the graph of an equation

can be sketched by interpreting the properties of the function withourghevdraw a table

of values.This illustrates the difference between the pointwise approach and the global
approach to functiongEven, 19901998, which were discussed in chapter ¥hen the
graphing of functions from their equations is achieved through -pgipbint plotting of

points, or when values are read from a given graph, this is approaching a fpoatiwise

On the other handsketching of functiondrom their graphs by looking at the function in a
more holistic and interpretive manner and such examples which consider the behaviour of the
function holistically, are examples of approaching functigtabally. The pointwise and

global approaches to functions depend on the kinds of actions on functions task, and therefore
the performanceexpectations of the learnershus, depending on the sequencing of the
presentation formats in the content area, the concegtifumction conveyed in the textbook

could be strictly pointwise; strictly global; a progression from a pointwise to a global
approach; or it could depict a flexibility of movement between the pointwise and the global.

The pointwise and global approachts the teaching of functions are included in the
framework and they point to the approach to the teaching of functions that the textbook
affords to the teacherds practice.

5.2.3 The Framework

Drawing fromthe literature mentioned above and from chaptefrthis studythe framework
for analysing the affordances of the textbook is suggested as shéwgbii.

In the frameworkn Fig 5.1, the structure of the textbook divides into two main categories as
discussed: thenathematics contentind theapproachto the teaching and learning of this
content. Thanathematics contewlepicts thenature of contenfrom which is determined the
content areasand theirordering. The approachdivides into theorganisationof content

61



which yields the kinds gbresentatio formatsandperformance expectatiorisatured in the
textbook; the sequencing of tipeesentation formatsvhich points to whether thapproach
adopted isquastdeductiveor quastinductive as well as to the sequencing pdrformance
expectationshat deéermines the conception of function conveyed with respect to whether the
expectedctions on function taskamploy pointwise or more interpretive global strategies.

Content areas

Ordering of content
areas

Nature of content

Mathematics

Content
. . Presentation formats
Organisation of
content
Performance
Sructure of expectations
Textbook Sequencing of
presentation
Approach formats Quasi-inductive/

deductive approach

Sequencing of
performance
expectations

Pointwise/ global
approach to Function

Fig5.1 A Framework for Analysinghe Textbook

In the next sections, the analysis of the textbook is undertaken starting witbntieatand

then followed by theapproach As stipulated in chapter 4, there are two editions of the
textbook, the PHCAPS and the CAPS textbooks, respectiveinder consideration in the
study for the reasons already outlined, and since teachers utilise these two textbooks
interchangeably, thenalyss are performed on both of them unless otherwisedstate

5.3 Analysis of the Mathematical Content

The two tetbooks under consideration in the study namely, theGAeS and the CAPS
textbooks, feature similar mathematical content since the curriculum requirements from the
NCS" to the CAPS curriculum did not change for the topic of functions at Grade 10.
However there is one major difference in the composition of the chapters dealing with
Functions involving trigonometric functionk the PreCAPS textbook, a chapter is devoted

to trigonometry and trigonometric functions, where trigonometry is introduced dofirgt

time to learners. This leads to the study of trigonometric functions. In the CAPS textbook,
trigonometry is done separately and introduced prior to the introduction of functions.
Trigonometric functions are then incorporated in the chapter fegttnansformations and
interpretation of function properties. Furthermore, in the lesson observations, there are very
few occasions where trigonometric functions feature. As a result of these discrepancies,

1 The NCS (National Curriculum Statement) refers to the curriculum statement in place prior to the CAPS
(Curriculum and Assessment Policy Statement) which was implemented at Grade 10 in 2012
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trigonometry and trigonometric functions haveeh excluded from theanalygs of the
textbooks. However, there are lessons in which content on trigopnometric functions appears,
but these shall be dealt with as they arise.

The analysis of theontententails identifying the content areas featuringhia PreCAPS

and the CAPS textbooks (excluding trigopnometric functions), and then indicating how they
are ordered. An indepth analysis of the content in each textbook was undertaken and the
results compared to compile a summary of the critical content desdured in both
textbooks as illustrated g 5.2.

Definition of Setching graphs

) Determining
Representations / 1. Notation/ \ / Interpretatlo} equationsf
of functions graphs

\Termmology / \\Funmons

Domain and

Interpreting
Renge

sketch graphs

Function notation

Efect of qin y=af(x)

Graphing

fundions / Propertles of Transformatlon of
Propertlesof Functions Functions Bfect of ain y=af(x)
functions \\ \

Fig 5.2 Content Areas and their Ordering in the-B®&PS and the CAPS Textbooks

Fig 5.2 showsfour major content areagCA) featuring in thePreCAPS and the CAPS
textbooks. These includtotation/Terminologyvhich consists of introductory aspects of the
topic of function, for example, the definition of function, representations of functions, domain
and range of a function, and illustratinghéion notation.Properties of functiondprms the
second content area and comprises the graphing of the function classes and determining their
properties The double arrow betweeNotation/Terminologyand Properties of Functions
illustrates that the uts between the two content areas can be interchangeable in the two
textbooks. For example, in the FEBAPS textbook, the graphing of functions is included in
both the first and the second content ardasansformation of function$orms the third
contentarea under which the effect of the parametérand rj in functions of the form

W W@ 10, are explored. This is falved by the last content ardaterpretation of
functions,which involves sketching graphs given equations by interpreting therpespef

the given equation, determining equations of given functions, and interpreting sketch graphs.

Thus, the two textbooks afford the teacher with the aforementioned content areas in which
issues of notation and terminology are dealt with first, foldwby the graphing of the
guadratic function, the hyperbola, and the exponential functions, together with the
identification of their properties. The vertical transformations of the functions, reflections
over thewraxis, and the vertical stretch of these functions follow the identification of their
properties. The last aspect that the textbooks expect to be taught and learned is the capability
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to interpret functional properties; to be able to determine an equati@ngiven graph
through interpreting its properties, and to be able to sketch a graph of a function given its
equation without poinby-point plotting, but by interpreting the properties of the given
equation.

The description of the content areas aboweaborates the curriculum requirements for
grade 10 functions which state that learners should be able to

discover shape, domain (input values), range (output values), asymptotes, axes of
symmetry, turning points and intercepts on the axes (where appledbé i nvesti gate t
effect of @andn on the graphs defined bp ¢B8Qw né. sketch graphs, fir
equation of given graphs and interpret graf@aPS, 2011, p. 24

The content areas in the REAPS and the CAPS textbooks cover the dbjes of the

curriculum statement above on grade 10 functions, thus confirming that one of the
affordances of the textbook to the teacher 6.
and act as the O6pot en(Vaeidddeyal.i200pl ement ed curr

The findings in the analysis of tlententabove do not necessarily mean that all the content

in the two textbooks is similar. There are some differences in the nature curtemt but

which do not pertain to the content areas. However, it is beyond the scope of the present
study todelve into those differencedll that the findings are pointing to are the major
content areas and how thag &rdered in the textbooks.

In the next section, the analysis of gygproachis undertaken.

5.4 Analysis of the General Approach to the Teaching and Learning of
the Content

The analysis of the approach of the textbawks conducted in two stageBirstly, the
presentation formats in dadextbookwere identified and their sequencing determined, to
guide whether the approach to thectdag and learning of content wagsiasideductiveor
guastinductive Each textbook waanalysedseparately and then the results compared. The
second stag&vas the identification of performance expectations in order to determine the
approach to the teaching of functions through the sequencing of the performance
expectations.

5.4.1 Presentation Formats in the PreCAPS Textbook

The analysis bean with identifying the different partitioning blocks of content in the
textbook and coding them. These constdulbe presentation formats the chapters dealing

with functions. For examplé&ig 5.3 shows an extract taken from the-B#&PS textbook, to
illustrate hav the process of analysis was conducted. In the extract, different presentation
formats are numbered, and then coded.
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fationjinputiandioutputivaluesinn |

Before we learn more about the basic properties of graphs, we first need to deal with

some terminology and notation.

General discussion

« « Consider the equation y = x?. We can also use the f-notation to represent

1. This shortnarrativeis
considered as a
presentation format and
coded(nr)

this equation. For example: f(x) = x%. (f stands for function). We will deal
with functions more formally in later grades.
= We can think of the f-notation as a number machine. In f(x) = »?, if we put
" xinto the machine, then x? will come out at the other end.

INPUT ~J L- OUTPUT
—— .

2 independent _ ™ dependent A
variable variable
The x is the input value or the independent variable.
The x? (or f(x)) is the output value or the dependent variable.
We can think of the equation y = x? as the rule that connects the output
and the input values.
We refer to the output as the value of the function at x, or f(x).
The pair of numbers (x; f(x)) or (x ; y) is an ordered pair. Such ordered pairs
give points on the graph of f.
« For any one input value, a function has only one output value.

2.Thegeneral
discussiorprovides
detailed notes and
explanations of
concepts. It is coded

~

J

ompmy, This graph has two
output values for the
one input value as
Y x shown.
output 2

= The symbol for function (f) can be replaced by any letter of the alphabet but
is usually one of the following: g, h, i, j, k. I, p, q, r, 5, t, u or v.

« For a function, the set of independent variables values is the domain of the
function. The range is the set of dependent variable values.

Fig 5.3 A narrative and a general discussion from the®&@S textbook

(Laridon et al., 2008, pp. 26265

In Fig 5.3, two presentation formats adentified, nanely a shornharrative, which iscoded

as (r) that intoduces the section, andganeral discussigncoded asgd) which provides
detailed notes, illustrations and explanations of the elements of the content area. A page that
follows in the textbook shown ifig 5.4 shows two more presentation formats, namely
worked examplewhich are coded asvg), and therpractice exercisegiven the code ofpf).

Examples
FGivenx e {—1,0,1, 2}:
a) Calculate the output values for each of the following functions.
b)  Write down a set of ordered pairs that represents each function.
¢) Draw a graph of each function.
d) Is the graph discrete or continuous? Explain.
1. f(x) = x2 2. glx)=2x—1
Solutions v
1. a) f(-1)=(1)=1 f(OH=02=0 a4 -
f()=1>=1 f(2)=2"=4 3(-
by F={(=1;1),0;0),;1)2;:4))} 2
¢) The graph of f consists of the four discrete
points marked with (=). L I
d) The graph is discrete, because the domain 7[2 7‘., ) !l 12 '3 =
consists of a set of discrete values. —1f-
2. a) g-1N=2x-1—=-1=-2—1=-3 y
8(0)=2x0—-1=0—-1=-1
g=2x1—-1=2—1=1 3 ®
g2 =2%x2—-1=4—-1=3 En
b) g={(=1;-3)%;—=1);1)2;3))} 1 -
¢) The graph of g is shown by the four discrete L L L
points marked with (=). -2 -10 T2 3 =z
d) The graph is discrete, because the domain -1
consists of a set of discrete values. =2
®_3
L

Exercise 11.3

+ Work on your own.

LO2 AS10.2.1 AS10.2.6

I. Consider the following set of ordered pairs, which is the function
f=1{€0; 0), (1; 1), (2; 4), (3; D}

a) List the input values. b) List the output values.
¢) Draw the graph for f.
A (i) Calculate the output values for each of the following functions.

(ii) List each function as a set of ordered pairs.
(iii) Draw a graph for each function.

3. Worked examples art
coded(we)

4. Practice exerciseare
coded (pr)

Fig 5.4 Worked Examples and a Practice Exercise from th€ RRS textbook

(Laridon et al., 2008, pp. 26265
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The practice exercises Fig 5.4 are not necessarily similar to twerked examplesvhich
precede them. For example, there are warked examples in the section which involve
evaluating function values from a set of ordered pairs, and then drawing the graphs which are
both discrete. The practice exercise shown includes more questions which are not shown in
Fig 5.4 due to lack of sga, but which include: evaluating function values for various

functions given in functional notation; evaluating function values with a variable as input
instead of an integer, for example, evaluatigo FiQ & AT R® p, given Qw

—. Other questions include finding the inpedlue if given the output for @pecified
function. The practice exercise includesntextual questions as welh other words, the

practice exercises aremnnecessarily a replica of the worked examples, but feature extra

guestions which demand more skills than those demonstrated in the worked examples.

There are four more presentation formats which are different from those already shown in
this textbook. TRy include a set of questions referred t@etsvity, coded asact); and three

types of @d of chapter exercises calledeck your skillgiven a codedh), apply your skills

(ap), andproblem solvindps) exercises. An example of such activity is shavn in Fig 5.5

w Activity 13.3 «
+ Work in groups of six.
l. a) Assign to each member of the group a different function from the list below:
(i) y=ax
(i) y=ax?
(iii) y=14
(iv) y=a2
(V) y=asinx
(vi) y=acosx
b) Each member must plot graphs of their function for the following values of a:
1,2,3,-1,-2,-3, Jand - 1.
Once each group member has plotted graphs of his/her assigned function he/she
must meet with members from other groups, who have been assigned the same
function, to discuss observations about the effect of different values of a on:
a) average gradient over various intervals
b) intercepts on the axes (if there are any)

L02 AS10.2.1 AS10.2.2 AS10.2.3

¢) turning points (if any)
d) any other features that were noticed.

3. Learners then return to their original groups and

a) identify effects that are the same for all functions
b) write a group report on these general observations.

. For assessment purposes each group is then to submit:

a) all graphs drawn by each member
b) the observations made for each function
¢) the group report on general observations.

Fig 5.5 An example of aactivity from the PreCaps TextbookLaridon et al., 2008p. 323

The extract shown iRig 5.5 is amactivity on investigating the effect of the parameten the
equations of the formg @ "@ . This particularactivity is not preceded by another
b uding thesequétioris bf dumcgods glven
i nf or mat iworked exanpleéwd) folloveed bynasset wfi t h
practice exercisesThe activity thus gives opportunity for learners to engage with the
functions of the formwd @ "@ and be ble to draw conclusions about the effect of the
parameterd (and its negation, ) on the functiond "Qw before worked examples which

presentation format,

sufficient

utilise the generalisations drawn from tuetivity are demonstrated.

With respect to the presentation formats ie ®reCAPS textbook, a total of eight were
identified as shown irfrig 5.6. However, since there was omlge narratve, | grouped it
together withgeneral discussionto form a presentation format which | cadlxplanatory
texts(exp. Theworked exampleandpractice exerciseeemain distinct presentation formats
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because they are not the same, but | have grouped the thre&avapter exercises into a
category of presentation formats which | call #desessment exerciséss). A list of all
presentatioriormatsin the PreCAPS textbook is presented in Table 5.1 below.

Identified presentation formats Final categories of presentatig
formats

Narrative nr Explanatory text exp
General discussion gd

Worked examples we | Worked examples we
Practice exersie pr Practice exercise pr
Activity act | Activity act
Check your skills exercise ch | Assessment exercise as
Apply your skills exercise ap

Problem solving exercise ps

Table 5.1 Presentation formats in the-BAPS textbook

Table 5.1 shows that therdPCAPS textbook yielded total of five presentation formats,
namely,explanatory texts (exp); worked examples (we); practice exercise (pr); activity (act);
andassessment exercises (dr)order to determine the approach in the-@APS textbook,

the sguencing of these prestation formatsvas explored and thiss reported in the next
section.

5.4.2 The General Approach in the PreCAPS Textbook

A process of analysis for the approach in the ®A®S textbook is presented in Table 5.2.
To reiterate, thasresults include the two chapters dealing with functions in theCRRS
textbook excluding the chapter on trigonometry and trigonometric functionsdsten 5.3
for details).

In the analysis, the subheadings in theptéis dealing with functions welisted in the same
order that they appesd in the textbook. The content aregbbreviated, CA, under which
each subheading featuracsthen identifiedas follows:The first content area was referred
to as CA1l, the second content area as CA2, the thi@AS8, and the fourth content area as
CA4. Then the sequence whidfe presentation formats followed waetermined by
indicating with a number how they foll@sl each other. Hoexample, if worked examples
came first undera particular subheading, this svandicated with the number, The next
presentation format as numbered ii, and so forthThe final deision on whether the
approach wagjuas-deductive or quasnductive wa based on whether the sequencing of
presentation formats in a subheadingdpegith an activity or the explanatory text/worked
examplecombination. If the sequence of presentation formatsrbegth anactivity (act)
then theapproachwasquastinductive andquastdeductivef the sequence begavith either
anexplanatory text (g or worked examples (we)
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Presentation Formats

Sequencing of Presentation Formi

Subheadings Content area S5 % = 8 é o direction of progression The Approach
23 2o 89 > | 25
S| XE 589 S | 89
%1 8¢ sg 5 | g8
Wwe =3 ao < | <3
Drawing graphs of ii, iv i, i act exp | act | ex uastinductive
functions Notation and Terminology ' P P q
Notation, input and outpy (CA1) - .

ii iii iv exp we | pr . .
values quasideductive
Features of curves ) ) ii iii iv i act exp | we | pr quastinductive

- : Properties of fuctions (CA2) ; - ; ;
Mathematical modelling i ii exp act quastdeductive
Assessment exercises ch, ap, ps| as
Symmetry (reflections) Transformations of functions | ii i act exp quastinductive
(CA3)
Average gradient Properties of functions (CA3) i i ii exp/we | pr guastdeductive
Functions of the form Transformations of functions i act
W B (CA3) guastinductive
Finding the equation of a
raph, given sufficient . . i, i iii we we r uastdeductive
graph, g Interpretation of functions P q
information (CAd)
Sketching graphs, given . : . .
o . i, i, iii iv we we | we | pr quastdeductive
the defining equation
Functions of the form Transformation of furtions : quastinductive
o remrm (CA3) i act
®W B
Drawing and interpreting Interpretation of functions e v we we [we | we |pr quastdeductive
sketch graphs iv
(CA4)
Focus on gradient Application of function i act
(modelling) properties (CA4) guastinductive
Assessment exercises ch, ap as

Table 5.2 Determining the Presentation Formats in th&CRRS Textbook
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Table 5.2 shows some patterns in the sequencing of presentation fokthatdheadings
begin with anactivity, an explanatory textor a worked exampleFor the subheadings
beginning with aractivity, either theactivity is on its own and the next subheading follows
immediately, or thenext presentation format is aexplanatory text For the activities
followed by anothe subheading, those subheadings all begin with worked examples. This
means that the quasiductive approach in this textbook involvesquences which begin
with anactivity followed by anexplanatory texor worked examplesable 5.3 provides a list

of all subheadings which advance the quiaguctive approach in the R@APS textbook.

Subheadings advaimg the quasinductive approach| Content area
Drawing graphs of functions CAl
Features of curves CA2
Symmetry (refletions) CA3
Functions of the formn  BQ® CA3
Functions of the form& BQw 1 CA3
Focus on gradient (modelling) CA4

Table 5.3 Subheadings advancing the giraliictive approach in the R@APS Textbook

All the subheadings in Table 5.3, exceptforéhe ocus i n gradientd whic
modelling exercise, belong to the first three content areas (CA1, CA2, CA3) and involve
generalisations of the properties of the function classes investigated and their transformations.

Going back to Table .8, the sibheadings which begin with agxplanatory textand/or
worked examplegeflect some patterns in their sequencing of presentation formats as well.
They fall into twvo groups: those which involvexplanatory textand those which do not
include it. Tabé 5.4 lists these subheadings and the content areas in which they belong.

Subheadings beginning wit | Contentarea
exampl es o
Notation, input and output values CAl
Mathematical modelling (pperty of functions) CA2
Average gradient CA3
Finding the equation of the gragkven sufficient information | CA4
Sketching graphs, given the defining equation CA4
Drawing and interpreting sketch graphs CA4

Table 5.4 Subheadingslvancing the quasieductive approach in the FEAPS Textbook

The first three subheadings in Table 5.4 involve definitions or explanations and descriptions

of terminology, andhereforebegin with anexplanatory textvhich is then followed with a

worked example(gndpractice exercise The exception i s t hieal subhe:
model |l i ngb wdmi actifity after ihe explanatory tetx For the last three
subheadigs their sequences involwgorked example®llowed bypractice exercisesrhus,

the quastdeductive approacim the PreCAPS textbook is advanced in subheadings where
terminology and definitions have to be provided as well as in subheadings under toa CA4
interpreting and applying functional properties.

To conclude, the Pr€APS textbookdisplays a mix of quasieductive and quasnductive
approaches and therefore cannot be labelled as privileging one over the other, but does so in
particular content r@as. For CA2 and CA3 where the properties of functions and their
transformations are introduced, the textbook advances a-igdastive approach that is
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investigative and encourages engagement with the concepts before explanations and worked
examples carbe offered.On the other hand, for CA1 which involves the introduction of
notation and terminology for functions, together with CA4 where the functional properties
are interpreted, the R@APS textbook privileges a quadeductive approach in which
concets are introduced through worked examples.

5.4.3 Presentation Formats in the CAPS Textbook

A similar procedure to that utilised in determining presentation formats and treaelppn

the PreCAPS textbook ws adopted herein. The two chapters that de#i wie topic of
functions in the CAPS textbook weamalysedfor blocks that partitiorcontent The first

level of analysis yielded ten (10) different types of partitioning blocks whose descriptions are
provided in Table 5.5: aarrative an explanatory éxt a note box a graphic worked
examples practice exercisesan introductory exercisesummary tablesand two end of
chapter exercises, nametheck your skillendextend your skillgxercises.

Presentation format Description

Narrative A generalstatement about the chapter or subheading

Explanatory text A brief explanation of the aspects being dealt with, including
definitions. Not as detail-e
CAPS but serving similar purpose

Note-box 6boxedd ithatfisaleemedtimpartant for each worked
example or question to which it is attached.

Graphic A photograph related to content being dealt with

Worked example An example of an aspect under discussion usually used to

illustrate a procedure for tacklingrdlar questions. In these
chapters it usually precedes a practice exercise

Practice exercise A set of exercises giving learners an opportunity to practice
aspects being illustrated in the worked examples
Introductory exercise A set of highly scaffoldé investigative exercises intended for

learners to probe a particular aspect or aspects being dealt w
under the particular sub-EAPS
textbook

Summary tables Provides a summary of the properties of each function class
Check your skills exercise Given at end of chapter as revision exercises for the content (
it in the chapter

Extend your skills exercise Extends the revision with more challenging questions and rea
application of content. Follows after thleeck your skills
exercises

Table 5.5 Descriptions of Presentation Formats in the CAPS Textbook

Of the ten presentation formats in Table 5.5,nb&box graphic and summary tablegre
new to the CAPS textbook, meaning that that they do not feature RréCAPS textbook.
Theintroductory exercisés similar to theactivity in the PreCAPS textbook. Examples of a
notebox and asummary tablen the CAPS textbook are shown kg 5.6 andFig 5.7,
respectively.
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 Given that f (%) = 3, determine the _val_ﬁes of -
W

Solution - . - e Note

a) f(s) =2(3)—3 v_ b) f(=3)=2 (‘.‘3)."'; 3 : Although the letter f
L g - = -5 is often used in functional
- S notation, other letters can
“ <) f( —"%) : 2 (*%) =3 . also be used.

.. =5

Fig 5.6 Anoteboxin the CAPS Textb.oo(Pike etal, 2011, p. 131

The noteboxesin the CAPS textbookimilar to the one siwn inFig 5.6 aboveare attached

where appropriate to worked examples, or questions in introductory exercises and provide an
explanation, a clarification or a description relevant to the example or@uéstivhich they

are attachedWhile they serve aimilar purpose to explanatory texts, they are placed
strategically. The worked examples and questions where note boxes are attached shall be
identified with a lettet.

The parabola y = f(x) = &?

The function y = f{x) = #* is a quadratic function.

+ The graph of any quadratic function is called a parabola.

« The domain of ¥y = f(x) = &? is the set of real numbers,
R = (—o; o).

« Therangeofy=f(x) = «is{y/y > 0} or the closed / open
interval [0; ).

« Theline x = O is the axis of symmetry of y = f(x) = &*.

« Asthe values of x increase from —ec to 0 the values of y = f(x)

decrease and as the values of x increase from 0 to o, the values
of y = f(x) increase.

« Asketch graph is drawn to show the general shape of a curve,
any intercepts on the axes and any asymptotes or axes of
symmetry. This is a sketch of y = f{x) = x*

¥

=0

(1:1)

of Axis of symmetry x

Fig 5.7 Asummary tabléor the Parabola in the CAPS Textbaékke et al., 2011, p. 153

Fig 5.7 shows aummary tabldor the parabola)y w in the CAPS textbook. Akummary
tablesin the CAPS textbook are preceded by the investigatitreductory exercisesn
determining the propges of the function classeBachsummary tablgrovides a summary
of properties for each functiorlass investigatedAs with thenoteboxes,summary tables
also serve a similar purposedgplanatory textsand so are coded asp.
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A list of final codes for the presentation formats in the CAPS textbook are listed in Table 5.6

Presentation format Codng Comment

Explanatory text exp Includes narratives and summary tables

Worked example we

Practice exercise pr

Introductory exercise act

Assessment exercises as Includes end of chapter exercises: check your
skills exercises and extend your skilieecises

Graphic gr

Note- box t

Table 5.6 Presentation Formats in the CAPS Textbook

Thus there wereseven different presentation formats partitionicantent in the CAPS
textbook.Five d these presentation formats wesieilar to those in the PIEAPS textbook,
namely,explanatory text, worked examples, practice exercise, introductory exercise/activity
and assessment exercisd@$ie noteboxesand graphic were the only ones unique to the
CAPS textbook.

In the next section, the sequencing of thesesgmation formats is explored in order to
determine the approach to the teaching and learning that the CAPS textbook advocates.

5.4.4 The General Approach in the CAPS Textbook

A similar process of analysis as followed in the-BAPS textbook has been folled to
determine whether the approach in a particular subheading and contentaargaast
deductive or quasnductive. The only difference is that since both tio¢ée boxesand the
graphicsare attached to another presentation format, in the an#igsisvere shown as such
and didnot appear on their own. For example, an entry undeked exampleshown asi(t)

in the analysis tablmeans that the/orked examplesere a second presentatif@mnmat under
the subheading and hadotebox attached totj while a ii(g) means the second presentation
format with a graphic attached’he results of the analysis for the CAPS textbook are
presented in Table 5.7
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Presentation Formats

Sequencing of Presentation Formats

> > c
S S o — :
Subheadings Content area ‘§ o = %_ Q9 ‘g o g direction of progression The Approach
8§39 e [8c |8o_|%
¥ 55T (85 S3%|8q
i) =5 A58 EfisSi2d
The relationship betweey i, iii i ex we ex uastdeductive
two variables Notation and ' P P q
Domain and range Terminology i ii(t) iii exp we(t) | pr quastdeductive
. . CAl I _ } . .
Function notation ( ) i ii, iii(t), iv, v(t) vi exp we ‘)Ne(t we we(t) | pr quasideductive
F.unCtlonS a.”d graphs i, iii, iv iit), v vi exp we(t) | exp | exp we pr quastdeductive
(linear functions) Interoretation
Sketch graphs, restricted CA 4p
domains and finding the i, i iii we we pr quastdeductive
equations of straight line
Functions and grapBs Properties of it
(parabola, hyperbola, functions iv, Vv, Vi, vii :i‘i"( ) act act(t) | act | exp exp | exp | exp | quasiinductive
exponential function) (CA2)
Assessment as
exercises
Investigating Functions i(gr) exp(g)
Average gradient (CA3) i i, i exp | we we quasideductive
The effect ofin
@ GBQ® on the graph . i, i, iii act act act guasiinductive
of & "06 Transfo.rmatlon
— of functions
The effect off] in (CA3)
W BQw nonthe iv, v, Vi, vii i, i, ii act act act | exp exp | exp {exp | quastinductive
graphof @ @@
Sketch graphs i ii(g), ii, iv(g) v exp we(g) | we | we(g) | pr quastdeductive
Determining the equatiol| Interpretation of| i ii(t), i iv exp we(t) | we | pr guastdeductive
of a graph functions
Interpretation of sketch | (CA4) i, ii(t), ii we we(t) | pr quasideductive
grapls
Assessment ch as
exercises ext

Table 5.7 Determining the Presentation Formats in the CAPS Textbook
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As with the PreCAPS textbook, the sequencing the presentation formats showeso
distinct paterns: where the sequence begai anexplanatory texor worked exampleand
therefore exhibiting aguastdeductive approachor where the sequence begaith the
introductory exercise/activitgnd hence a quasiductive approach. Furthermoras in the

Pre CAPS textbook, particular subheadings and content areasatepiparticular approach:

all of the subheadings under CA1 (notation and terminology) and CA4 (interpreting and
applying functional properties) adept a quasideductive approachwhile for CA2
(properties of functions) and CA3 (transforroas of functions) the approach svguast
inductive

Additionally, the study of linear functions which only features in practice exercises in the
Pre CAPS textbook is included in the CAPS textkoHowever, since the assumption is that
linear graphs have been introduced already in prior grades, here they are brought in, in a more
interpretive manner, unlike the other function classes (quadratic, exponential and hyperbola
functions) which are begnintroduced for the first timeAs such, the subheading feang

linear functions featurednder CA4. Thus, the CAPS textbook as widle the PreCAPS
textbook, didnot privilege one approach ovéne other, but adoptethe quastinductive
approachin the content areas wheegeneralisation of properties sveequired; and guast
deductive approactvhere procedures weexemplified.

The next section examines the performance expectations of the textbook and the approach to
the teaching and learning ofrfctions advocated

5.5  Analysis of the ContentSpecific Approach

In the framework for analysing the textbook developed in earlier sections of this chapter, it
wasfrom the sequencing of performance expectations in the textbook that the approach to the
teading of functionscould be determined in the textbook. In this section, the performance
expectations of the textbook with respect to the expected actions of learners on function tasks
wereidentified and their sequencing examined in order to determintherhilne approach to

the teachig of functions in the textbook wamintwise or global. It is important to clarify

that this section does not delve into an indepth analysis of the mediation of functions as in the
conception of functionthat learners hayéor example, th@ction andprocess conceptiorts
functions mentioned in chapter 2

In chapter 2, the study mentioned the action and process conceptions as conceptions of
functions that learners have, andttimaorder for learners to develop covariatbreasoning,

they need to move from action conception to process conception of functions. However, to
study these conceptions and how they are manifested in the textbook, learners would have to
be brought in, which as mentioned already, is beyond theescf this study.Instead, this
sectionis an investigation of the approach to functions only with respect to the actions on
function tasksexpectedof learners from the textbooka this way, what learners do in the
classroom does not have to be studiearder to determine what actions are expected of
them.

It is also important to clarify that for this particular analysis, omlg textbook, the CAPS
textbook wa utilised for the following reasons: Firstly, as has been illustrated in previous
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sectionsthe PreCAPS and the CAPS textbooks feature simdantent areasvhich have

also been ordered similarly. It is the assumption of the study that the expetitets on
function tasksvould therefore be similar in both textbooks, prompting the studgntdyze

these in depth from only one textbook. Secondly, the analysis of performance expectations in
the studywas used mostly to determine the approach to the teaching of functions with respect
to the pointwise or global conception of function portrayedrRanalysis of both textbooks
showed that while therewere differences with which aspects of functiarere varied and

which were kept constant, the PI@APS and the CAPS textbooks both porédg similar
conception of function in these respects.

Thirdly, performance expectations wedetermined from the tasks in the textbook, which
derivad from worked examples, practice exercises, activities and end of chapter exercises;
and these tasks accoadtfor more than 80% of the textboaontent The analysiderein
entailedgoing through each and every task in the textbook on functions and as such, this
would be a highly tedigs process if both textbooks werged, hence the decision to use only
one textbook. Lastly, the CAPS textbook is the substantive riyedctextbook moving
forward with the new curriculum, and therefore a logical choice to exemplify this part of the
analysis between the two textbooks.

The analysis in this section seeks to investigate the natueetimins on function tasks
expected of larners by the textbook. As Valverde et(2D02 posit

textbooks not only put forward the content students are to learn but they also advocate
what students should be able to do with ditent. Textbook developers do not intend

to simply convey information, but to encourage behavioftips the part of students.
(p.125)

5.5.1 Performance Expectations in the CAPS Textbook

Using my own mathematics experience and also guided by the weradples where
appropriate, each task itme two chapters on functions svdranslated into expected or
anticipated actionsn the task. These actions wéhen coded and the final categories of
performance expectations determined. The proesssapproackd in a grounded manner
(Strauss & Corbin, 1990beginnng with the translation of the tasks into actions; and then
forming the actions into categories. In order to maintain consistency and coherence, two
iterations of the coding process were undertaken with a difference of a year between them,
producing fivemain performance expectationghich includel: Substitute actions, Plot and

draw actions, Read off actions, Generalise properties actemd Interpret properties
actions.

“Yehavioursd in the st udy tghhatas)ak actioes omtasksdr capabilities | ver de

expected of learners
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In Table 5.8below, the five performance expectations determined in the CAPStkxare

presented and then discussed.

Example(s) of Task Expected action(s) on Tas| Performance Description
expectation
Calculate Qw for Substitute théovalues in Substitute Involves any form of a

® G ph -fi -FFrfpig

Determine the coordinates of B

>

2/\:

the equéon of Qw and
calculate the output values

equate the equation of the
parabola to 0 and solve for
@

(equating the equation to 0
regarded as

substitution of one value in
order to calculate anothe
value

Plot the points
-FQ- h-RQ- hphQp MAT ARQg
and join then to form a smooth curve

Plot points on the Cartesia
plane and join them

Plot and draw

Plotting points on the
coordinate system in the
graphing

For whidh value(s) ofois " Qe -? Read off the values @b Read off Reading off values from
corresponding t& - on graphs
the graph
Read from the graphs the solution of the Reading off intervals from
inequality: (il @ YN Identify intervals for which the ragh
the wvalues forthe straight grap
line lie higher than the
corresponding values for
the parabola
. . , Reading off features of
Determine theyvalue af: Rea_d off themvalue of the functions from graphs
A turning point
(0; 9)
(=3; 0)
/ o \ x
The draight linew ®is an axis of symmetry | Determine the second axis Determining properties of
of the hyperbolas sketched. Write the equat| of symmetry for the functions from graphs or
of another axis of symmetry functions from their graphs| Generidize equations of functions
given thatd @is another | properties (initially)

Choose the correct option: the larger the vall
of @ T, the (further from/closer to) the

origion the graph ofo -is

Two hot ar balloons are observed. A blue onq
is 150 metres above the ground and is
descending at a constant rate of 20 metres g
minuteé. Draw graphs
the two balloons from the time they were
observed unit the time the blue balloon hits t
ground

one

Compare the distances fro
the origin of the graphs ang
generalise about the size o
®and how far from the
origin the graph would be

Construct equations of
graphs from the informatior|
given and use them to drav
the graphs

Choosing correct options ir|
order to generalise

Actions in which
generalisation of properties
is expected

76



Example(s) of Task Expected action(s) on Tas| Performance Description
expectation
R IS Interpret Actions involving
2' Wh'fhf""““’"”;f(")"'7'!(")=f:1=h(xl=§f0f%>0,y=i(ﬂ=3‘ Match a function with an | properties interpreting proprties of
andy=k(x)=(%’ has: appropriate property functions such as:
). yvalues which ncrease as ¢ Increases ;natc_hlng. properties to
b) yevalues which decrease a5 ncreases unctions;
¢ yvalues which decteaseover onesubinteval ofthe domin and increase over
ano(hersubinterval. sketching graphs of
Identify the properties of functions by applying the
Sketch the graph@d ® the function necessary for properties of functions;
sketching the graph eg
intercepts, shape of graph,
turning point
Identify the value ofj in using properties of
Determine the equation of an exponential the equation as 2 and use functions for problem
function of the fornty  ¢8Q 1y given that it | the other coordinates to fin solving
passes through the poing@t and ¢N ¢ the values ofbandQ
and has a horizontal asymptate ¢

Table 5.8Descriptions of Performance Expectations in the CAB8book

In the substitute actionsearnes wereexpected to perform some form of substitution, for
example, substituting input values to evaluate output values. These actions alsadinclude
performing some algebraic manipulation related to inputs andutsutgor example,
evaluating an input value given the output. het and draw actionsnvolved plotting of

points on the Cartesian plane and joining the points to draw a graph. In tasks where learners
wereexpected to read off values from graphs, théopmance expectatiowasreferred to as

read off. The generalise properties actionscluded all actions which involve determining
properties of functions, or choosing a correct option from a number of options in order to
generalise some properties. tlgstheinterpret properties actionmvolved actions in which
interpretation of properties waxpected, for example, in sketching graphs of functions, or
determining equations of functions from their graphs.

However, there were incidences when anaactivould produce a combination of codes, that
is, where a task involvethore than one action. For example, in order to draw a graph of a
function using poinby-point plotting, a learner might have to populate coordinate pairs by
substituting the inputato the equation to produce corresponding output values. Widss
coded asubstitutewhile the subsequent action of plotting the points on the Cartesian plane
and joining thenwascoded aglot and draw. A final code allocated to such actionasmhe

one that corresponded the ultimate task, in this cag#ot and draw.

5.5.2 The Approach to Teaching and Learning Functions

Having identified the five performance expectations, the next step was to decide on the nature
of each action category: whethére actions were pointwise or global in nature. The
Substitute, Plot and dravandRead offcategories focus on discreteimby-point strategies

and have thereforbeenidentified as pointwise actions. On the other hand, the other two
categories:Generailse propertiesand Interpret propertiesfocus on the interpretive and
holistic behaviour of functions, and therefore are global in nature. All the actions were hence
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categorised as either poiwise or global, or a combination of pointwise and global eher
appropriate.

Table 5.9 illustrates only a part of the results of the analysis. A full report indggapéo the
thesis as Appendik. The first two columns of Table 5.9 represent the content area and a
subheading (see previous sections in this chapteder which the particular task fell
Column 3 represent somtthe eexttoak®hke taszksavkemdrderedl ans | s O
exactly the same way they appsdin their respective presentation formats in the textbook.
This helpedin studying the sequenmmy of performance expectations throughout the
subheadings, content area, and chapters. The anticipated actions on task in the fifth column
represent my interpretation of the expected or anticipated performance expectations in each
task. For example, comr task 1a) in Table 5.9 about matching the graphs with their
respective equations.

Using my mathematics knowledge and experience | condltitb in order to match the
graphs with their respective equations, a leamauld use their knowledge of thaaph of

W  to match it with its graph, which requét@nterpretation of properties of thgarticular
parabola Secondly, at some point, whether as the first step or the second step, the learner
would have to substitute some points in the equatiorconfirm which graph belonged

which equation; ad lastly, the matching itself wasome form of geeralisation, since a
choice hado be made based on some properties. Thus, in general, | ptdapastherevere

three actions on this particular taskorsé in the following orderinterpret properties

A substitute”A, generalise propertiesSince the final step in the task svthe matching of the
graphs and the equations, which is a global action, the astma<lassified as global.

In some cases, faxample, in task 1d), there wetwgo distinct tasks: calculating tleverage
gradient, which requiregubstitution of values into the formula. The second teak to
compare the steepness of the graphs with the average gradients. This tasté aelgainer

to make judgements or generalise about steepness of graphs age avadeents, hence the

task hadwo distinct actionssubstituteandgeneralise propertieshich stoodon their own

In this case, the actions wetkassified as pointvise/global toindicate a mix of actions in

this task. In the first example above in contrast, the substitution was a means to get to the
matching and did not stand on its own. The last column concerns all comments about the
different performance expectations evidentdach task; and about the progression of
performance expectations in a particular task, or through a group of tasks.
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. Presentation - . Performance Nature of
Content area Subheading format Task Anticipated Action on task expectation action comment
Transformabn | The effect | Introductory | '+ h¢8raphs ofthree parabolas are given: 1:
of functions of @in exercise y=fw=+ Match a graph with its Interpret Global All performance
O O y=g®) =32 equation: decide which graph | properties/ expectations,
. 9 matches with the parent substitute/ except forread off
y=hx)=3%. function; substitute values to | generalise are evident in this
e , — check out points on other properties introductory
| | \\’\ !_4_{_(5})/0%)];) ; ]L [T graphs, and match the graphs exercise
| | | R i I
| EX-§ - LT 1. § . . . .
r !\1\1 ]/ V1T 11 Describe howtte graphs of the| Generalise Global Investigation of
— HPS ! - | e~ woao e . . .
R ]V 1 ; form™Qw o ho  mdiffer properties the effect ofiin
= =1 ]‘ from the graph ofo @ ® G on the
FEEFELRER T - graph of®d @
rh_fm_;‘.ALEL,‘_,AF:\AR + 1918 Determine the range of each o to be conducted ir]
EEREENENEN | the drawn graphs Generalise Global a global manner
properties
a) Match the number (i), (ii) or (iii) on each graph with its Calculate the average gradient
defining equation. between two given points on _ o
) each graph and compare thesq Substitute/ Pointwise/
b) Describe how the graphs of y = g (x) = 3x’and y = h (¥) = 14* | with the steepness of the generalise global
differ from the graph of the basic parabola y = f(x) = 2% graphs properties
©)  Write the range of each of the three quadratic functions that
have been drawn, 2:
Draw the graphs of the form
d) Ca.lculate the average gradient of each graph between the Qo G  m for given Substitute/ plot | Pointwise
points where x = 0and x = 1. values ofd and draw
Compare the steepness of the graphs with the average
adients between th ints.
i Compare these graphs above )
e) Repeatd) above forx= —1andx = 0. with those with®d Tmand Generalise
2. Investigate the graphs of y = p (x) = ~+and y = g (x) = —3¢ d_es_crlt_)g differences and propertes Global
a2 similarities
aswellasy =r(x) = =
a) Draw the graphs for x € [~2; 2). Determine the range of each _
b) Describe how the graphs of these parabolas compare with function Genera.hse Global
those drawn in question 1. properties
¢) Write the range of the given functions for x € R, Determine the aXIS- of -Symmetr
) ) of the graphs and wte its
d) Write the equation of the axis of symmetry of the graphs of equation Generalise Global
the given functions. propeties

Table 5.9 Determining the Performance Expectations from the CAPS Textbook
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Table 5.9 shows an example of an introductory activity under the content area, CA3
(transformationo f f uncti ons) wher e dbheone ftfheec tq uoafd rtah
"Qw  wasinvestigated. A total of eight (8) tasks and therefore eight expected actions

on these tasks, that is, bigperformance expectations, wedentified in thisactivity. In the

first peformance expectation, learners reveexpected to: interpret properties, substitute
values and generalise properties. Since the main actionsvherenterpretative, the actions

were categorised saglobal rather than pointwise, evehough therewas substitution
involved. On the wWwole in this exercise, there were six (6) actions that wérbal, one
pointwise action and @ancombination action that started as pointwise and easlgtbbal.
Hence, t he appr owasdeterminedta e glabal. 6Tdis meansi thatytte
textbook advances a gl obal approach tad t he
on the graph ofQw @ . This process waepeated for each and every task on functions in

the CAPS textbook,ral the results of this analysis are discussed in the next section.

The results of the analysis of the performance expectations of the CAPS textbook are
discussed in the next section. Since all performance expectations can be classified into
whether theyare mwintwise or globalithe distribution of these performance expectations
across content areas is important for determining the approach to the teaching and learning of
functions. This shall be reported firédllowed by a discussion of the patternssefjuencing

of the performance expectations observed across content areas.

5.5.2.1 Distribution of Performance Expectations

Table 5.10 below provides a summary of the distribution of performance expectations across
the four content areaspotation/terminobgy (CA1), properties of functions (CA2),
transformation of functions (CA3ndinterpretation of functions (CA4).

CAl CA2 CA3 CA4
Performance Notation | properties | transformations| linear | sketching | determning | interpreting totals
expectation of functions | graphs equations sketch
functions of graphs graphs
Substitute 75 Pointwise
27 7 7 13 5 7 9 (30% actions
Plot and 0 . . 5 0 0 0 14 (43%)
draw (6%)
Read off 19
0 3 8 7 0 0 1 (8%)
Generalise 53 Global
properties 0 19 20 13 0 0 1 (21%) actions
| (57%)
nterpret 0 2 8 5 11 7 57 90
properties (36%)
Totals 27 38 44 44 16 14 68 251

Table 5.1Mistribution of Performance Expectations in the CAPS Textbook

Looking horizontally across Table 5.10, it is quite notable thapkbtand drawactions are

the least occurring (6%) of the five presentation formats, followedeby offactions (8%6).

This suggests that while this is a study of functions and their graphs, the focus of the textbook
is not on the graphs per se, but on the properties of the funatidhe graphs: graphs are
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used to explicate functior(teinhardt et al., 1990 On the other hand, the mdstquentof

the presentation formats are thmterpret propertiesactions (36%) follaved by substitute

(30%) and themeneralise propertieactions a1%. Thus altogether, there are more global
actions (57%) than pointwise actions (43%) which suggests an approach to functions that is
more interpretive and towards the global.

The verticadinterpretation of Table 5.10 on the other hand points to the fact that the approach
to functiors in the textbook is rather a progression from pointwise to global actions, as
presented ifFig 5.8

H intepret properties

i generalise properties

M read off

i plot & draw

H substitute

A o
o° =
.<© (\é
N\
& &
<& o
. OQ\ '\Q’c’
& &
& &

Fig 5.8 Distribution of Performance Expectations ac@satent Areas

Two extremes are observedhig 5.8, namely thahotation and terminology (CAXpnsists

only of substituteactions whileinterpretation of functions (CA43 made up of close to 90%

of interpret propertiesactions. While the case for CA& understandable since in CAl the
notion of function notation and calculating function values through substitution is only being
introducedthe textbook expects thay the end oCA4 learners should have experienced the
functions, learned about their jperties, and can now look at functions in a more holistic
manner through their properties. The experiencing of the properties of functions is seen at
CA2, CA3 and the first three subheadings under CA4, wheneralise propertieactions

are introduced inrCA2 and dominate in both CA2 and CA3, dwindle in linear functions
(CA4) and become quite infinitesimal to reristent in CA4. Similarly for thplot and draw
actions: they start out in CA2, and become minimal in CA3 and in linear functions while
disappeeng completely in the rest of CA4.

The trend shows a decreasing number of pointwise actions (substitute, read off and plot and
draw) from CAl to CA4, while global actions (generalise properties and especially interpret
properties) increase from CA1l to @AAdditionally, whilesubstituteactions decrease quite
remarkably from CAl to CA3, they also seem to be on a rise in CA4 though not to the same
extent as in CAl. Thesubstituteactions involve calculations needed to evaluate coordinate
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pairs or feature of an equation. The textbook them®ves frompointwise actiongo global

actions thus

(1699 arfumenttihantiye pdihbmséd attea®e a prerequisite

to global actions. ®&thermore, tts reinforces the power of global actions over pointwise
actions. Of course as literaéupoints out, this does natean thathe global approach is
al way s thanthe pdineviseapproa¢Bven, 1998

5.5.3 The Differences in the Approach of the Textbooks

Once again, it is important to explain what the study is not saying with respect to the findings
in this section. It is not that there are no differences in the teachingaappsoof the two

textbooks.

In fact, the most glaring difference between the two textbooks occurs in CA2

where the properties of functions are determined. In th€RRS textbook, all functions are
dealt with at the same timé&ig 5.9 exemplifies how # two textbooks deal with the
functions: in the PRECAPS textbook, all the functions are dealt with together around a
particular property. For example, the extradfig5.9 shows that in the R@APS textbook,

in order to investigate the properties bétfunctions, the three function classes are drawn
together in the first question, and in the second question, the property of symmetry is
investigated for all functions, and similarly for the dr&haviour in questn 3.Secondly, the
function of a hyperbla used isnot a parent function, that is, the most simplest function,

Qw -
PreCAPS

1 Work in groups,

L Draw the graphs ofte olloing on separat aes. Use he table method, Inchce
b psiiv and negative valuesfor the independent variable,
J g=r )=y o
4 Look up th meaningof he word“symmety” nadcionary(r rfeto Chptr 9
fora definiton),
8) Which of the curves you hse drawn has symmetry!
D) Ity the hinefs) of symmety n each case,
3 4) Tovestigate what happens 0 the functon valuesfor each uncton when he
Values become:
(i bigger and.posiive (fo example use.x = 10; 100; 1 000)
(il smaller and negatve (for example use x = =10; =100; =1 00)
(i) closer to 2o, ether postiv or negatve
(forexample use.x=(,1; 001, 0,001; <01; 001; -0.001)
What effects do these vlues have on each graph?

CAPS

1. 'The function = f(x) = #*is called a quadratic function.

+ The graph of the function y = g (1) = %is called a rectangular

2) Caleulate the values of f(-3), fED£(=1),£0),£0),
£12), andf(3),and plot the points (~3;(~3)), (~2:(-2)),
(=Lf(=0)), (0 0)), (1, £D)), (%1(2),and (3,£(3)).
Join these points to form a smooth curve, called a parabola
(there must be no sharp points).

b) Ifthe domain of s the set of real numbers, what i the range

of f?

¢) The graph of the given quadratic function is symmetrical
about a straight line called an axis of symmetry,
What is the equation of this straight line?

d) For which valuels) of s f (1) = %?
Confirm your answer(s) graphically and algebraically.

hyperbola.

a) Calculate g (x) forx = =2, -1, —%, —i, %, %, 1,2

b) Explain‘why g (0) does not exist.

<) Explain why there s no value of & for which g (x) = .

d) Plotthepoints(-2;g(—2),(~l;g(-1),(-%:g(‘%)!

Fig5.9 Determining Properties of the Parabola in theGABS and the CAPS Textbooks

In the CAPS textbookgraph on the right iifrig 5.9), the approach is different. A graph of a
particular function kass is dealt with on its owrn question 1 inFig 5.9, the quadratic

82



function is investigated for the domaindarange, as well as for its axof symmetry. A part
of question 2 shown investigates the rectangular hyperbola in its simplest form, that is, its
parent function.

That is, indealing with properties of functions and their transformations, theCRRS

textbook varies the function while keeping the property being investigated constant, with the
reverse occurring in the CAPS textbook. Watson and M&@09 show that it is in the

midst of variance and invariance that a feature is discerned, and therefore |passiiie.

Varying functions around the property foregrounds the property itself and what it does to a
function that features such a property; while varying properties around one function focusses
on properties that a particular function possesses or does not possess. Thus the variance and
invariance open up different opportunities for the mediatioRuofctiors in the classroom

and therefore enablnd constraimlifferentactions for the teacher

The difference in variance and invariance in the approach to functions in the two textbooks
highlights that there are other aspects of the textbook that are relevaset rielationship
between teachers and their textbooks which the study does natitihealot because they are
insignificant, but due to how much the present studyfoans on. This is ondimitation of

the study, and one dfiose aspects which the studdcommends as part of further research.

The analysis in this chapter highlightise resourceghatthe textbook ur ni shess t he t
practicewith by examiningthe structure of the textbook.The examination looks at the
constitution and organisation dghe mathematical contents well asthe instructional
approach embedded in the textbookheresults of thesanalygs are used to make claims
about the affordances of the textbobko t h e praetiaectiat inckide not only the
existing resources buheir enabling ad constraining characteristic#ccording to Gibson

and Norman in chapter 2 of this study, an affordance defines not only the resource that exits
in the text but also the capacity of the resource to enable as well as constrain attien on
part of the userThe conclusions are discussed in detail in the next section.

5.6 Conclusion

In this chaptel set outto determine the affordancés. J. Gibson, 197 MNorman, 1988 of

t he t ext bo o lspraciiceas dorstitute@ ia thenséructare of the textb@@kown,
2009 Remillard, 2012 Valverde et al., 2002 The analysis of theontentin boththe Pre
CAPS and the CAP&xtbooks shows thdhe textbookprovidesth e t e @rackice with s
particularcontent areas (CAp be taught and learned a particularorder For thespecific
topic of Functions, the textbooks furnish the teacher viotlr content areasf notation and
terminology (CA1l); properties of functions (CA2)ansformations of functions (CA3nd
interpretation of functions (CA4gspectively, to be taught and learned in the order outlined.

The affordances with respect to the appro&aekie been considered in two wayststly in
general (general approach)and then specific to the content of thepic of Functions
(contentspecific approach) The general approactieterminedhroughthe sequencing of the
presentation formatm both textlbokspoints totwo approacheso the teachingnd learning
of specific conent areas The quastdeductive approachthat is more didactiés usedin
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content areasntroducing thenotation and terminology, as wedls thosedealing with
interpretation while the quastinductive approachwhich is a more investigative approach is
usedwhendeterminingpropertiesof functions and their transformatiorighus, with respect

to the general approach, the textbook offers the teacher a specific approach for specific
content.

With respect tahe contentspecificapproacho the teaching ane@arning of Einctionson the

other handthe textbook presentminterpretive approacttonstituting ofa progression from
pointwise actions to gl ob alperfamande expestatioms The s e
the CAPS textbookeflects an approaclo the teaching of Functiortbat beginswith point

by-point strategies in content areas taught at the beginning of the folfpeved by a mixture

of pointwise and global actions where properties of Functions and their transformaatons
determined, andhen becoming completelglobal at the end of the topic where functional
properties are being interpretékhis contentspecific approach to the teaching of Functions
constitutes yet anotherf f or dance of the textbook to the t

In the nex chapter, the study explores how teachers appropriate these affordances in their
practice, especially in the classroonmn other words, the next chaptshall explore how
teachers present the content and gbquencingf this contentin the classroom; dw they
approach the teaching and learning of the content in getieals, whether the approach is
didactic (quasdeductive) or investigative (quasiductive);but alsohow they approacthe
teaching of Functions in particulaith respect to pointvge and global strategies

Some limitations have also been expressed in the present chapter which the study
recommends as part of further research. The study does not delve into the medihton of
object of learningn the classroomsawell asthe natureof the mathematicen offer in the
textbooks . In other words] have not explored wheth@and how these affordances in the
textbookareproductiveto learnersand as such, | am not in a posittoncomment about the

effect of the constraints exerted the textbook with respect to the content as well as the
approach
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CHAPTER 6
Teachersodo Mobilisation of t he Tex

Teachers act as mediators of the text. Teachers decide which textbooks to use; when and
where the textbook is toetused; which sections of the textbook to use; the sequencing of
topics in the textbook; the ways in which pupils engage with the text; the level and type
of teacher intervention between pupil and text; and so on.

(Pepin & Haggarty, 2001

6.1 Introduction

The opening quote above encapsulate what Pepin and HadgaAay) t er m t eacher
mediatory role with respect to textbooks in instruction. The present chapter and the one that
follows it seek to explore how the teachers participatingigidtudy mediate the textboak

the classroom, and what opportunities apened up in the processes by which teachers
mediate the textbook. The exploration is carried out with a specific focus on the affordances

of the textbook to the teachersd practice w
mathematical contersind the approach to the teaching and learning of the contehhe

guestion is how do teachers mobilise the affordances of the textbook in their practice?

There are twenty (20) lessons between the seven (7) tea@rgcippting in the study to

analyzefor how teachers mobilise the affordances of the textbook. In the present chapter, |
have chosen teacher Al aadalyzeher three (3) lessons to study the mobilisation of the
contentand theapproachof t he text book. The aneateysdi s f or
firstly to exemplify the process of analysis, and then to assist in developing analytical tools

for the analysis of the rest of the lessons in the next chapter. | have to mention that the choice

of teacher Al has been for no other reason other tthet she was the first teacher whom |
observed when collecting data for the study, and her lessons became the first lessons which |
started analysing from the onset. | was therefore satisfied that her varied ways of using the
textbook would provide ampleols to carry the analysis into the next phase.

The analysis commences with a process of d e
appropriation of the affordances of the textbook.

6.2  Conceptual Tools for the Appropriation of the Affordances

In chaper 3, ateachertextbook interaction framewoffor the study, shown below ifig 6.1

was proposed. The f ramewo (2609 theaign cdpaxigyfor d e v e |
enactment fraework( D C E) and (RO®9nframdwark af dosnponents of teacher
curriculum relationshipdiscussedn chapter 3and depicts the interaction between teacher
resources and textbook resources.
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Fig 6.1 The proposet@ieachefTextbook Interaction Framework

After establishing theontentand theapproachas the affordances dhe textbook to the
teachersodo practice in chapter 5, they are p
The interaction between the teacher and textbook which is the focus of the present chapter is
represented by a double arrow joining the teacheources and the textbook resources.

Brown (2009 has proposed three processesofffoading, that is, relying mostly on the

textbook for the delivery of the lessomdapting, which indiates an equaltghared
responsibility for the delivery of the lesson between teacher and textbooknpravising

where the teacher relies mostly on external and own resources for delivering the lesson, that

' ie on a cont i nuu m pgropriatomd theatextbak affardancdsehe c h e r s 6
analysis, the three processes are explored in depth in order to understand better what teachers
do with both thecontentand theapproach of the textbook in the classroom, and the
opportunities for mediatiothus created.

Since the analysis of the lessons describes how teachers appropriate the affordances of the
textbook, the conceptual framework developed in chapter 5 is adapted for the process of
analysis of the lessons in the present chapter as shdvig 6r2.
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Content areas
Nature of
_ content Ordering of content
Mathematics| areas

Content

offloading

Presentation formats

Appropriation
of
affordances

Adapting Performance

expectations

Approach

Sequencing of
presentation
formats

improvising

Quasi-inductive/
deductive approach

Sequencing of
performance
expectations

Pointwise/ global
approach to Function|

Fig6. 2 A Framework for Teachersdé6 Appropriat

As Fig 6.2 illustrates, how teachers appropriate the content of the textbook is determined
through the nature of the content areas and their ordering t eac her s 0thel es s on
coverageof content. The sequencing of the presentation formats identifies the general
approach with respect to thguastdeductiveand quastinductive approacheswhile the
sequencing of performance expectations pdimtehether the approach to the teaching and
learning of functions in particular in the lessonpamtwiseor global.

6.3 Analysisof Teacher Al106s Mobilisation of t

Teacher Al was observed teaching in three lessons which | have named, A1And A4 3,
respectively. Lessons A1l and Al12 took place within the first week of introducing the topic
of Functions: A1l on a Monday, and Al12 on a Friday of the same week. Lesson Al3
however took place exactly two weeks after A12. This implies thatefacher Al, |
observeder lessons quite at the beginning of the topic on functions and the end of the topic
since there were four weeks allocatedhe teaching of functions. The duration of the lessons
was fifty (50) minutes for each lesson. Lesson Adhs onfunction notationand the
evaluation of function values for a given function; A12 wadransformations of functions

and in Al13, teacher Al and learners went over homework questiondetenmining
equations of graphswvhich was followed by the troduction of the section osketching of
functions.

The analysis of each lesson begins with chunking it into units which are determined by a shift
in focus in the content during the lesson. The units are used as episodes for the analysis of
the appropation ofboththe contentad the approach of the textbook.

The process of analysis of lesson All is presented in Table 6.1. A complete transcript of the
lesson is shown and alongside it, textboxes are used to describe the chunking; to identify the
presatation formats and performance expectations; and to provide additional comments
pertaining to the appropriation of the affordances of the textbook.
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Table 6.1 Analysing the transcript for lesson A1l

Episode Transcript
Al is writing the following on the chalkboard, copying it from a textbook
; . oo be used, o |

Episode 1 St o . ran e

L &y {o, {(-g SCR)
definition ey - (_m\
of :
function i
notation

Trts
Tr

Okay |l etds stop writing.

Okay, we are looking at the functional notation, the notation that is used to write or to in short, to wiib@$uiso
the symbol'Qof wcan be used to describe the element of the range of a fuitdftoreach elemerbof the domain.
Remember | say that the domain are the input values or the valés wiost cases. Then the range is the, the oy
value or the value afy or in other words is the dependent value that you get from an independent value which
input value.

Now for, so forf of wequal towsquaredpoints to boardplus one, negative ontnegative one is equal to where
there iswyou substitute wh negative one because here you are now having negatifelorear ner s c h
oneo wi t landYoe aredoirgrtg use the function that you have been given here, whisduisred plus one.
So where there i@ you are now putting thealue negative one.

So here, this is your negative one and yois squared so your negative one should be squared plus one and yo
two.

Now this means that fabis equals negative one the corresponding element of the range is two, Oneiigtive one
is equal to two.

In other words, this is your input val@eoints at {1)), so if you are having a table of values you are going to be
having negative one on top fathen at the bottom for the valuedfou are going to have twearnersc h or u s
with teacher)( Teacher bends down to pick up book and panpg

Episode 1Chunking

A1l defined functional notation and
explained its relationship to the range of a
function. The definition as written on the
chalkboard includes an example which
illustrates whatQ p would mean if given
afunctionQw @ p, showing

learners how the value of the function is
evaluated. Al then worked out an example
to illustrate how to evaluate function value

Episode 1

Presentatiofiormats

9§ Teachermnnouncd focus of lesson as
function notationexp)

1 Teacter explainedhe definition of function
notation written on the boafdxp)

9 Teacheremincdedlearners about definition
of a domain and a range of a functi@mp)

9 Teachedemonstrate how substitution is
used to evaluate function values for a giv
function (exp)

Performance expectatians

fLearners expected o}

actions: sbstitute p for win the function
"Qw ® p(substitute)

3Tr represents Teacher and Lnr represeatrner
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all content derives from the CAPS textboo



Episode 2

Worked
examples

Tr

Lnrs
Tr

Inr
Tr
Lnr
Tr

Lnrs
Tr
Lnr
Tr

Inrs
Tr
Lnr
Tr
Lnr

Tr
Lnr
tr
Inrs
tr
Inrs
tr

Inrs

tr

!

N“'o | put an example, given th&ds equal to two xminus three, determine the values of; the first one iXfufr
three. Now you are using which functiofPauses)Which function have you been given here?
"Qw (Teacher points to 2x written on boayd.

Istwo x minusthrelear ner s chorus #Athreed with teacher)
So where there i@you are going to putthrdet eacher points to Athreeod on

her) for the first one, okay. So this is going to be equal to? Nelson?

| say where there ighl put three.

Yes, so it antsg®) ng to be?

Okay. Open bracket then.. close bracket minus th(@eacher writes 2 (3) 3)

Okay. So in other words you are saying two times three, because thisswwo timesi okay, so what do | get
her?

Six

Minusthreel t eacher writes this
Equals three(teacher writes 3 on board)

So this is the first onend the second one, what aregeéng to have?APauses a while.)
What are we going to havefes? (Points to learner.)

two open bracket s é. neachetiriteeon bohrd 2)i ;) nu s
Okay. And what do you get 2 times negative three?
Negative si{Teacher writes on board6 i 3)
Okay and this will give
Negative nie

(Teacher cleans portion of board and wriie6, erases the 6 with her hand, and replaces with 9. Learners chory

nined as she writQes. ) Teacher writes (c)

And the last oneP@ause} The last one. Rauses again Elijah?
Where there is what are you supposed to do now? What is the value dfedther points to boaydres?
Il dm going to say é um é two and then open bracket

(Teacher writes as he is talkilg - 0)

on board and | earners

three

you ¢é?

And what do yoiget here?Roints atg -

Yes.

So you are going to cancel two intotwo¢ ac her mar ks t his on D)imoahisdwo,a nd
(teacher crosses out as she speaks and learners chor i )amde/au are going to remain with what?
Negative one.

Negative what? one times negative three what do you get?

Negative three.

(Teacher writes =3.)

o). This is the fraction, ne? Your denominator is two.

Episode 2Chunking

The worked examples involve evaluating
"Qo AQ o PAT 8 - given thefunction
w Cw o.

Teacher guided learnettsrough the
substitution procedure for evaluating the
function values above. Episode 2 enddwbw
the teacher moveoh tointroducethenotion
of thevertical line test

Episode 2
Presentation formats

Teacher exemplifiedfunction notation by
working out three examples for evaluatir

function values: 6 h"Q o, and™Q - for
the functionQw c¢w o (we)

Performance expectations

Learners expected to substitute ohA T A-

for @ in "MQ®w ¢w o and evaluate
(substitute)

Negative three minusthreEe acher writes this on board)and | ear
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The worked examples have been selec
from the textbookHowever, the teacher use
two out of four worked examples in th
textbook, thus omitting some worked
examples. | look at the omitted examples a
what this could mean for the opportunities fi
the mediation of the object of learning in tk
classroom.



tr
Inrs

tr

tr

Inrs
tr
Inrs

tr
Inrs

tr

And what is your final answer?
Negative six feacher writes this on boayd

So this is basically what we are saying. Now we are saying if you have got a table of values, suppose you we

having a table of valuesjraws this table of values onelthalkboar ) your x values and
your y values\rites x and y on the table in 1st colymBo where the x is equal to three, your output value is goif
be three. So it will be herplaces 3 under 3 on the table in 2nd colymwWhen x is equal tonegative three, your
output value is negative nine@ ar ner s chor us fin ¢, gamybuiare going to hagetnegativet thre)
here and negative ninehete¢ ar ner s chorus fAnegat i v eamdimthé3rdveolumh
When x is negative nine over twarftes this on top line of 4th columyour output value is going to be negative si
(l earner s c haxisou swi ft rhe g eetaicvheer as she i nse)Soshisisbasiallyi
what | are sang,

okay?

(the table of values now looks like t
Yes.

We are not finished yet?

Yes.

(Learners write notes from the board into their books. Sound of aeroplane ovgrhead.

(Teacher is reading a book st an dksupgowatthlearnets¢ ar ner 6
I think you are finished herg@dgints to section of blackbogrd

Yes

(Teacher erases some text on left side of blackboard)

(Teacher begins to write on board. Text is not immediately visible due to camera angle.)

This side?Roaints to right hand side of blackboard.)
(Some |l earners say fAyeso

others say 0

Presentation formats

Teacher demonstrated how an input and
corresponding output may be represented
an (x;y) pair on a table of values, with th
input as anw value and the correspondin
output as aw value (demonstration)This is

similar to worked examples and so | include
it as part of theve presentation formats

Performance expectations

Learners expected to know how to represt
an input/output pair aan c¥fw pair on a table
of values. Since this action is similar ft
actions in the textbook where leaners we
expected to express contents of a table
values as an ordered pair, and these w
coded assubstituteactions; this action was
also coded aa substituteaction.
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Episode 3

The
vertical
line test
of
functions

Tr

Lnr
Tr
Lnrs
Tr

Tr

Lnrs
Tr

Inr

(Teacher writes the following on the chalkboard while learners continue writing in their books)

Episode 3
Chunking:

Teacher descrilte the vertical line test,
demonstrate how it wasused to distinguish
between functions and nduanctions and
invited a learner to demonstrathe procedure
on thechalkboard. Thispisode ended hen
teacher assignegiclass activity.

Okay, can you please stop writing? Now remember | said thetciidn should be having only one output value fo
every input value that you have. So if you put in a certain value for an expression that you have been given,
should only get one output value for it to qualify as a function.

Now ifyou gettwovalue or more, it means itds not a functio
So | use the vertical line test to determine if a certain graph is a function. Now | am going to show you how yq
the vertical test.
When |
hands.)

I dondt hear
Which one is vertical?
Thewaxis

The é7?

Y -axis

Theyaxi s is vertical Ok ay, Roihtato thesstraight line drawma@nlthe boprith. aj
Now so what you do is, if suppose you pretgmd (c k s up a r ul e nthatyowame havind necapa n
ruler and you move your ruleplaces ruler on blackboard next to the straight Jigeu are having your ruler
vertically like this. Gtarts moving a ruler across the axis as shown orfritpere.)

say vertical what do I(Varnoesearders\Wiake gasturesiwitheheit if

(makas a gesturg withsher hana, tolloweld bydaughter from leatners)

——

If you move your ruler throughout your Cartesane where you have this graph; and it only cuts your graph at
same point once, it means this is a function. Like you can see that this ruler, if | draw a straight line, this striasig
going to cut the graph only once here. Okay.

Yes.

Even ifl move to this directionnjoves ruler to theright i t 6 s
(moves ruler diagonally rightandyp i t 6s onl y

going to cut only o
going to cut only oncs

Episode 3

Presentatiofiormats

9 Teacher emincedlearners about the definition
of a function: one input produces exactly one
output(exp)

9 Teacher describetthe vertical line test for
determining whether a given aph is a function
or not; if the vertical line cuts the graphs more
than once, the graph does not represent a
function (exp)

9 Teacher demonstratélde vertical line test usin
aruler on a saight line graph and determined
that the straight line graph wa function({we)

Performance expectations:

To draw a vertical line that cuts through the gi
graph to determine the number of times

vertical line cuts throgh the graph. This actid
required applying a particular procedure

functions and it was newl coded this action 3
apply procedureaction. | also argued that it w
not a global action as it did not specificg
consider the behaviour of a function; hence it
under poitwise actions.

So it means this graph is a function¢ ar ner s
(learners chorus fyo
Yes.

¢ h or u s) betduse you aré anly ldaving orte kalud f
wi t)forevepyvaluacf x. Okag? poi nts to th
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Tr

Lnr
Tr

Lnr
Tr

Tr
Inrs
Tr

Tr

Tr
Tr

Tr
Tr
Lnr

Tr
Tr

Do we understand each othefdd st | ear ner s i Yseessome people ahakesher s 2
head. Yes, Nelson?

Pl ease repeat maobamé

| repeat. Okay. | am saying if you take a rufga¢es ruler on diagram on boardnd you, you put it vertically on
your Cartesian plane, you are having this graph. | want to determine if this graph is a fusetyoa flinction is an
expression where you put one value you get one value out, your input value will get you only one output valug

we together?

say

Yes.

Now i f | move this rul er amvesrsle tothérghtitiCeating ney graph anly ptl
one point. When ités her e Teadhérpieks up ochalk amd ntaks wthere ruler v a |
intersects x axis and one y axiShere is a certain value for x here and one valuefor¢y ar ner s chor
her). Can you see that?

Yes.

If I come to this point | only have one value for x and one value forg @r ner s chorus fAyo

the axes So | would say it is a function.

Now let me give you another exampl&.echer draws the follsing graph on the chalkboard

Can someone come and determine if this is a function or not, using the vertical lineAtiéstsjuite a long silenck.
Who wants to come and try? YesPefcher points to a learner, who comes to the board. Shespiales on board
which touches the graphlf you draw a straight line thereLgarner moves ruler along the graph and marks wher

the ruler intersects the graph ass shown on the g
Can you tell us what is happening?

(Learner remains quiet and ems embarrassed
Okay, how many, how many output values are you having, or values of y are you having? How many? How
you having?

Two.

Two. Which one and which onel2garner points to the two y values on the gnaph

Yes, in the yaxis. Okay. Anchow many values for x are you having? Tuea(ner shows two fingeys

Episode 3 continued:

Presentation format

9 Teacher prowded a different example anc
invited a learner to the chalkboard to
demonstrate the vertical line test on gray
that is a noffunction. Teacher guided
the learner through the process and
determined that thgraphwasanon
function since a vertical line cittmore
than oncéwe)

Performance expectation

1 Learners expected toalv a verticaline
through a graph ant count the number
of times the lie cuts the graph, as teachg
haddemonstratedapply procedurg

So here is your x. How many are you havingeacher marks one place on x axis. She then speaks in an Africg
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Lnr
Tr

Tr

Lnrs
Tr

Lnrs
Tr
Tr

|l anguage and s3gys the word fAoneo.
One.
Okay. You go and sit.

Okay, so for this graph you can see that if you are going to move across your Cartesian plane likevbssriler
over the graphevery time your vertical line is cutting your graph how many times? Two tie@sérs chorus with
teacher fHtOkay. ti meso

Yes.

So it means that thisis the value of xé ar ner s ¢ h o)r Soswhaf ikneansfortedch itpat value or for
each x value you are getting how many values ofy? Twe @ r ner s ¢ h o r)utlis ofietamddhis ong,i s
means thiss not a function. | said a function is only one input value and one output Vaki@(r ner s cho
valuedo and fout p ¥ tSoilyaulseeehat you are thavirtg ava values of y it means this is not a
function. Do we understand each eth

Yes.

Okay can you please copy thpbints to the notes on the board

So | say that this is a functiopdints to fgraph) and you write the reason wh
function pointsto 2%graph) , you wr i t e smnohadunatienason why it

(Learners begin to write and teacher walks around classrpom

(Learners continue writing as teacher cleans part of board. Teacher has a conversation with somebody out o
camera. |did not transcribe this conversation asitappee d t o be #fioff the record
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Since the vertical line test does not featt
in either the PHCAPS or the CAPS
textbook, it was considered as emjection
to the content of the lesson.

In the discussion, | note the differer
injections and explore what they mak
available to learmi the lesson



Episode 4

Learners
working
on
practice
exercises
individual
ly

Tr

Lnrs

Tr

Lnrs

Tr

Inrs

Tr

Teacher is copying writes the following on chalkboard as learners continue to work in their books.

B (ol i
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Episoded: Chunking

This episode continagkto the end of lesson
Learners wee working individuallyon some
practice questionas teacher modearound
the classroom assisting them and check
their work.

Okay after you have finished copying can you please do this work? Write down the domain and the range of
the functions defined. So you are going to state, or you list, from what value to what value, for the domain and

Hmm?

(a) and (b)

Hmm?

what is the domain of the function?
Thewvalue.
ltéos the é& 2

wvalue.

Yes. So you are going to list down the domain of the function and the range. Okay. So here you have been ¢
ordinates of different points. You are supposed to check the domain and the range, the dorhairaage.tSo you

are going to list the domain first, of all theseardinates; and the range of all thégeints to board).The same for
(b), (c). For question two the first one and the second one | think they are straight forward.

Presentation formats

1 Teachemrotethe class activity on the
board consisting of questions from the
textbook(pr)

1 Teacher gplainedwhat each question
required of learners, giving learners hints
and tips where necessdBxp)

Performance exmtations

1 1.a)i c): list elements of the domain and
the range separatelfsubstitute)

1 2. a) & b): substitute given values fain
"Qw  owand evaluate their function
values(substitute)

1 2 c): equate the given function tavand
solve forw(substitute)

1 2.d): equate the given equation to 1 and
solve for® (substitute)
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All questions in the practice exercise givan
class had been selected from different sets
exercises in the CAPS textbook. The teact
made some omissions of the questions. In
discussion below | look at the role of the
omissions on the opportunities for the
mediation of the object of leaing.




6.3.1 Appropriation of Affordances in lesson All

The results of the analysis of lesson All are presented in Table 6.2 and their findings
discussed. The five columns in TalBl2 represent: thepisode;the degree of appropriation

which indicates whether an episode was offloaded, adapted, or improvisedeskatation

formats identified in each episode; theerformance expectationsn function tasks; and

general commentsreleant t o t he teacherdés appropriati ot
Table 6.2 summarises the columns.

Episode Degree of Presentation formats | Performance | Comments
Appropriation expectations
1 (6 min) Offloaded Explanatory talk (exp) | Substitute Al uses the CAPS textbool
(pointwise) for definition
Function
notation
2 (6 min) Offloaded Worked examples (we) Substitute An omission: Two other
(pointwise) worked examples from
Worked Demonstration (we) textbook omitted in the
examples lesson
3 (10 mn) not in Definition (exp) Apply Injection: The vertical line
textbooks Explanatory talk (exp) | Procedure test for distinguishing
The vertical line Demonstrations (we) | (pointwise) between functions and non
test for functions Worked example (we) functionrs inserted into the
lesson
4 Offloaded Practice exercises (pr)| Substitute Practice exercises do not
(25 minutes) Explanatory talk (pointwise) include questions on the
Practice (exp) vertical line test
exercises
Content Offloaded quastdeductive Pointwise Injection enhances
coverage: CAl 0 O approach actions opportunities for mediation
on notation ad Omissions do not detract
terminology from opportunities for
mediation

Table 6.2 Summary of Analysis for Lesson A11

In the four episodes in this lesson, Al ofited the content from the textbook in three of
them, 1, 2 and}; and injecéd content in episod8. In other words, the teacher relien the
textbook for the definition and description of function notatjepisode 1,)for the worked
examples(episode 2) and the practice exercis€spisode 4)which learners workd on
individually until the end of theekson. As a result, the lessorsvetassified asffloadedwith

a code { "O) to indicate that the lesson wpsedominary offloaded, but that there had
been some injectin(episode 3pf external content as welHence the following codes shall
be applied for the rest of the lesson$:= offloaded;"O improvising;andd  adapting;
Inj= injection of external contentOm=omissionof content from the textbook he content
covered in lesson Al1l corresponds to CAl in the textbooks on notation and terminology; and
except for the vertical line test, all definitions, wed examples, and practice exercises
derived from the textbook.

The presentation formaxplanatory texbecame explanatory talksince in the lesson it sa
mostly through talk thathe teacher explained even though the definition® weitten down.
However, theexplanatory talkwas used tonclude both talk and text. A new presentation
format was added to those emerging from the textbod&monstration A demonstration
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occurred in episode 3 whettgeteacher demonstrated the vertical line test to learnBue to

the similarity of the demonstration to the worked example, sincevd@svherethe teacher
showed learners how to do something, | put the demonstration under the worked examples
and with the same codey€), as well. The sequencing of preserntat formats showd that
explanatory talk/textincluding definitions, descriptions, and demonstrations, precede
worked examples throughout the lesson, and then at the end of the lesson, feattiezs
opportunity to practice individuallyThus the objecof learning wa made available through
worked examples hencegaastdeductive approacto teaching.

With respect to performance expectatiasply procedurewas added to the textbook list of
performance expectations. | regaddpply procedureas a fom of practice for learnershe
teacher hd shown them how to apply the vertidane test, and themearners apjd the
procedure. blsoconsideedit as an action thatidinot require global properties of functions,
since all one needito do to deae whether a given graph represerd function or notvas

to look at specific points as the vertical line md\aong the graphHence | placé apply
procedureunderpointwisecategoryof actions on function taskSince all actions ofunction
tasks in he lesson wergointwise, | conclude that the lesson conveg a pointwise
conception of function. This ag the same conception conveyed lhy textbook the teacher
used

The analysis of the approach of the textbook in chapter 5 indicated that tlomkex#idlopted

a quasideductive approach fahe content area on notation and terminology, the content area

in which the present lesson falls. Furthermore, the performance expectations for the same
content area in the textbook were pointwise too just lkée present lesson. This implies

then that in this first lesson, teacher All offleddboth affordances of the textbook; the
content and the approach.

Looking back afTable 6.2again, it showsan injection of the vatical line test in episode 3.

The verical line test is referred to as amection in the lesson because firstly, it does not
form part of the content in either the REAPS or the CAPS textbooks; and secondly because

it has not been specified as part of the grade 10 curriculum. This seatncefofinjections
distinguishes them fronmprovisedcontent in the lessotheteacheimprovisesf she brings

into the lesson content that is available in the textbook but decides to bring it from external
resources. Furthermore, the vertical lingt is used as a visual means to distinguish between
graphs which represent functions and those which do not, and is regardedngortant
aspect of the teaching and learning of functions which is featured in many textbooks on
functions. In fact, it waseatured in the workshop on functions organised and conducted by
the WMCS for teachers in the project schools which teacher Al also attended. Thus the
vertical line test is amjectionthatenhances opportunities for the mediation of the object of
learnirg. Suchinjectionsarereferred to asobust injectionsn the study, in contrast to those
which detract from the opportunities for mediation, which are cdidactive injections.

On the other hand, while teacher Al offledanost of the content of th@esent lesson from

the textbook, she also onatl some parts of the content. Téteidy refers to the omitted parts
asomissions For example, she utilised only two worked examples in the lesson out of the
four provided by the textbook. One of those keat examples she did not utilise featured a
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contextual gestion involving temperatur@&nother worked example not utilised in the lesson

is shown inFig 6.3.

a)
b)
<)
4)

a)
b)

Given the function g (x)

2.2 (x)
g (2x)
gx) + 2
g (x o 2)

Solution

2g(x) =201 — 2x)

2x, evaluate:

=2 - 4x

20@x) =120
=1 4 ,

g(x) + 2= 1 2x A D
: =3 - o

"d) gt 2)—1—-2(x+2)

i} el O ey
g D

Fig 6.3 An example of an omitted worked example from the textbook

In this worked example, tHanction™Qw is regarded firstly as an object that can be operated
on in its own right, for example, as in adding a number 2 to the object, or multiplying the

object by 2. Secondly, the input of the function changes from an integer;Gaspn to an

expressia, for example, evaluatinf2¢w given that'Qw
this worked example in episode 2, and all similar questions in the practice exercises.

p cw Teacher A1l omied

However, of significance is that Al dichot completely ignore these kinds of questions

because shalealt with them in the second lesson, lesson Al12 under transformations of

functions.

The significance of themissionamade in this lesson lies in their nature: in the example in

Fig 6.3, examples of its kind we picked up later in other less) and therefore thmmission

did not detract from opportunities for mediation in the classroom; similarly for the contextual

guestions. | refer to these kindsashissionsn the study aproductive omissiongheir non
selection by the teacher in thesson didnot compromise the opportunities for mediation. In
the next chapter on the analysis of the rest of the lessons, a different categorgsabnss

observed which results in detracting from opportunities for mediation. These | refer to as
critical omissionsthose aspects of the object of learning that are critical to its mediation that

teachers omit from the lessons.

In lesson A1l therefore, teacher Al offleddhe content and the approach of the textbook

while makingproductive omissionsf the textbookcontentand at the same time enhanced
the lesson withrobust injectionswhich did not featwe in the textbook. She utilisetthe

textbook for all aspects of the lesson: definitions, worked examples and practice questions.
All these suggesthat A1 hasa participatory and therefore a stronglationshipwith her

textbookin this lesson.

In the next sections, | present thealygs o f
Following a similar process to tha lesson Al1l, the lessons weileunked into units that
servel as episodes for analysi$he analysis of each episode follesvfour steps: a) a

description of the episode; b) identifying presentation formats in the episode; c) identifying

teacher

Albs

ot her

performance expectations; and, d) identifying @moiss and injections, where applicable. At
the end of th@naly®s of the four episodes, the results are summarised and discussed.
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6.3.2 Appropriation of Affordances in Lesson A12

Lesson Al2, tookplace four days after lesson All, and detifeom a workshop on
functions conducted by the WME&Son the teehing of functions. Hence, it waa
completely improvised lesson. The content covered in the lesson corredpondA3 on
transformation®of functionsin the textbook. The full transcript for lesson Adl2owing the
episodess app@ded to the thesis (AppendiX.DThe djective of the lesson wgdor learners

to investigate t hed eofnf etch @Qwffwnindteitheppasitianrofe t e r
@d swariedaroundQomhf or e x a m@l eadded & the fiinction as@w &

and wi e svarb of the argument of the function, as w @ . Learners had been

given homewrk to complete the tables of values for the functioifdo p HQc

piQw p AQw ph' Qo AQcw AT B-0w. In the lesson, Al and learners ree

completing thevalues on the board and dréfwe graphs of the functiondl guidel learnes
to formulate generalisations about the transformations of the parabola.

The transcript of lesson A12 has been chunked into the following three episodes: In Episode
1, a table of values for the functiorl@®w ©, Qw p andQw p was populatd, their

graphs drawn on the same set of axes, and generalisation made about the effect of adding 1
inside the bracket versus adding 1 outside the bracket. In Episode 2, the effects of the
functions, Qw p and Qw p were generalised from observingnet behaviour of
functions in Episode 1, and their graphs sketched without plotting the points. Episode 3
entaikda class activity in which learners weeexpected to complete a table of values for the

function,"Q-&, draw the graphs of the funati®,"Q¢ow h;'Qow and’Q -& Nand generalise
about their effect on the functioifQw .

6.32.1 Drawing the graphs of the functionglj e andff] e : Episode 1

The lesson beganith A1l drawing the following table of values for diféart functions on the
board:

£ 3

Fig 6.4a Table of values to be cofnpleted in lesson A12

This table had been given as homework for learners to complete and tthdrgvwaphs of
these functionsA learner, wiom | refer to as Lnrl, completecalues for the fuction

“This workshop was run by Bernard Murphy of the Mathematics in Education and Industry (MEI), UK
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"Qw p and drewits graph on the same set of axes with the grapR@f w as shown
below.

Graphof
Qo p

e~

Fig 64b A table of values and a graph™®® p

A1l then guidd learners to generalise about the effect on the funéfianhof adding 1 inside

the bracket from the tables through comparing function values for the same input value in
each function. A1 shwed learners that function values for the functi@w p shifted the
values for'Qw one unit to the leftFor example’Q 1 for Qw p which is the valuavis

the same a¥) o for "Qw and so forth, as the arrows below indicate.

Fig 64c A table of valueshowing a shift of values foto  p
Learners concluadkhence thatQw p hadshiftedthe graph ofQw horizontally b the left
by one unit; and that the turning point for the grapfeb p wasthe point pt.

For the functionQw  p, learners cadldout its function values as A1 complétiés table of
values

Fig GAd A table of valuesor Qw  p added

Leamers concludéwith the help of Al thalQow  p added 1 to function values folQ has
shown in Fig 6.4d abovend generaligkthat"Qw  p shifted the graph ofQw one unit
upwards, thus shifting the turning point fromit to the point Tip 8Al drewthe graph of
"Qw  ponthe same set of axes with the other graphs as shown below

Graphof Qo p

. = | TR
Fig 64eA sketch of the functiofQw p
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The results fothe rest of the analysis of episodarg presented ihable 63 below.

Presentation formats Performage expectations Injections and omissions Comments

The presentation formats il Learnerswere firstly expected | The functionQw p Episode

this episode are arctivity | to substitde given input values | which depicts a horizonta | completely

(act) because learners werg into the function and evaluate | shift of the function’Qw , improvised:

provided opportunity to function valuesplot the points | does not feature in the Gra( improvised

engage with the functions | on the Cartesian plandrawthe | 10 curriculum and therefor¢ (‘O)

first; next washe graphs by joining the points; | constitutes amjectionto

explanatory talk (exphy and then t@eneraliseabout the | the content.

theteacher mostly wheshe | effects of the two functions on| "Q® p wasbrought in to Content
onten

stepped in with guidance fc
learners to generalise abol
the effects ofQw p and
"Qw  pon the function
"Qw 8 Theexplanatory talk
includedl ear ner s
to teacher 6s
prompts. This episode
hence adogtda quast
inductive approactio

teaching and learning.

the function, Qw 8 Thus the
episode onsist of three
performance expectations in th
order:substitute, plot and draw
andgeneralise propertieand

an approach towards teaching
functions thaprogresses from
from pointwise to global
strategies

contrast withQow  p.
Hence, its inclusion
enhances opportunities for
mediation, therefore a
robust injection.

coverage: CA3
on
transformationg

Table 6. 3Analysing Episode 1 of Lesson A12

In this episode, there are two presentation formats evident, naantiyty (act)followed by

the explanatory text (expjhus aquastinductiveapproach. Three performance expectations

have been identified beginning wiubstituteactions which are pointwise, thegaot and
draw actions which are also pointwise, followed ggneralise propertiesctions that are
global. Therefore, the conception of function in this episode reflegsogression from
pointwise to globahctions. The inclusion of the functi®Qw p is considered as @bust

injection as it stands in contrast to the functidw p and therefore illuminates the
ng

di fference in shifts effected by daddi
bracket 0 as edthte trangdoanmatioesr r ef er
Tr Okay, so this is a shift in the-gxis and remember here we added one inside and noy
one is being added to the functifpoints to'Qw  p)). Okay?
Lnrs | Yes.
Tr So, when you add one inside of the bracket, the movement ig agcted in which axis
(Pointing to™Qw p ). In thewaxis. Now we added outside the function, in the func
plus one the movement is going to be affecting tasig. Okay?
Lnrs | Yes.
As a result therefore, the inclusion of the functié®fw p is considered as ®bust

injection: it enhances opportunities for mediation.

6.32.2 Sketching the graphs offf e

and]

. Episode 2

In this secondepisode, Al asked learners what they thought the effect of the function,
"Qw p on the graptof "Qw would be, based on the conclusions thagmade about the
effect of the functionsQw p and™Qw p on the functionQw in episode 1. Learners
concluded that the graph @ would shift downwards by one unit, and the turning point
would now be the pointrd] p . Al then drew the sketch of the functi6Qw p on the
same set of axes with the other graphs from episode 1 as follows:
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Graphof Qw p

Fig 65a A sketch of the graph 6w p

Al again asked learners the same question aboututieidn "Qw p and what they
thought its effect oiQw would be. Learners concluded that the function would shift the
graph of Q@ one unit to the right, with a new turning point pfjt , which teacher drew on
the same set of axes with all theeatigraphs.

Fig 65b A sketch of the graph &@w p

Graphof Qo p

The results of the rest of the analysis for episbdee presented in Table 6.4

Presentation formats

Performance expectations

Injections and omissions

Comments

In this episode, Al led
discussia with learners
from which learners
generalisd the effect of
the twofunctions,

"Quw p andQw p
on the functionQaw

@ . While it was A1 who
drewthe graphs, sheas
directed by learners.
Hence in this episode, th
presentation format has
notchanged from an
activity (act).

Learnerswere required to
generalise the effect of th¢
two functions on the
function"Qw , and to
sketch their graphs based
on the generalisations the
make. Hence the two
performance expectations
on the learners are:
generalisepropertiesand
interpret properties

The functionQw p

also is not in the
curriculum requirements
for Grade 10, hence it is
aninjectionto the content.
Like Qo p in previous
episode, it enhances the
opportunities for
mediation, therefora
robust injection

Episode completely
improvised("O)

Content coverage: CA3
on transformations

Table 6.4 Analysing Episode 2 of Lesson A12

The only presentation format in this episode is Activity (act) rendering the episode a
guastinductive aproach. The two performance expectations ggneralise propertiesind

interpret propertiedeature only global actions on function tasks and therefore the conception

of function is interpretive andlobal. The inclusion of the functioMQw p is arobust
injection for similar reasons as advanced in the previous episod®for p ; that they
enhance the opportunities for mediation.

6.32.3 Drawing the graphs offj]

ofi [ Fand]-e : Episode 3

In this episode 3, A1 completehe restof the table of values except for the functix w

which she askekbarners to do, as shown below
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Fig 66 A completedable of valuegor all functions

She then instructeléarners to draw the graphs™®fco ig'Qo AT - on the sane set of

axes, and provided a scale fearrers touse for graphing. For the rest of the episode,
learners workd in their books individually while teacher wait around the classroom

assisting them.

The rest of the alysisof this episodés presenteih Table 6.5

Presentation formats

Performance expectations

Injections and omissions

Comments

This episode is a
continuation of the
activity to complete

Learners wee expected to
substituteinput values anévaluate
the function values for the function

Among the three
functionsdrawn in this
episode, two of them,

Episode fully
improvised O

the table of values
and to draw the

namely," Q¢ and
"Q-w do not feature in

"Q - ; plot the pointdor the three
functions mentioned, arraw

hs of th ) Content coverage:
?e:?npair?ir?gtfu?lcti ons their graphson the see set of the textbooks_ as t_hey an ca3
Hence, the "| axes. Finally, they we required to| also not required in the (transformations)

Grade 10 curriculum,
hence they constitute
robust injectionsto the
content.

generaliseabout the effect of the
functions"Qcm h"Qw andQ-o.
Hence, the three performance
expectations in this episode are
sequenced in the ordesubstitute,
plot anddraw andgeneralise
propertieswhich

presentation format
illustrated is still an
activity (act)and
therefore ajuast
inductive approach

Table 6.5Analysis of Episode 3 of Lesson A12

Similar to episode2 above, aractivity (act)is the onlypresentation format in this episode,
and therafre the approachis quastinductive. The episode features three performance
expectations:substitute (pointwise) plot and draw(pointwise) and generalise properties
(global). Thus, the conception of function in this episode depicts a progression from
pointwise to globaktrategiesOnce again, the variance and invariance notion brought in with

the functionsQ¢w and™Q-w renders thesmbust injectiondo the content.

6.3.2.4 Mobilising the Textbook in Lesson A12 Synthesis across episodes

Lesson A12 covers content on transformations of functions that corresponds to CA3 in the
textbooks. In this second lesson, teacher Aid dhot utilise content from the textbook, but
from external resages. Lesson Al®s thereforea completely improwed lesson with no
offloading and therefore classified asnprovised(O). In all three episodes, teacher Al
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adoped a quastinductive approachto the teaching and learning of functions. Learners
engagsd initially with evaluating function values for the given transformations, drawing their
graphs, and then making generalisadi@bout their properties. They ngghen expected to
sketch the next set of functions in the next episootethroughpoint by point plotting of
points, but by interpreting the behaviour of the functionsvdran the first episode. Thubke

first two episodesstarted withactions on functiortasks expected of learnenghich were
completely pointwise, and then progredsowards completely global actions. The same
progression from pointwise to gldbactions wa expected of learners in the last episode.
Thus, the conception of function coryeel in lesson Al12 is one that depicts a progression
from a pointwise to a global outlook.

However, more thathis, the approach also featurgge notion of variance and invariance
(Watson & Mason, @06) in its execution, where learning of aspects of function is done
through varying aspects to be |l earned, and
likely to be discerned if its variation is foregrounded against relative invarianothef

fea ur e s 0They encdur@ge that it is not through individual items in an exercise that this
is accomplished but through the structure of the exercise as a whole. | point out that this is
what this entire lesson does: it is not based on individual isgsrbut on one single table of
values where the next exercise follows the previous and thetaapevaried in a particular

way. The contrast to the position of the parameter in the fungiionided opportunity for
learners to differentiate betweennséormations that produced vertical shifts and those which
produced horizontal shifts to the parent function. Since the injection of the horizontal shifts,

eg’Qw p AT ®w p, and horizontal stretches and compression®ed AT ®-& h

in this lesson enhansahe possibilities for mediation, tee functions are considered as
robustinjections.

Brown and Edelsorf2003 found that improvisations of curriculum materials is generally
deliberate as teachers depart from the materials and pursue their own path. This is the same
characteristic observed in lesson ATPeacher Al has improsed from another resource in

order to achieve her instructional goals of helping learners to learn concepts through
contrasting horizontal and vertical shifts which the textbook does not employ. This suggests
some deliberateness to the departure fromteéRtbook, especipl when the injections she
madeto the lesson are robust and enhance opportunities for mediation. The improvisation of
lesson A12 thus confirms that teacherlfeks a relationshipvith her textbook.

6.3.3 Appropriation of Affordances in Lesson A13

The third lesson for teacher Al, lesson A13 took place two weeks after the second lesson.
This had been in the last week of the fawgek duration for teaching functions. The full
transcript of lesson Adis appended to the thesis as AppendixTiie lesson covers content

in CA4 on interpretation of functional properties in the textbobksson A13 stagd with
correction of homework where Al and learneese going over the questionsearners had

been given homework from the PGAPS textbo& on determining equans of functions

from graphs. After correcting the homework, Al introdutehe unit on sketching of
functions, also based on the f2APS textbook.
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Applying the same procedure as in thetprevious lessons, lesson A13 wihgided nto
four main episodeanalysedndividually below. In episode 1, a graph of a function showing
one or twopoints through which it passes svdrawn and its equation presented in the form
W ®@. The task here vgato determine the equation of eaclmr by evaluating the

v al u ed .Bpfsode2 includdthe same task as in episotlebut additional to episode 2
was that fivedifferent equations in the fored @ "@ were presented, and before the value
ofad 6 was eval uat edto betfinsdy matchadawith apprepriate ayphs.

Episode 3 involve the sketching of the function - ® ; while the last episode wan

class activity where learners meassigned some functions to sketch.

6.33.1 Evaluating the value of 60 in functions of the form « o given ] e :

Episode 1

In this firg episode of lesson Al13, there mewo grghs for which the equations héal be
determined namely, the graphs®f ¢w andw 8 hrespectively. Teacher Al bean
with the graptof © ¢ by substituting the point ¢If; into the equation, and solving for

(TN

ao for whi ch

function with the other point¢IT;

t h &-. Sha then eepeadlihe same prdcessven the same

to show learners that they would obtain slaene answer
when substituting the other valu&he question and the solutions are showhig6.7a

b} Y=o

y
20

\

3

0

b @2 mj@) 2 o
= e Gr A= 6(;(2)
) e -

T—

Fig 6.7a Finding the equation of the graph®df ¢

The second function vgaan exponential function and Al substitutee point on the graph,
Tip in the equationd @8 t o
inw o& as shown irFig6.7b

obt ai

d) y=a2
/

)

T

Fig 6.7bFinding the equation of the graphdf 8
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Table 6.6represents the rest of the analysis of epsbd

Presentation formats

Performance expectationg

Injections and omissions

Comments

Al workedout the
questions on the board
and showdlearners
how they should have
answered them. | regar
these asvorked
exampledecaus of the
fact that the teacheras
showing learners how td
answer the questions.
The teacher also offed
explanations and
clarifications where
appropriate, thus
explanatory talexp)

Learners wee expectedo
follow what the teacher
did: substitutevalues into
the given equation to
evaluatedd® , and
substitutee hi s véd |
in the general equation to
determine the equation of
the given graphThese are
all pointwise actions, and
therefore the approach to
functions in this episode if
pointwise

In the textbook exercise
from which the questions
were selected, there wer
six questions from which
Al selected the two,
therefore there are
omission®f content
which A1 makes.
However these are
omissions which do not
detract from the object
and therefor@roductive
omissions

The qustions have
been selected from i
textbook exercise in
the PreCAPS
textbook. Therefore
offloaded(0 )
content

SinceAl doesall the work on the board offering explanations and clarifications and asking
for responses from learners, the presentation foisnatassified aexplanatory talk Since

itis the only presentation formathenthe general approach to teaching and learointhe
content iquasideductive For the prformance expectations, thesenly one the substitute
actions learnersareexpected to substitute the points through whighdraphs pass into the

aud The wrozdssesidf sulhsttutirtg,hcalculatiaglou e
eval uati ngabt hael |v aflasudstitotdoatddery of pehfamance expectations

in which all the actions on function tasks are pointwise. Hence the conception of function in

gener al

equati

Table 6.6 Analysing Episode 1 of Lesson A13

ons

this episode ipointwise

The two questionkave beerselected from a textbook exercise which contains six questions.
Thus the episode is offloaded completely from the textbook and therefore carries the code
offloaded( U ) which indicates that there is only offltiag in the episodeFurthermore, the
selection of only two questions out ok squestions in the exerciseoes not diminish
opportunities for mediation as the process of substitution which teacher A1 has demonstrated
to learners applies to the rest of tiuestions. Thus these greductive omissionsg( & ) as

far as the study is concerned.

6.3.3.2 Determining the equations of graphsEpisode 2

In this episode, the task w&0 match a graph with its appropriate general function, from the
-Now BNw OOBINKw GATEAT B O AB
The next task wato determine thequation of the graphlhere wee four different function
classes involved in this episode, namedxponential, quadratic, trigonomefrc and a

functions: @ ® QW

hyperbola.

Teacher Al begawith the exponential graph asking learners to identify the type of function
and b match t to the appropriate equatiohearners identifiedhe function a an exponential

6 Now

®This is one lesson in which trigonetnic functions feature and teacher selects them
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function and took someme to match it with the functiom) ¢80 . The net questim that

Al asked learners was whattheywneabout t ha® padaméetserfdect oI
the exponential function, whichdet 0 a | ong di scussikonamdbouhe |
direction of the exponmial function. Teacher explairet hat t h e® vdé tuer mif n es
direction of the exponential graph and illustchies with the following examples

Fig 6.8a Graphs for explaining the difference between exponential functions

Theeacher 6s e thedirectioa of the@xponemtfal functiomontinuedas follows:

Al When you have got an exponent iparnting tpitha grdph an th
leff i t mekmdes isy baction. ¥ou are having a fraction here or you are having a nu
or you exponent is having a power which is negative, okay?

Learners| Yes.

Al So this is the same as two to the power negativeteaeher writesd ¢ on the graph on th¢
left). And this one is two to the power, ofp®inting to the graph on the right

Learners| One.

Al Apositiveong | earners thorhe pPp&X¥ESOH)x. Thatods wh)
facing this sile fpoints to the leftand the other one is facing this sigmiats to the right Now,
(indicating to the graph on the I¢fbut this can be written as a fraction. So when this expong
graph is facing in this directiompg@inting to graph on left sfing downwards from the upper leit)

means you are having a fraction inside hew@rting to the-onw - ) . And whe

this direction {nhdicating with her arms from upper right sloping downwards, for the graph or
right), it means you are having a whole number hereinfing to the 2 onww ¢ ) Okay?

Learners| Yes.

The eacher then dustituted the two points, pIf, and tip that the graph passes through
to evaluat ed(dh @ veadbddé&. Thd eqaiion of the graph wathen

determined athe functiono - 8

Al then usd the similar procedre for the quadratic graph, that is, asking learners to identify

the type of function and what they kwe a b@utandd i ts efréabletosay Lear
that the graph wsaa parabola and to match it with the equation ¢ . But teacher
explanedbefore learnersauld offer a reason for their answer atrdw thetwo parabolas as

shown and asketkarners wht the difference between them snas shown in the extract

below?

Y ¥

Fig 6.8 Graphs for explaining the difference betwegmadraic functiors
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Al What 6s the di ffer ence (Phusdi vearesens tatk,hteasher pdintgao
learner)Yes?( The | earner6s response is inaudibl

Al What is negativePbegins writing on the board above the graph on the rigBiye me a genera
formula? (Turns and looks at learnenWhere do | put the negativéPausei teacher turns back t
the board and begins writing) Itds negative?

Learners| x squared.

Al X squared(writes w @ near the graph on the right then moves to the graph orettheand
begins to write next to it)And this one is?

Learners | Positive x squared.

Al Okay, so just by | oo(padinting tothe graphom thgleftag ph it 6

Learners | Downwards.

Al Downwar ds. I't means youdbre 6ad i s going
(There is a pause while the teacher waits for a response, she moves right and points to the
the right.)

Learners | Negative (some learners are heard saying fraction)

Al ltds not going to be a fraction, itds goi

Learners | Negative.

TeacherAl then substitute the point(s) on the graph, that is,pfl p and pl p to
eval uat e t ddew (p A raadreeteguationdof the graphd@s @ . The next
graph that teachekl deat with was a trigopnometric graph. As | mentioneddnapter 5,
even though trigopnometric functions were not used as part of the textbook araigses
very few teachers dealt with them during the classroom observatibese they did feature

in the lessond, treaedthemlike all other data, as in thisase. Teachekl askedlearners to
identify the type of graph which learne@dwas arigonometric function and padit with

the function, O Acl Teacher then substitwtehe point T UMt in the equation and
obtained ¢, and the equation of the graphdas ¢ O Add There wa a resounding y e s 0
from learners when Al wtedown the equation of the graph.

The last graph that Alnd learners deklwith was a graph of a hyperbola. Learners

identified this graph quickly and matelit with the graph oo

@O apsand the equation of the graphcas -

Table 67 presents the rest of the analysis for episode 2

—. Al then substitutkthe
point TN ¢ which the graph passes through in the general equation to evaluate the value of

Presentation formats

Performance expectations

Injections and
omissions

Comments

The questions in this
episode wergiven as
homework, implyinghat
they were practice
guestions for learners.
However, in class, the
teacher ledhe discus®en
of the questions and
workedthem out on the
board. Hence, | regard
them aswvorked examples
instead of practice
exercises. The two
presentation formats imé
episodes are the
explanatory talk (expand
worked examples (wand

From the gulance by the
teacher, learners v expected
to firstly determine what type o
function the graph is and then
match it with the apppriate
equation. Learnersdithis
throughinterpretingthe
properties of these functions.
Learners wre therexpected to
perform somesubstitutionto
obtain values of the coefficient
&0 in the equa
determining the actual equatiol
of the given graph.

Thus the approach to functions
is global. The substitution done

The questions in
this episodavere
selected from
among 18 in the
textbook exercise
spread ovefour
different function
classes. thereforg
productive
omission

Error: Teacher mistakenly
labeled the two parabolas
inasw ® andw
even though they do not
turn at the origin when
illustrating the effect of the
sign of t ke
inw

Contentoffloaded U
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therefore ajuast at the end is the result of the
deductiveapproach. global consideration of the
properties of the function

Table 6.7 Appropriation of affordances in episode 2 of lesson A13

The two preentation formats fothe whole episode as Table &ffows are thexplanatory

talk (exp) since the entire episode features teacher explanations, illustrations and learner
responses to teacher prompts; followednwykedexamples (we)TeacherAl works onthe

board showing learners how to answeestions Thesesuggest ajuasideductive approach

for the current episode. Identifying the function type for all the graphs involves interpreting
the features of the graphs in order to associate them withtiauter function. This is a
global consideration of the function. Similarly, matching a graph with its general equation
involves global actions.This means that the conception of function in the episode is global,
even though the substituting of poititst lie on the graphs in order to calculate the value of
the parameters in the general equation is pointwi$e substitution is a product of a global
consideration and is a technique that is used to obtain the parameters.

There are no apparentjections to content; the examples foruBtration that teacher Al
broughtin were well within the curriculum of grade 10. However, thmuf homework
guestions weraselected from about twenty questions, meaning that teachdedsoime of

these questions. K4t is noticeable here is that Adhose questions that depict different
function classes, thus giving learners the opportunity to experience interpreting the features
of all the functions. The omissions are therefopgoductiveas the selection of homewkor
guestions seems ntmt detract from the opportunities for mediation.

An important comment from Table 6cbncens an error that teacher A1 madéen she

named the two graphs she usedllustrate tle effect of the parameté&»in & d¢w . She
labelled the two graphs ad w andw , respectively inFig 6.8b even though the
graphsdo not turn at the originThis is an errorWhile this is a serious error as the episode

or more genrally the lesson as a whole was aboierpreting ad applying functional
properties; it is noted that the focus of the illustrations was on the direction of the parabolas,
that is, if they face down or up, and not on the general properties of the graph, and therefore it
is possible that the wrong messad¢he labelling of the graphdid not reachthe learners.

6.3.3.3 Sketching graphs of functions Episode 3

The episode begawmith Al informing learners thiahe objective for the lesson w0 sketch
graphs when given defining equationShe invitedleamers to turn to a practice exercise in
the PreCAPS textbook where the textbook outlines the particular features which learners
should show when sketching graphs of functions as:

9 any intercepts on the axes

1 the coordinates of one other point on the grggesturning point or vertex where
applicable)

1 asymptotes and/or axes of symmetry should be shown where appropriate

9 for trigonometric grphs, show at least two perioflsaridon et al., 2008, p. 330

Al then illustratechow to show periods when working with trigonanie functions. She
chosethe first question® ¢ O Edto work with, but learnerspted fora different question
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(@) - w instead. The first question the teacher putléarners waso namethe type of

function the equation represented and it teokne coaxing from the teacher for leasnt®
answer that the functiowould be a parabola facimpwnwards. The first properties of the
function that A1 and learners investighteerethe &> and thecwrinterceptsof the function.
Teacher begamy asking learners if the graph of the functimould cut thewaxis as
illustrated below.

Al And is it going to cut the y axispduse Is it going to cut the y axis?

learners | No, no.

Al Itds not going to cut the y axis? What is
learners | Zero.

Al If we substitute are, what are we going to gef®(nting to the equatioh - ). When x is

equal to zero what are we going to get for y?

Learners| Zero.

Al Itds a zero al so?
Learners| Yes.
Al (points at the origip So it means this graph is passing tlgio this point.( e ar ner s )c

Doyouagreed(ear ners )chorus O0yesb®d

For the wintercept, teacher followethe same procedure urging learners to substitute the
valuew Tinto the equation to show that ttevalue would be equal to 0 as well.

Al then chee wvalues of 1 and p to evaluate their function values and plotted the points

pN - and plN - on the set of axes as points where the graph would pass through, and
remarked to learners that choosing any valueswbuld yield sméer values ofw that are
negative. Al drevthe following graph as the sketch of the function -®

<4

Fig 6.9 A sketch of the functiom -

One learner wertb theboard and wrot¢he functionw - askingabout ts sketch.
Teacher askekkarners what kind of graph woudtnergeand learners indicatiehat it would
be a parabola because it hasquaed. The teacher then simplifide equation t@o -®

asking learners about the properties of its grdparners indicatkthat the graph would be a
parabola facing upwards because the coefficieat af the equation wagositive.

Al then summarisethe sketching of graphs of functions by referring learners to the work
they did in earlier lessons whémey completed a table of values for the funct@Qm  ®

and its tranformations. The teacher remindddarners that in that work, they concluded that
adding a paramet@dinside the bracket, as iRw @ and" Q& wwould affect thewaxis
while adding the parameter outside the bracket, &dn @and "@ would affect thewr

axis. TeacherAl then poinédout to learners that when sketching graphs of functions, they
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neeckd to decide whkther the transformation affectaétew values or thew values, by
checking on whether the parameter is added inside the bracket or outside the bracket.

The rest of the amgsis is presented in Table 6.8

Presentation formats| Performance expectations Injections and Summary/comments
omissions

This episode bean Various actions on function tasks | Teacher dichot The PreCAPS textbook
with the teacher expected of learners in this episod determinehe introduces the sketching
reading out the included: deciding firstly what type| symmetry, notalk | of graphs wittthree
procedure to follow | of graph the function would be about theurning worked examplesand
for sketching which isinterpretation of point of the these are followed by the
functions from the | properties subgitutingw Tand | parabola. The practice exercissfrom
textbook, and @ Tin the given equation in textbook mentions | which the example in this
explaining the determining the intercepts of the | theseproperties in | episode has been selecte
procedure before graph;substitutings pwé Q the instructions for | It is noted that teacheidl
guiding learners p into the equation to determine| sketching functions, not use the worked
through the process | two more points that lie on the Hence critical examples to introduce thi
using an example. | graph;plotting the crucial points of | omissions unit of the lesso but used
This is therefore an | the function andirawingthe graph a question from the
explanatory text/text| Thus the performance expectation practice exercises as a
(exp),andit is are sequenced in the order: worked example. This is
followed byworked | Interpret properties; Substitutnd an example of instances
examples (wehence| plot and draw when the sequencing in
aquastdeductive The approach to the teaching of the content of the
approach functions therefore iglobal but textbooks is not followed

utilises pointwise actions to sketch by the teacher

the graphs

Table 6.8Appropriation of affordances in episode 3 of lesson A13

The content is offloaded from the REAPS textbook with @ improvisation and therefore
carries the codeffloaded { ). However, thesequencing of content does not follow that of

the textbook. In this episode, the general approach to the teaching and learning of content is
guastdeductiveas explained in dble 6.8 The approach to the teaching of functions is
global as the main performance expectation in the episode is to be able to identify the
different properties of the function and interpret them. This exercise involves a more global
outlook to functons. The pointwise actions of substituting and then finally drawing the
graph result become necessary processes for identifying critical points on the graph.

Al introducedhe sketching of functions through an exercise in the textbook and read out the
procedure to follow from the textbook.However, two of the properties pertaining to
guadratic functions which are listed in the textbook among those which should be determined
include; symmetry and the turnimpint of the function. Al neither explord the symmetry

of the graph nor discusdehe turning point of the function.l consider this is as eritical
omissionon the side of the teacher, as there are implications for opportunities for mediation

6.3.3.4 Class activity on sketching graphs of funcbns Episode 4

In this episode, Al assigda class activity of selected questions from the same exercise in
episode 3 from which the worked example was taken. Leamwee expected to work on
their own as practice exercises. The questions indadkething graphs of the following

functions:d ¢ O Edio - og NATRY o
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Teacher then wadéld around the classroom assisting learners and doing some administrative
work until theend of the lessonin Table 6.9 the rest of the analysis is presented.

Presentation formats

Performance expectations

Injections and
omissions

Comments

Learners worked on
practice exercisefor
the rest of the period
with minimum input
from the teacher.
Therefore there is only
one presentation
format, namely
practice exercises (pr).
The practie exercise
follows from the
worked example in the
previous episode and
therefore the approach
is still quastdeductive

Learners wee expected to
follow the steps which teacher
demonstrated in the previous
episode on sketching graphs
functions These ioludedthe
performance expectations:
Interpret properties,
SubstituteandPlot and draw.
For similar reasons advanced
in the previous episode, the
approach to functions in this
episode is global.

Apparent omissions
in this episode
involve the selection
of questions. The
teacher selected four
out of seven
guestions in the
textbook exercise.
Once more, this is
not an omission that
is likely to detract
from the
opportunities for
mediation, therefore
it is aproductive
omission

For the class
activity Al revers

to using the practice
exercises for
learners to practice
on, meaning that
teacher maintains
the content and its
sequencing in this
episode.

Table 6.9 Appropriation of affordances in episode 3 of lesson A13

For the class activityall the questions werselected from a practice exercise in the textbook,

which means that the content is fullffloaded { ). The activity resuktdfrom a discussion

of aprocedure in the presus episode, and therefore wa a first encounter with sketching
functions for learnershencea quasideductiveapproach. Furthermore since the questions
selected ame from he same practice exercise from which the workedngka was chosen,

learners wee expected to follow the procedure that the teacher demonstrated in the previous
episode on sketching graphs of functions; henagodal approachto functions. With
respect @ omissions, br the reasons advanced in previous episodes, the omissions in this

episode arproductive

6.3.3.5 Mobilising the Textbook in Lesson A13 Synthesis across episodes

In the third lesson, teacher Al offlaadiall content from the PFEAPS texbook (ffloaded
(0 ). The content falls under the fourth content area of the textbook (CA4) on interpreting
functional properties, and except in one incidence where the teacliea ugeestion from

practice exercises as a worked example for introduttia sketching of graphs, the ordering

of the content followd that of the textbook.However, A1 omited parts of the content: in
three of the four episodes in the lessbaot the omissions ar@roductiveas a result of
selection of questions which aat detract from opportunities for miadion. In one episode,

therearecritical omissionsvhere the teacher diabt discuss two of the critical properties of

the quadratic function specified by the textbook as part of the procedure for sketching graphs
of functions; and this has implications for opportunities for mediation.

With respect to the approach, A1 adopts a general approach tnassleductive and a
conception of function that progresses from pointwise in the first episode to global for the

remaining episodes.

Il n this

parti

cul ar I

esson,

Alobs

rel at i

participatory and therefore not a strong teadbgtbook relationship. She offloads all
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content and the approach from the textbook, Imitscritical aspects of the content which
suggests that while there is a relationship, the use of the textbook se¢tode deliberate.

I n fact, Albés participati oatongietehshdréliesornteext boo

textbook for the procedarfor sketching graphs of functions, while omitting critical elements
of the procedure.

6.4 Teacher Alds Mobilisation of t he

This section draws together the results fromahaly®s of the three lessons, Al1l, A12, and
Al13, of teacher Al in ordeio construct a fuller picture of how teacher A1 mobilises the
prescribed textbook in terms of its affordances, that isctmeentand theapproachto the
teaching and learning of this content. The results are presented in T&hle 6.1

Lesson Mobilisation of the Content Mobilisation of the Approach
Coverage| Degree of Opportunities for Degree of Conception of
appropriation mediation appropriation function
ALl CAl ) " Q 00 Pointwise(@")
(week 1 ¢ q
beginning)
Al2 CA3 "0 NE Q 0 "0 Pointwise to globa
(week 1 en) (a+)
A13 CA4 0 € a 00 Global(a")
(week 3 en) € d
err

Table 6.10A s ummar y didatioldt thestextbookb i

Table 6.10shows each lesson and tmebilisation of contenas well as thenobilisation of
the approachn each lesson. These two categories are discussed separately below.

6.4.1 Mobilisation of the Content

Mobilisation of the catent in Table 80is indicated bycoverage degree ofappropriation
andopportunities for mediatian Each one of these indicators is discussed individually with
respect to teacher A1 and her lessons.

6.41.1 Coverage

Coveragedetermines the contentear (CA) under which each lesson falls according to the
four content areas established in the textbook analysis in chaptealso establishes how

the ordering of units in the lesson correlates with that of the textbblo&.three lessons for
teacher A coveedthree of the four content areas as determined in the textbook analysis in
chapter 5 namely, CA1, CA3 and CA4 However, from lesson Al2, learners ansyeker
guestions about turning points of fiions from the teacher, which was an indication that
they knev about the turning point of a function. This suggests that CA2 had been dealt with
in this particular class. Thus in terms of coverage, in the three weeks of lesson observations
for teacher Al, her lessons suggest that she had covered adintemt areas. Furthermore,
except for the incidence in lesson A13 where she chose to use a question from the practice
exercise of the textbook for a worked example, the ordering otah&ent areas in her
lessons, wa.commensurate with that of the FZAPS and the CAPS textbook.
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Teacher Al thereforperceivesandmobilises the coverage of content of the textbook as an
affordance in her practice.

6.4.1.2 Appropriation of Content

Under thedegree of appropriationthe extent to which content is offloadestjapted or
improvised is indicated. As previously explained, the following codes apply with respect to
the appropriation of content:

Code Description

0 Content fully offloaded from textbook
00 More offloading and less improvising

00 Content adapted from textbook and external resour(
‘00 More improvising and less offloading

‘O Content completely improvised

Table 6.11A list of codes in analysing the appropriation of content

From Table 6.10lesson Al1l carries th@ "0) code to show that there has been much more
offloading from the textbook than improvisation13 is completely offloaded with no
improvisatiors, while A12 is completely improvised with no offloading. This implies that

Al shows more reliance on the textbook for delivering her lessons than on other external
resources; thus suggesting an existence of a relationship between the teacher and the
textbook. However, without the evidence of opportunities for mediation that she provides in
her lessosg it is not yet possible to determine how productive for the classroom this
relationship is. Brown and Edelsorf2003 point out hat he degree of appropriation is
oOvahewetral 6 as it neither il uminatend the

adaptations, nor Aqualify the extent to whi
curricular goals carried by teachers or mate

6.4.1.3 Opportunities for Mediation

Opportunities for mediatiorelate to theexistence ofnjections omissons anderrors in the
lessons.. Sinceerrors (err) have implications for the opportunities for mediation, they are
an important aspect of the analysis.

I n two of A1l 6 s robust snpaions('Q¢ YQwhiehrmeansathag A1 brings
additional content that is not available in the textbooks to the lessons to enhance the
opportunities for mediation. Th®bustinjectionsin the lessons suggest that teachers are
able to identify constraints to camit of the textbok and remedy these constraints; which
teacher Al does.

In two lessons again, A11 and A13, which are both mostly offloaded lessons, A1 commits
two types ofomission:the productive omissiorfé¢ & ) and critical omission(¢ & ). The
productive omissiom both lessons relates to the selection of worked examples and practice
exercises from the textbook, which has been shown not to detract from the opportunities for
mediation, and which thmefore suggestdeliberateness on the side tbe teacher.On the

other hand theritical omissionin lesson A13 where teacher leaves out discussion of critical
properties of a function in a lesson where interpretation of these properties is crucial suggests

t hat t he teacher tnstddiberate.Tof i st heer e aetxetsb oao kc d rst r
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textbook use that is crucial to opportunities for mediation in her lessbmefer to this
contradictory use of the textbooktasit (Polanyi, 1967 use.

Lastly, the error in A13 has already been acknowledged and while it is potentially distractive
to the opportunities for mediation, ihi$¢ case it is not related to the textbook and therefore
does not play a part in the teachext interactions.

In summary thereforeAl mobilises the content of the textbook as an affordance in her
practice, and displays an existence of a relationshtp ter textbook judging by the
productive omissionandrobust injectionsn her lessonsHowever, the existence dfitical
omissionsn her lessons suggests in general, thatdvbook use is not deliberate.

6.4.2 Mobilisation of the Approach

The mabilisation of the approacko the teaching and learning of content has two indicators.
Firstly, it is the general approach to the teachand learning of the content; and then the
approach to the teaching of functions from which a conception of functidraped in a
lesson is determined.

6.4.2.1 Degree of Appropriation of the Approach

The general approach to the teaching and learning of content considers whether the approach
is a function of teacher directed pedagogyuastdeductive approach (QDor if there is

initial engagement with concepts by learnemastinductive approach (QI However in

order to determine the degree of appropriation of the approach, it is necessary to determine
whether the approach has been adopied from that ofthe textbook or notdf ).

In the three lessons of teacher Al, the two offloaded lessons cari® acode to indicate

that in these lessons Addopts a general approach to teaching and learning tlpias
deductive,and that this is the sanmapproach that is advanced by the textbooksar the
improvised lesson which deals with CA3 (transformations), the approaphassinductive

and also carries the adoptive code. This meaaisthieapproach in the lesson is adopted
from the approach ahe external resource from which the content has been improvised; in
this case the WMCS workshof.eacher Al thereforperceives andhobilises the approach

of the textbook (and resources she improvises from) as an affordance in her practice.

6.4.2.2 Concetion of Function

The second aspect of the mobilisation of the approach considers the approach that is specific
to the teaching of functions; whether the conception of function advocated in the lesson is
pointwiseor global. For this aspect too, it is nessary to determine whether the conception

of function in the same content area matches that of the text@ookr(not (o .

In lesson All, the conception of function conveyed in the textbook is pointwise, just like in
the textbook on the same content aréalesson Al2, the approach to functions progresses
from the pointwise to the global just liketine WMCS workshop materials; and global in the
lesson A13. It is additionally important to note that the approach to functions progresses
from pointwise actions in lesson Al1l to global actions by the time the content in lesson A13
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is taught; and that thiis the progression in the textbook as well from the first content area
CAL to the last content area, CA4.

Il n both facets of the approach to the teachi
perceives andhobilises the approach of the textbaaskan affordance in her practice. This is

a confirmation of the existence ofs&rongrelationship between teacher and textbook: the
recognition that the textbook affords her not only the content as an affordance to her practice,

but the approach as well.

Theanalygs oft e ac her Aatlod af themooriientland approach of the textbook in this
chapterprovidecritical information aboute a ¢ h e rexteAt bfause of theextbookcontent

and approacln her lessons Theseanalygs provide information laout the extent to which
Al offloads, adapts, and improvisesntent;the extent to which she perceives and mobilises
the instructional approach of the textbook; and opportunities for learningediesan her
lessons. The results of theapaly®s areused to reach conclusions pertaining & the
deliberateneser nondeliberateness of theseof textbooks by Alb) the level ofher PDC;

and c) the typefaeachestextbook relationshighat exists between Al and her textbook

6.5 Conclusion

In this chapter, the interactions between teacher Al and available resources were explored, in
order to understand better how teacher A1 mobilises the affordances of the textbook in her
practice. The process has identified three indicators for mobilising thentohthe textbook

as: theextent of coverage of conterihe degree of appropriation of the conterand
opportunities for mediationthat teacher creates in the classro@n the other hand, the
analysis provides the indicators for the mobilisation of #pproach as thelegree of
appropriation of the general approadh the teaching and learning of the content, together
with the specific approach to the teaching and learning of functions that indicates the
conception of functiononveyed in the lesson.

The investigation of teacher Al using these indicators has shown that while the different
indicators together point to the existence of a strong relationship between the teacher and the
textbook, it is mostly in th@pportunities for mediationthat is, inthe kinds ofinjections,

omissions and errorsthat the teacher makes in the classroom where the deliberateness of
textbook; the kind of relationship that exists between the teacher and her textbook; and
consequently the teach eterimied. dleesekiggence ofiicplac i t vy,
omissionsanddistractive injections n t he teacherds | essons poir
not deliberate and tacitji) PDC that isnot high and therefore iii) a teach&sxtbook
relationship between the teaclaed her textbook that while it may be strong, does not reflect

the participatory nature. | refer to this type of tead¢bgtbook relationship in the study as

being notintimate In other words, Al utilises the content and the approach of the textbook as
affordances in her lessons, and this suggests a strong relationship between her and her
textbook. However, because she omits critical aspects of the object of learning from the
textbook which detract from opportunities for mediation, her PDC is not laigth, her
relationship with the textbook st intimate
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Thus, the analysis of teacher Albés | essons
investigating teachersdé6 capacity for pedago:
lessons in the néxchapter. How teachers perceive and mobilise the textbook affordances

and the opportunities for mediation they open up in the classroom should help in determining

the teachetextbook relationship for the teachers participating in this study.

In the nextchapter, the study poses the following questions for the teachers participating in
this study with respect to their mobilisation of the textbook

a) Is textbook use among teachers deliberate or tacit?
b) Are teachersd desi gn Iictaaget@ns withitheirdextbookgh or |

C) Are the teachetextbook relationships participatory and intimate?
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CHAPTER 7
T e a ¢ hPedagogicaDesign Capacity

It is the skill in weaving various modes of use together and in arranging the various
pieces of tk classroom setting that is the mark of teacher with high PDC, not whether
they happen to be offloading, adapting, or improvising at any given moment

(Brown, 2009, p. 2P

71 Introduction

The objective of the <current study is to |
pedagogical design capacity (PDC) and the affordances of the textbook in the mediation of

the object of learning. PDC describes the capacity of teachirgperceive and mobilise

existing resources in creating deliberate and productive instructional ep{Bodes, 2009.

Thus, PDC involves the processes of perceiving and mobilisingetieook affordances.

However, as Brown stipulates,

PDC is not simply an indicator of whether a teacher will be likely to design something for
t he cl assr oom; it i s an indi cator of whet he
beneficial (p. 31)

To this effect the processes by which teacher A1 mobilises the affordances of existing
resources identified in chapter 6, provide this chapter with analytical tools for illuminating
teachersé PDC, t hat i s, how fuepic b gBtmve, @ r af t
2002, p. 8 in their interactions with the textbc
mobilisation of the affordances of the textbook does not end at identifying the different
modes of textbook use that teachet Amploys, for example, offloading, adapting, and
improvising the content and approach; but goes further to examine the opportunities for
medi ati on embedded in teacher Alds | essons.
Amanner and d e ghers ereate aleliberate, productive aeasigns that help
accomplish thei (rownn20@9rpuZPt i onal goal so

The present chapter undertakes dinalygs of the seventee(17) lessons of the remaining

six teachers participating in the study to determine how they perceive and mobilise the
content and the approach of the textbook; and what opportunities for mediation they provide
in their lessons. Thanalygs utilise the mdicators for mobilising the affordances of the
textbook as determined in chapteaur@dpresented ifrig 7.1
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mobilisation of
affordances

mobilisation of mobilisation of
the content the approach

. . ReeE degree of appropriatio|
degree of appropriatio| opportunities for degree of appropriatio| L
coverage of content mediation of the general approach giileieonespional
function
- offloading - injections . . .
- content areas ) . - quastdeductive| - pointwise
) - adapting - omissions . .
- ordering of CAs . ) - quastinductive - global
- improvisng - errors

Fig 7.1 Indicators for Mobilising the Affordances of the Textbook

The indicators forthe teacher mobilisingthe content include:coverage degee of
appropriation,and,opportunities for mediatiothat the teacher provides in the lesson. The
indicators for the mobilisation of the approach on the other hand consist dédhee of
appropriation of the general approadb the teaching and leang of the content, and the
degree of appropriation of the approach to functions

72 Determining Teachersoé6 PDC

Theanayses f or teachersd mobilisation of the aff
six teachers are undertaken to investigate teacher mobi | i sati on of the ¢
approach of the textbook in their practice.
are utilised as analytical tools for the mot

mobilisation of he content is explored and discussed separately from the mobilisation of the
approat

721 Teachersd6 Appropriation of the Content

Table 7.20n the next pagpresents the results of the analysis of teaéhersno b i | i sat i
content. These include theesults on: thecoveragewhich illustrates the content area(s)
covered in each lessotie degree of appropriation of contesihowing how teachers offload,
adapt or improvise in lessonand theopportunities for mediatiorwhich illustrate the
injections,omissionsanderrorsi n t e a c h e r gether, Ithese sdicatsishow The

extent to which teachersd mobilisation of
the classroom, thus illuminating etheecodesnt s
used in the analysis below:
Code Description Code description

0 Content fully offloaded from textbook "Q¢ "Q | Robust injection

0 "O | More offloading and less improvising "Q¢ "Q | Distractive injection

0 'O | Content adapted from textbook and external resourf ¢ & Productive omission

‘00 More improvising and less offloading £ Q Critical omission

O Content completely improvised

Table 7.1Codes used in the analysis of the mobilisation of the content
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Text book

Table 7.2 Teachersd Mobilisation of
Appropriation of Content Comments
Teache LESSaEm Coverage| Degree of | Opportuniti
r appropriati es for
on mediation
All (week 1) CAl 0 O 0E Q CAPS textbook used
Offloadeddefinitions, exerciss
Function notation ) ¢ q Injectedthe vertical line testr¢bust)
Omittedsome worked examples and exerciggeductive)
Vertical line test ‘0
. A12 (week 1) CA3 0 0EQ WMCS materials used
5 Injected horizontal shifts/stretch/compressiomshus)
G Transformations of the quadratig
s function
= A13 (week 3) CA4 0 £ a Pre CAPS textbook used
Offloadedhomework exercises, procedure for sketching functions, practice
Determining equations of graphs £ a exercises
of functions Omitteddiscusson of some properties when sketching graghisidal)
o1 i Omittedsome exercises and worked examppgsductive)
Sketching graphs of functions Error unrelated to textbook:
A21 (week 1) PreCAPS textbook used
Offloadedclass activity
Introducing functions CAl v O Q¢ Q Injectederror with mapping diagramsligtractive)
confusedd o#oenany 6 wi-todhn @dnafpiynj ect ed cont
Drawing graphs of functions Qi i
D A22 (week 2) CA2 0 £ a Pre CAPS textbook used
5 Qi i Offloadedhomework exercises
5 Properties of functions Omittedquestions dealing with all other properties of functions except symmet
s (critical)
= Did not recognise the lin@ @as an axis of symmetry fos - despite the
textbook explicitly showing it
A23 (week 3) CA2 0 0t Q 6Bl ue Book6: workbook from the RADI
Qi i Injectedfunctions dealing with horizontal shifts but through pdigtpoint plotting

Progerties of the hyperbola

(distractive)

Didnot Oappreciated fhypeholaser t i c al

asy
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Appropriation of Content Comments
Teache LesEan Coverage Degree_of' Opportuniti
r appropriati es for
on mediation
A32 (week 3) Omitted other values ofdin determining the effect @bin ® ¢ , eg®d
Transt _ ‘o boial CA3 o o 0¢ FQoinstead only used  p (critical)
ransformations of the parabola gQZ Q Injectedthe vertical line test and other methods for distinguishing between
Sketching the parabola CA4 functions and noifunctions (obus)
A33 (week 3) "00 PreCAPS textbook used for a worked example
B on interpreting functions
Sketching the parabola CA4 O Qe Q Injectedcubic functioms and other functions which amet part of the grade 10
2 syllabus for illustrating domain and rangek{us)
o Properties of functions CA2 0
e
Q
o Interpreting graphs CA4 0
= A34 (week 3) Pre CAPS textbook used for homework questions
However worked examples and homework for next lesson assigned dDAPS
Properties of functions and CA2 0 e Q textbook (both textbooks have similar questions)
determining equations of graphs Injecteda function depicting a horizontal shift in order to illustrate how the dom
of a hyperbola function is related to its asymptotd(s)
Interpreting graphs Solutions from textbook contaéd errors which cawesd a heavy disagreement
CA4 0 Qi (in between teacher and learnecgr(straint for textbogkand raises issues of
textbook) [6aut horityd6 in the classroom
A41( week 1) CAl1 ‘00 PreCAPS textbook used for one question for class activity
Drawing the graph ab @ p alone takes 45 minutes: lesson characterised b
Introducing functions periods of long unfocussed discussions
A42 (week 3) PreCAPS textbook used for class activity and homework for next lesson
_ _ Homework questiondiscussed in class include oo phQw oo oh
< Properties of functions CA2 Ou Qi1 | ow - dioe o T de ¢ depicting variance and invariance: 3 i
< kept constant in atost all functions as the functioaary. However, all graphs
E were drawn using poidby-point plotting despite the fact that they incldde
3 transformations. Ithe lesson the transformationsre@ot discussed(mismatch
2 in the sequencing of units withet textbook
the asympttic behaviour of the hyperbola waot reflected on the graptrigical
omission
A43(week 3) Another lesson dominated by unfocussed long discussions and debates for 5
minutes
Properties of quadratic functions| CA2 0 Qi i Error on restricted domains is made by the teacher in her explanations even t

the textbook contains a section of restricted domain
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Appropriation of Content Comments
Teache LesEan Coverage Degree_of' Opportuniti
r appropriati es for
on mediation
B1l1l(week 1) No obvious resource used
Injected horizontal shifts to contrast vertical shifteljus)
Transformation of the parabola | CA3 O NEQ
- (vertical shifts)
g B12(week 2) Resource used not obvious+
5 B Injectedhorizontal shifts to contrast vertical shifteljus)
s Transformation of the parabola | CA3 0 Qe Q
= (horizontal shifts)
Interpreting graps CA4 0EQ
B21(week 1) Resource usedot obvious
Mediation brokedown: object of learning not in focus for learners resulting in
Terminology on functions CAl kO] confusion
Properties of linear functions CA2
N B22 (week 2) PreCAPS textbook
5 Class activity offloaded
5 Properties of the exponential CA2 ‘00 Q1 1 | Usedw ¢ as an example for functions with pin® & resulting in
§ function ¢ & erroneous mediation. Leaners had suggested -
Omitted other questions relating to the exponential function during class activit
and assiged questions on the quadratic functimistead €ritical)
B23 (week 4) Improvised content is available in PBAPS and CAPS textbook
Sketching graphs of functions CA4 ‘0
C11 (week 1) Teacher prepardtandwritten tasks on transformations of functions. Questions
8 innovative and quite different from textbooks tasks
5 Properties of the hyperbola CA2 (O] Homewor k questiommet akaln 'o okbsandad @
5 content to that of the textbook
§ Transformations of functions
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Teache
r

Lesson

Appropriation of Content

Coverage

Degree of
appropriati
on

Opportuniti
es for
mediation

Comments

C12 (week 2)

Properties of furtions

CA2

‘00

Q¢ 0
£ a

Qi (on
handout)

A handout
functions
Homework questions offloaded from PEAPS textbook at end of lesson
Injectedfunctions depicting horimntal shifts in explaining the relationship betwe

the asymptote of a hyperbola function and its domain and iange — R
(robust)

The handout conta@utwo errors: shows only the ling was the line of
symmetry for - (teacher dichot correct this); shoedthe range 06y @ ass
instead oftv Tt (teacher correctetthis error);

Omits the following key features of functions from discussions: symmetry for
W o ; increasing/decreasing intervals tor -;

Teacher exteretla textbook exercise which chamigbe sense of the question fro
sketching graphs of questions to determining their properties

from a é6commerci al wor kb

C13(week 3)

Properties of functions

Past examination questions
(interpretation)

CA2

CA4

PreCAPS textbook usefibr homework questions

Past examinations papers for class activity exercises

Going over homework, learners drghe graphs of functions using peioy-point
plotting instead of sketching the graphs as per the textbook instructions

Learners disregaetdithedomain T f Mp provided for the functiodd - and

drewthe graph as if the domain is thet of real numbers (teacher diot pick up
on this)
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The discussion of Table 7.2 begins with the appropriation of the content and its implications

for t e a ChTdhis is folloked bya discuss on and i mplications fo
how teachers appropriate the approach of the textbook. There are ya/thatthe results in

Table 7.2can be interpreteds discussed in chapterwith the teacher as the unit of analysis

from which we can sag o met hi ng about the individual t e:
unit of analysis. The latter enables the study to generalise about the processes by which
teaders mobilise the affordanceshe study therefore considers the lesson as the unit of
analyss and the interpretation of the results that follows considers the twenty lessons in the
study (including teacher Al) and attempts
perceiving and mobilising the affordances for productive instructional episodes.

In this section, the issues of coverage, degree of appropriation of the content and the
opportunities for mediation in the twenty lessons are discussed.

7.2.1.1 Coverage

In terms of coverage, the results in Table 7.2 show that among the seven teachers
participating in the study, five of them, namely Al, A3, B1, B2 and C1 eowvat four
content areas (CAl to CA4) as determined in the textbook within the four week period
allocated for the teaching of functiongzurthermore, except for teacher A3, tteachers
sequence their content areas in the same way as the textbook. Thus, these teachers perceive
and mobilise the coverage of content as an affordance in their les§easher A3 on the

other hand weavedhe content areas together to produce ictitvoal episodes which
respon@dto her goals. For example, in her first two lessons A32 and A33 which came one
after another (with a space of one day in between), the study of transémsnaf the
parabola (CA3) ledo its sketching (CA4) which led titnve discussion about the domain and
range of functions (CA2) and then to interpreting the functional properties (CA4).

While the odering of the content areas didt resemble that of the textbook, aslzole her
designs for the classroom laythin the mnge of the content areas in the textboBkr two
teachers A2 and A4 however, they cam€Al and CA2 over théour weeks, and they did

not deal with CA3 (transformations) and CA4 (interpretation of functionghelin case then,

the teachers didhot perceive and mobilise the content coverage of the textbook as an
affordance in their lessons.

At a very basic level therefore, the inability to perceive and mobilise the content coverage on
the part dteachers A2 and A4 imdicative of a weak relationghwith the textbook.If they

do not cover two of four content areas in the textbook, it suggests a non
collaborativéparticipatoryuse of the textbook on their part, a point that has implications for

t eac her OdthePoe& hand, for the other fitwachers, there is an indication of a
participatoy relationship with the textbookHowever, this is not enough yet to make
suggestions abotitet e ac her sd PDC.

In the next sections, more indicators on the appropriation of the content of the textbook are
explored in order to shed more light on the teat&etbook interactions in these lessons
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7.2.1.2 Degree of Appropriation of Content

The degree of appropriation of content is the next indicator discusgefines the extent of
the reliance on the tebwok of the teachers for the delivery of lessons. From TaB)el%%
of the lessons we fully offloaded { , 5% wee offloaded with some improvising O ,
9% adaptedO | , 43% wee improvised O , and 24% wee largely improvised but with
some offloading”O0 . This information is presented pictoriallyfig 7.2.

adapting offloading
9% 19%

offloading.wi
improvisation

improvising with
p g 506

some offloading
24%

Fig 7.2 Degee of Appropriation of Content

On one levelFig 7.2 shows that the teachers in the study improvise much more than they
offload, meaning that they rely on their pmmal and external resourcesre than they rely

on the textbook for the delivery of theé@ssons. In roughly half of the lessons, teachers use
external resources exclusively for delivering the lesson against only a fifth of the lessons in
which they exclusively use the textboo®n another level however, offloading of the content

of the texbook occurs in more than 50% of thelesson i f t aki ng Oadapti ngo¢
withsome &6 f | oadi ngdé i nWhat this pains highlights astthatonot.offloading

from the textbook does not necessarily imply that the textbook is not being Uséatt, if

one considers the individual Iyteaatbenresultsin i t [
Table 7.2do not reflect offloading fosome form from the textbookFor all the other six

teachers, their appropriation lessons incldes some egree of offloading. Thus, the

teachers in the study use theegmribed textbook; admittedly witkiarying degrees of
appropriation, but they use their textbook.

This declaration however does not telh us ar
the textbook than we know so faFor example, we already know from the previous section

that teacher A2 has not completed the curriculum requirements for functions and therefore

her relationship with the textbook is being questioned; yet she is dheeefteachers who

offload content in the study.On the other hand, teacher A1 and A3, who mobilise the
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coverage of content in their lessons and therefore have some relationship with the textbook,
also offload some dheir lessons to the textboolBrown and Edelsor{2003 confirm that
the degree of appropriation does not address the quality aobmiion but only the

quantity.

This scale of offloads, adaptations and improvisations provides a means to classify the

natur e

of t he

teacherso
contributions of instructional resourceslattistributions of design responsibility. In doing

partnerships

Wi

so, the scale is valugeutral, for it says nothing of the quality or effectiveness of each
case, nor does it qualify the extent to which each example supports or departs from the
curricular goals carrielly teachers or materials. (p.7)

In other words, offloading and similarly improvising are done by teachers with or without a
relationship with the textbook, and therefore more delineation of the elements at play in the
offloading and improvising of the ctemt is needed in order to understand better how these
elements play out and their implication to the teatértbook relationship With respect to

t h e r mprovise does nat previdé iesighhto h e y

t he

t eacher sbo

PDC

their PDC, apoint asserted by Browf2009 in the opening quotation of this chaptefhe
next two sections delineate the processes of offloading and improvising by the teachers.

7.21.2.1

Delineatio n

of

Teacher sbo

Of fl oads

t h

c

In this section, the study explores the lessons for what aspects of the content teachers offload
from the texook. All lessonswhich involvel offloading, that is, those carrying the codes:
(6 ), ©@and (OO ) were analysedfor the presentation formats which teachers offtahd

from the textbook.Table 7.3 presents the results of this analysis.

Lessons Presentation formats offloaded Comments

A11 (@0 ) Explanatory talk All presentation formats offloaded
Worked examples
Practice exercises

A13 (U ) Practice exercises (Homework) All presentation formats offloaded
Explanatory talk
Worked examples
Homework exercise for next lesson

A22 (0 ) Practice exercises (Homework) Only presentatin formats in the
Practice exercises lesson

A34 (0 ) Practice exercises (Homework) Only presentation formats in the
Worked examples lesson
Practice exercises

A21 (0 'Q Practice exercise Explanatory talk, worked examples

improvised

A33 (‘O0 ) | Worked example Everything else improvised

A41 "O0 Practice exercise Everything else improvised

A42 ("O0 ) | Practice exercise Everything else improvised
Homework exercise for next lesson

B22 (I+O) | Practice exercise Everything else improvised

C12 (1+O) | Homework exercise for next lesson| Everything else improvised

C13(0 1) Homework exercise Everything else improvised

Table 7.3 Offloaded Content in the lessons
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In two of the four lessons which are completely offloafled, the teacher offloadsxercises
including the explanatory talkin lesson Al1, all definitions and descriptions are based on
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the content in the textbook, together with the worked examples and practice exercises in
terms of a class activity.In A13, the explanatory talk offload involves the procedure
outlined by the textbook for sketching graphs of functions which sbptaénd explains to
learners. The other two lessons only include exercises and no other presentation fdrmats

the rest of the lessons involving offloadjrteachers offload some form of exercise; worked
examples, homework exercises and class activities. Thesteachers in the study mostly
value the textbook as a source of exercises.

7.2.1.2.2 Delineation of Teachersodé | mprovisation

On the other hand, eloser look at the content teachers improvise in lessolectethree
main observations. Firstly, there are representations of functions not privileged by the
textbook which teachers bring into the lessoRer example, teacher A2 represefunctions

as mapping idgrams; teacher A1 and A3Jitg in the vertical line test for distinguishing
betwea functions and nefunctions.These kinds of additional content are discussed in later
sections under opportunities for mediation.

Secondly, teachers utiés external resources other than the prescribed textbook for
explanations and/or exercises for content that is quite similar to iwretailable in the
textbook. For examplejn lesson C11, teacher C1 structutke lesson around a handout
extracted froma commercial workbook on properties of different function classes shown in
Fig 7.3a.

“Linear function®:| “’Quadratic’["¥| "< Exponential “'7'|"i" Hyperbola’
1
»re=x y=x y=bt e
4 y y ¥
) A 0
|
AW 7 {

|
i

.', R R R (~ao; 0) W (0; #0)
f-_-' R [0; +x) R (—01 0) (0 +<2)
< 0 0

. 0 0 1

) (0; 0) is a minimum

‘: ,,,,,, y=0 x=0;y=0

: 8 MY e no symmetry x=0 no symmetry y=-x

o mwm‘smm 3 M m Sk R (0; +) R

O s . (-0:0) - (01 0) u (0; +e0)

Fig 7.3a A handout used in lesson C11 and C12 on properties of functions

The handodf summarises the following properties where applicable for the four function
clasgs taught at grade 10 level: domain, range,and wintercepts, turning points,
asymptotes, symmetry, and intervals on which the function increases or decr8asesr

¥The handout contains errors as well which | come back to in later sections
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information is available in the CAPS textbook where the summaries of properties of
functions are provided as shownhig 7.3b While the handout has all properties on one
page, the textbook provides a more detailed summary of the properties of each function over
several pages as each function occupies its own fége’.3b showshe summary tables of

two functionsin the CAPSextbook.

The rectangular hyperbola y = f (x) = 3‘5 The exponential function y = k5 k> 0and k # I

The equation of the function y = f(x) = %can also be written + The graph of the function y = f{x} = &*for k> D and k # 1 isan
exponential curve.

sy =1 . L. « Natice that for k = 1 the function y = f(x} = k¥ = 1* = 1 is not
« The graph of this function is called a rectangular hyperbola. an exponential curve but a straight line parallel ta the x-axis and
« The domain of y = f(#) = Lis all real numbers except 0, R — {0}. for k < 0 no continuous curve can be drawn.
It can also be written as{x/—w<x<OorO<x<w}. « Thedomainofy=f(x) = kfork>0and k # 1 is R, the set of
real numbers.
A third way of writing this domain is (—; 0) U (0;). « Therangeofy=f(x) = k*fork>0and k # 1is(0; =) or {y /y > O}.
This is a combination (called the union) of the two open intervals ||» All graphs with an equation of the form y = fx) = k" fork >0

(~2; 0) and (0;) and k # 1 cut the y-axis at (0; 1).

_ s ; « The greater the value of k > 1 the steeper the graph of y = f(x) = k"
« Therange of y = f(x) = 5 is (like the domain) all real numbers . The y-values on the graph of y = () = k*for k > 1 increase as the

except 0, R — {0}. values of % increase.
The range can also be written as{y/ —0 <y <00or0<y<wL |l When0 < k < 1, the smaller the value of k, the steeper the graph

P o S ) ofy=f(x) = k.
A third way of writing the range is (—; 0) U (0;). . The y-values on the graph of 3 = () = k*for all 0 < k < 1
o The graph ofy =flx) = % has two axes of symmetry: y = » decrease as the x-values increase.
andy = —x. « The graph of the function y = f(x) = ¥ for k> 0and k # 1 has

a horizontal asymptote with equation y = 0.
« Fork > 1 the graph approaches the negative x-axis asymptotically.
This is a sketch of y = f{x) = 2*

o The graphofy=f(x) = % has two asymptotes.
The horizontal asymptote is the x-axis with equation y = 0
and the vertical asymptote is the y-axis with equation x = 0.

o Thisis a sketch of f(x) = %:

O\V

Horizonal asymptote: y= 0
> x

« ForQ <k <1 the graph approaches the positive x-axis asymptotically.
This is a sketch of y = f (x) = (%)

¥

\,
N

\

Horizontal asymptote: y=0 *\ |,
R
A

Vertical asymptote: x

N =1;2y
0:1)

Harizontal asymptote: y= 0
[1]

Fig 7.3b Summary tables for the hyperbola and the exponentialiumitbom the CAPS textbook
(Pike et al., 2011, pp. 15465

A comparison of the handout versus the summary tables from the CAPS textbook also shows
mathematical errors in the handout the teacher uses in these two lessons:

The range of the functio® ¢ in the handout is incorrect (it should bel] H ) and the
handout does not specidbywhhehréeberitekt boskod
The handout shows only one line of symmetrydior -, the linew  wwhen there should

be two ofthem; the textbook shows the other line of symmebry, was well

The point being made in this example about

prerogative to use other resources other than the prescribed textbook (CAPSCéPBre
textbook),when they choose resources with less information and which contain errors such as
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the handout n t eacher Cihétextbbok costane the sanmeiinfoanation and is
errorfree, this suggestsveeakrelationship with the textbook

There is @irther evidence of the relationship with the textbook that could be described as
weak also provided by teacher Candthat applies to other teachers in the studwy the
lesson Cl2teacher Clroducedcher own practice exercise for learners on transformation of
functions shown irfFig 7.3c

@ )= o1 6 F60=2" (U f)=2 @ Ho) =x-l © fe)="

Of)=zy O FI=
J

ATUES

Fig7 . 3 ¢ T e apcabtieerexefCided sansformations of functions

In the exercise irFig 7.3c the task is to match a grapith its appropriate function.lt is
noted that the CAPS textbook utilises the same matchiategy for determining properties
of the transformations of functions for all function classes as illustratéig ih 3d.

Graphed are the functions

y=—x-1
y=—x+1
y=—x+4.

/I

-5 4 2 1" \ %
[ fw/ INAN
LA LA
TABNENN

a) Match the numbers on the graphs (i), (ii) and (iii) with their]
defining equations.

Fig 7.3d A matching question from the CAPS textb@@ike et al., 2011, p. 1$2

In other words, teaché&®l improvisedcontent that is very similar to the textbook, begging a
guestion whythe teacher didnot just uge the textbook insteadWhile here | can only
speculate (CHoes not get to explain this decisipthis example andtbers like it suggest a
tacit use of the textbook by teachefFhe question ariseghy spend lots of time preparing the
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same thing thatsi available in the textbook, photocopy it, as teacher did when learners all
have a textbook, if it is na@bout use that is ndeliberate?

The last observation for the improvised lessons pertains to cases where a deliberate choice of
external resources @pproach to teaching and learning is made by the teagkeBrown

and Edelson(2003 point ou , Il mprovisations woud tdachgrener al
recognizes additional opportunity in a classroom situation and possesses the necessary
knowledge and skill to depart on a new instructigratltdo  ( pTwd tgachers fall into this
category in thetady. In lesson A12 of teacher Al, she structlitee whole lessoaround a
worksheet from the WMCS workshop on functions which apprahtie transformation of

the parabola through the parent function approach whereby functions of the fof@w

W and® "Qw « wee contrasted around the parent function "Qw in order to
determine their effects on thmarent function. The worksheets an activity that the teacher
usedthroughout the lesson. Teacher B1 addphe same parentifiction strategy, except

that in her case, the resource slasusing wasot visible.

These two examples point to a different type of improvising which brings content that is not

yet required at the particular grade level, but which teachers need ito arsker to achieve

their instructional goals. The textbook is not being used phyasical sense, but there is a

certain deliberateness to the decision not to use the textbook because the textbook in these
cases does not s er v ds, sbneeaihdr persendl oriextesnalrrasauiicd o n a
does. These kinds of improvisations are discussed in later sections but they begin to point to

the aspect of deliberateness in the mobilisation of the resources which is a characteristic of

t eac her s 6 Is@ibDditatehd demrglity af the approach to the teaching and learning
of content in the teachéextbook interactions.

The delineation of the offloads and improvisations in the study shows that teachers in the
study mostly utilise the textbook for exeses. Howeverwhen it comes to other aspects of

the lesson they either use their personal resources or external reswerceéisougrsome of

the content that they improvigeavailable in the textok. This suggests textbook use that is

not deliberateand contrastswith Sher i n a 2009 bBndiage m dheirstudy where
teaches 6 use of c ur rsinot hdpazand. Thastthe teacherssn nspualy do

not fully perceve and mobilise the content of the textbook as an affordance in their practice;
pointing to a relationship that may not be described as a close relationship. The fact that the
improvised content could be mathematically erroneous confirms these initi&@ssgs of

the teachetextbook relationship and begito suggest thereforetacit use of the textbook.

The next section provides the last indicator of the appropriation of the content of the
textbook, the opportunities for mediation that teachers peavidhe lessons.

7.2.1.3 Opportunities for Mediation in the Mobilisation of Content

The opportunities for mediation in the study are characterised by three constructs of
injections omissions and errors (refer to Table 4.4for a description of these dgtcal
constructs). The analysis in this section derives from Table 7.2 in which the resuhg of
analysis for each lesson are presented. Thesdts are discussed separately starting with
injections.
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7.2.1.3.1 Injections

With respect to injectias) two kinds ofanalygs are reported in this section.
study reports on the disbursement of the injections throughout the lepsesented irFig

Firstly, the

7.4; followed by the nature of the injectignehich is presented in Table 7.4To recap,
robust injections Q¢ J@nhance opportunities for mediation, and distractive injectiis JQ
detract from the opportunities for mediation.

8

offloading offloading
with some
improvisation offloading

improvising  improvising adapting
with some

inj-

inj+

Fig 7.4 Injection of content in lessons

With respect to the disbursement of the injections througiheutessonskig 7.4 shows that

there are moreobust injectiong(82%) in the lessons thadistractive injectiong18%) In

other wordsteachers brought into the lessons more content that enhanced the opportunities
for mediation than content that detrattérom opportunities for mediation. Another
observation is thatobust injectionsare occurring in all types of desons except in adapted
lessons reinforcing results from chapter 6 thaathers inject content that enhances the

lessons whether thegre dfloading or improvising. The distractive injectionsoccur in

adapted lessonand improvised lessondt. is noted here that the distractive omissions are
made by the same teacher, which could abdéunction ofthet eac her 6 s
knowledge.| come back to this point later in this section.

subj ec

Table 7.4 describes the differeimjections which teachers make in the lessons populated
from the analysis of the lessons in Table. 7.Phe exploration here is about the kind of
content that teachers injectarthe lessons

Lesson Robust injection Description Comments
C12 Functions depicting a Injected in order to explain the relationship Robust
horizontal shift between the asymptote of a parabola and its | injection
domain and range
B12 Horizontal shifts Content not yet required at grade 10 and injec{ Robust
in order to provide contrast to the teaching of | injection
vertical shifts
A34 A function depicting a Injected to illustrate the link between domain ai Robust
horizontal shift range and the asymptote oéthyperbola functior] injection
A33 Cubic functions and other | Injected for illustrating how to obtain the domai| Robust
functions not in grade 10 and range of a function from its graph injection
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syllabus
A32 The vertical line test The test is usefbr distinguishing functions and | Robust
no-functions injection
A23 Functions depicting a Function drawn using poisiy-point plotting and | Distractive
horizontal shift not through sketching injection
A21 Mapping diagrams Teacle r i nt er etdinmanngyeGs wbietn Distractive
representation of functions [toone & mappi ngs r es ul t]injection
mediation
Al12 Horizontal Injected to contrast vertical shifts etc in the Robust
shifts/stretches/compressiol transformation of a parabola injection
All The vertical line test Injected to distinguish between functions and | Robust
nonfunctions injection
Table 7.4 Teacherso injections of cont

Table 7.4 shows fouaspects of the contetitatteachers inject into the lessaas

1 horizongal shifts which are required at grade 11

1 cubic functions and other functions which learners will encounter in subsequent
grades

1 the vertical line test for distinguishing beten functions and nefiunctions;and

1 mapping diagrams.

The vertical line tesand mapping diagrams may be introduced at grade 10, but the textbook
does not privilege them, hence why thiegve beencategorised as injections instead of
improvisations.

The horizontal shifts we introduced in five of nine lessons iniaininjectionsare made and
becane the most @pular injection in the studyin two of these lessons, the purpose of
injecting the horizontal shifts wao help learners learn about the vertical transformations by
experiencing the difference thi horizontal transformatits; learning through variance and
invariance as Watson and Masd@006 call it. This injection therefore enhances
opportunities for mediation just like in lesson A12 of teacher Al described in cBapter

Another leson that brings this contrast ia lesson B12. Teacher B1 adoptl a parent

function approach to transformations of the quadratic functi @ . After the

exploration of the effect of the functions of the foi@w  @which depict a vertical shift

she askd learners about what theyahghtt he ef fect @f i pbadenghehé
would be:

Teacher | This is what we have foy equals to xteacher has drawn the graph @ & on the boarjl So,
before you continue, | want to find out, because we did something last week that in actual f
still remember that thing that we did? What happened now when we say y is eguoafaus x
squared rites w ®w). Whatdés going to happen to thi

Learner 1| The graph will go one unit down

Teacher |One unit down. The graph wil/ go ohe unit

Learner 2| The graph will face downwards.

Teacher | The graph will face downwards, anyone? Oh the graph will face downwards?

Learners | Yes.

Teacher | (goes back to the board and begins wriji@kay, so what about if you get something like this @
x squared plus oneWfites« o on the board.
We did this particular one, uh, yes%ofnts to a learnej

Learner | The graph will go one unit up.

Teacher | The graph will go one unit upwards, hey? In other words the number that you gepdiats {0
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the number Lo w p isthe shift, ja?
So, if you get, if you have y equals to x squared, um, minus one. Or minus ten. Let me red
one, minus fourritesw @ 1 on the boardlyes?

é

Teacher |[What 6s going to happpluson®éitesor wgpaph if yo
So, whatdés going to happen -drdinata? hgive yop lzalf & mirat
to get the cenrdinate out of this particular one, ne? (Points to the board.)

é

Teacher | (begins joining all the poinjsSo, it says that our graphwille goi ng thi s wa
here and then it goes up like th&o, when you compare with the original one, tell me w
happened to this particular graph, when you compare with the original one?

Learner ltds shifted to the | eft

Teacher | It 6s shifted to the | eft. So wiitesto iws ¢ tadmée
board. Can you quickly now without the waste

After the examples of the formdb "Qw @ teacher wrte examples of functions which
depicedboth the vertical and the horizontal shift, for example, ® ¢ o, for which

learners hd to decide on the turning points of the functions drgwiom the conclusions

they hadust made.The CAPS textbooks agts a parent function approach but does not use

the contrasting of the vertical and horizontal shifts as horizontal shifts feature from grade 11
only. Fromteacer B106s approach, | ear naousthelfeanvadd an o
functions depictingeither a vertical or horizontal shift through the varying of the position of

LN

G atwi ® worQw @ . Thisis amtherexample of a robust injection.

In two other lessons, C12 and A34, the funtiaepicting horizontal shifts wesinjected in
order to illustrate a relationship between the domain and rahge fanction and its

asymptotes. For example, in lesson C12, teacher Cledjkoictions such azo — p
andw — v shown inFig 7.5 to show that for a function expressed in the faim,
— N, then the vertical asymptote of sucfauncti on equards amide t heal

horizont al asympt gdwhile thegqdoraainsand trahge ofvtha functeon avef 6
determined a& fjandw 1, respectively.

Fig 7.5 Examples of injected functions from lesson C12
These injectiongnhance opportunities for mediation as well.
The injection of functions depicting a horizontal shift has had an effect of detracting from

opportunities for mediatiotoo. In lesson A23, teacher A2 injectthe functionso - ¢

andww — p, forlearners to draw their graphs usiigg 6t abl e metheodd wh

described as a signature method in all her classes. According to the curriculum and hence the
textbook, functions which are not parent functions should be sketched through interpreting
their properties and not by poipbint plotting. Teacher A2 didot expose learners in her
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lessons to the interpretation of properties technigéegraphto be drawn in all her lessons

was drawn using the oOtabl e meaindrirdtide firsthessonh s he
For example, in lesson A23 when learners were not able to tell the differences between the
graphsofw o andowo w © p, teacher A2 told learners to draw the two graphs in

order to point out the differences in the@spective graphs. This move goes against the
approach in the textbook to be able to describe the functions in terms of their properties,
hence a distractingather than a robust injectiohese distractive injections suggest a
dniscommunicatiodwiththe t ext book from the teacher ds si
therefore a weak relationship with the textbook. In other words, the injections are much more
than the content the teachers inject into the lesson; they are also about the opportunities for
mediation that teachers open up in the classroom.

The vertical line test for distinguishing between functions andfaoctions in studies of
functions has been one robust injection made by rtiae one teacher in the studiyhe
enhancing effect of the veél line test has already been discussed in chapter 6.

Another injection made in the lessons is the representation of functions as mapping diagrams.
In lesson A23 however, where mapping diagrams are injected in the lesson, while they are an
enhancementto opportunites for mediation, teacher AZonfused t h e -témaxrey 6
mappings with thémanyto-o n en@ppings and therefore mistakenly redelt o t htee 6 on e
manyd mappings as repsenting functions when it ithe other way round. An excerpt from
lessonA23 below begins where teacher and learnemse going over function values for

"Qw  forinputvaluex, ¢,1and p.

Teacher: | Minus two gave me?

Learners:| Four.

Teacher: | And two gave me?

Learners:| Four.

Teacher: | Minus one gave me?

Learners:| One.

Teacher: | And one gave me?

Learners:| One.

Teacher: | Now these ones, | said one input is to one outpetefring to values for the functich ¢ p).
What about this onepginting to the current functiod® « Yes?

Learners:| One input to two outputs.

Teacher: | One input is to two?

Learners:| Two ouputs.

Teacher: | So | can have one, one input is to many, okay?

Learners:| Yes.

Teacher: || t 6s more than two ne?

Learners:| Yes.

Teacher: | So | can have one input is to?

All Many.

together:
Teacher: | Okay?

Learners:| Yes.

Teacher: | So thosethose are characteristics of a function ne?
Learners:| Yes.

Teacher: | So those are the characteristics of a?

All Function.

together:
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Teacher A206s ddcecmaanryadt iroenp rtehsaetntGaadneons ar e ch
is mathematically icorrect and has implications for opportunities for mediation. In lesson

A23, as teacher A2 summarises the topic on functions, she affirms the same mathematically
incorrect statement as illustrated in the following excerpt.

Teacher: | And then | showed theelationship that we were talking about between our input value an
output value. | said | have a function whereby the output that | get | say | had one is to one
did that mean? What did one is to one mean? Remember when | started this | dputhalue
and output value.

Teacher: | And | said | have one is to one and sometimes | have? One is to rheayndrs chorus with
teacher) What does that mean®earners talk among themselhe®hat does that mean? Wh
does it mean? Hmm? What is os€d one? Yes, try.

Learner: | The number that is in the input is related to one number in the output.
Teacher: | She says that the number that is in the input is related to one number that is in the outpt
one is to one is when the input valuges you one output value, ne?
Learners:| Yes.

Teacher: |For this one input value therebds this ong¢
Learners:| Yes.

Teacher: | And you also did one is to many. What did | say when | did one is to many? Yes? That on
valuecangivé wo or more output values. l sndét it
Learners:| Yes.

Teacher: | Okay, so | spoke about one is to many. Then | had our functions, ne? And then | started
our graphs, ne?

Learners:| Yes.

The representation of functions as mappings diagrams isimsedny other classrooms by

teachers and is illustrated in many other textbpaksl it ould therefore be an enhancing

injection to the content. In this case however, it brings with it a mathematical error that is
distractive and therefore detracts fraspportunites for mediation of functions.While

distractive injections we far fewer than the robust injections in the lessons, their very
existene is a cause for concern fopportunities for mediationln this particular case, the
issueisofincoect mat hematics which could be an ind
knowledge (SMK)Shulman, 1986

Inrelationtotle t e ac her 0 s thePeRaBiplehpoimsete therinfluence of SMK in the

PDC, a point which has not been investigated in the dtutiyvhich literature alludes to, as
demonstated in chapter 2For example, SMK serves as one of three types of resources that
teachers bring to their interactionswithc r i cul um mat Besigna&Chpacityfor Br ow

Enactment (DCE) frameworkBrown, 2009; and features in Remil!/l
components of teacheaurriculum relationship(Remillard, 200% as a teacher resource.
Thus, Il iterature points to the teacheitexte nt i a l

relationship andherefore aneed for further study.

The robust injections in this study point to the supplemental nature tdntdhat teacher

bring into the lessons. e point to teacher8 ¢ a p t Qeérdeiveewdat the textbook

affords and also what it constraims their practice. Thus robust injections may be
characterised as aspects of content which teachers peasen@nstraints to their practice,

and are therefore indicative of teacherso6 P
affordances and constraints but to be competent in the use of the m@&@hapin, 2011

On the other hand, the study shows that injections to content can be distractive in two ways:
firstly when they diverge from the common objectives of teaching and learning theatugbic,
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then when theyntroduce mathematical errorsin both cases, the injections detract from
opportunities for mediatiorgndbecome a reflection of a weak relatioigshetween teacher
and textbook on thenrehand,andofi ssues i nvolving teacher 6s

7.2.1.3.2 Omissions

A graphical presentation of the omitted content from the textbook in lessons from Table 7.2 is
made inFig 7.6. As with injections, the results show that the omissions occur whether
teachers are offloading or improvisindn other word, while fully relying on the textbook

for the delivery of the content, teachers may still omit some aspects of the content in the
textbook. Similarlywhen improvising The study disaggregates the different kiraf
omissions mael by teachersand discisses their implications to the teach&xtbook
relationship.

2.5 A

1.5 - mom-

mom+

0.5 A

offloading offloading  improvising improvising  adapting
with some with some
improvisation offloading

Fig 7.6 Omission of content in lessons

Fig 7.6 shows that there are more critical omissiansi () in the lessons than the productive
omissions§ & ), another cause for concern with respect to the tedektrook relationship.

Productive omissions

From Table 7.2, the productive omissions mostly involve leaving out some worked examples,
or practice exercises from the textbook when assigning class activity or homework, as
observed intedcer A106s | e s s Dhae prodictive amissiond agerinef@ctual in

the teachetextbook relationship.

Critical omissions

Table 7.5 presents treer i t i c al omi ssions observed in t
7.2
Lesson | Degree of Description of the Critical omission Comment
appropriation
A13 ] Discussion of some properties when sketching graphs of | Properties
functions
A22 ] Questions dealing with properties of functions except symnmn| Properties
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A32 O Ot her v@l ues deeft ed mi 16 nigndd h | Properties
Usesonly® pand® p

B22 00 Questions relating to the exponential function after discussi| Selection
its properties. Instead assigns one question on the expone
function for class activity and the rest of the questions are g
the quadrat function

C12 00 A discussion on the properties of symmetry and Properties
increasing/decreasing interval when discussing the properti
functions
Table 7.5 Critical Omissions in teac

Except for lesson B22 in whidime omission involves the selection of content, all the other
critical omissions involve the properties of funaso In B22, the lesson was determining

the properties of the exponential function. Howevetha end of the lesson, Bssigeda

class activity from the textbook where she sedeicbne question that dealith exponential
functions and two on quadratic functions. These are questions a), €) and g) in the first set in
Fig7.7a.

Draw sketch graphs of each of the following on separate axes:

ﬁ) _\" = (%)‘ b) \ = (%)\ (’y) _\‘ =X+ 2
d) y= —2x+ 1 e) y= 2x2 f) Y — —2x2
g) fx)= %.xz with domain {0; 2; 4; 6} h)y y= %

4

i) y=—-=
) b X

. Draw sketch graphs of each of the following on separate axes:

a) y=3" b) y=3> £) V= (%)‘

i ; > yite=—s _\. — i i
d) Y= €) y=3 f) \_(2)
g flx)= %xz h) h(kx)= —%xz on domain {0; 3; 6}
) g(x)=-2

X

Fig 7.7a A practice exercise from which B2 selects quedifor class activity

As Fig 7.7a illustrates, there are six questions on exponential functions which the teacher
could have chosen from in this practice exercise: a), b) in the first set, and a), b), ¢) and f) in
the second seOne comment in Table 7i@ the analysis of lesson B22 that the study made
was about erroneous mediation that B2 introduced during this lesson (discussed later under
errors). Thus, the class activity could have been an opportunity for B2 to afford learners
practice exercisesvith exponential functionsin the light of the erroneous mediation
therefore the study considers this as a critical omission as it detracts from opportunities for
mediation of the exponential function.

In lessons A13, B2 and C12, teachers ondiscusgon of some of the properties of functions
when dealing with these functions. For example, A32 in discussing the effect of the
par am@®t eérncud, only uses the values a§ pandw  p for this investigation;

while the textbook i ni®dr adupes dihfef esryelnlta bwasl

implies that learners in this class only get exposure to the reflectian od and not to
other effects such as vertical stretch and compression which are reluited syllabus.
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This is thusa critical omission on the side of teacher A32. A similar incidence occurs in

l esson Cl2 where teacher téenlals enkwhiphsthe dudcdon O sy n
increases/ decreasesd® when she discusses the
|l earners in C106s class are denied the oppor
functions and yet the properties are thsi®éor the teaching of this topic.

Perhaps the most 60classicd case ofFigite crit
shows a textbook exercise from which teacher A2 assigned questions 1 and 2 as homework.
These questions involve drawing the drepof the three functions and investigating the
property of symmetry for these functions. In lesson A22, \sbat over the homework

guestions wth the learners and when thatsmdone, one would have expected that questions

3 and 4 would follow, but that wanot to be the case.

L. Draw the graphs of the following on separate axes. Use the table method, Include
both positive and negative values for the independent variable.
a) gy) =2 b) f(x) =2 ¢ hx=2%
Look up the meaning of the word “symmetry” in a dictionary (or refer to Chapter 9
for a definition).
a)  Which of the curves you have drawn has symmetry?
b) Identify the line(s) of symmetry in each case.
L a) Investigate what happens to the function values for each function when the x
values become:
(i) bigger and_positive (for example use x = 10; 100; 1 000)
(ii) smaller and negative (for example use x = —=10; =100; =1 000)
(iii) closer to zero, either positive or negative
(for example use x =0,1; 0.01; 0,001; -0,1; -0,01; -0.001).
What effects do these values have on cach graph?

b) (i) Which of these curves never cut (intersects)the x-axis?
(i) Which of these curves never intersect the y-axis?
(iii) Explain your answers to (i) and (ii).
4. Look at the dependent variables of each function. For each function, state whethe
the dependent variable has:
a) a maximum value, or
b) a minimum value.

Fig 7.7b Textbook exercise from which teacher A2 selects homework

As Fig 7.7b shows, question 3 the textbookdeals with the asymptotic properties including
endbehaviour of functions, anduestion 4 with local extrem&hese properties are key
features of the hyperbola, the exponential function and the parabola, and form the
background for the study of these ftinns. Instead, after discussite propety of
symmetry, teacher A2 ceequestions from a different exése Fig 7.7c below).
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Work on your own.
Draw the graphs in this exercise by plotting points if necessary.

Draw the graphs of 7(x) = (%). and p(x) = (%)‘ on the same set of axes.

N = 0 @

a) On the same set of axes draw the graphs of y = &%, on the domain [-3; 3] for:
(i) b=2; hix)=2"
i i N (1)
(i) b=5;gx) = (2)
b) Describe the features of the graphs of # and g under the following headings:
(i) symmetry (ii) maxima or minima
(iii) asymptotes (iv) range.

6. On the same set of axes:
a) Draw the graphs of A(x) = _le and g(x) = —
b) Discuss the features of each curve.

16

8. The temperature readings on the Celsius (C) and Fahrenheit (F) scales are linked by
the formula: F = % C + 32.
a) Draw a graph of F against C, for C € [-20°; 100°].
b) Use your graph to determine:
(i) Normal body temperature (37 °C) in Fahrenheit.
(ii) The freezing point of water in Fahrenheit.
(iii) The boiling point of water in Fahrenheit.
Aiv) Express C in terms of F (i.e. make C the subject of the formula
F=2C+32).

Fig 7.7c An extract from a prescribed textbook

In fact, in questions 2 and 6 &ig 7.7c the textbook expects that learners have done the
investigation into the properties kg 7.7b as the exercise kig 7.7c comes quite far than

Fig 7.7b. The omission of questions 3 and 4 in the previous exercise hence disregards an
investigation of very critical properties of the functions for the function classes being studied,
and therefore denies learners the exposure to these Icptmgerties of functions. The
implications for this omission are serious with respect to the opportunities for learning which
are afforded to the learners. Additionally, this and the other critical omissions thus far
mentioned, suggest a teaciextbookrelationship that is not only weak for some teachers,

but that cannot be characterised as an intimate relationship. So far the teachers involved in
making these critical omissions, Al, A3, and C1 at least, are the teachers who have shown
that they have aelationship with the textbook from the way they mobilise the content
coverage of the textbook; to the robust injections that they bring to tiientqexcept for
teacher A2).Their relationship with the textbook therefore cannot be classified as tugtak,

as lacking the closeness that is required to be intimate, hence why | characterise it in this
manner. Additionally, this is an example of textbook use by teachers which | have called
tacit.

With respect t o iticak @anissioas do dotlinihate teadhdrsewithc high
levels of PDC. | f PDC is about the Acapacity to use
student s6 opp ¢Qhdppim 20t1j pe3Haheéndhe teackrers have not displayed

this capacity with the critical omissions, suggesting a low PDC.

7.2.1.3.3 Errors

Mathematical errors obviously detract from opportunities for mediation and theriefis

reasonable to have a discussion about them in this section. Table 7.6 presents a summary of
al | errors found in teachersdé | essons, and s
in the resources and those made by teachers.
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Lesson| Desciption of errors Comments

Al3 Teacher mistakenly labels two parabolasias @ and | Error unrelated to textbook
@  even though they do not turn at the origin wk
il lustrating the effecadb

W W
A21 confust@®madnpdewi-tbbhn ®@nany Error repeated over two lessons
A22 Does not recognise the line @as an axis of symmetrf Teacher rejects a
for» - despite the textbook explicitly showing it this line being a line of symmetry fd
the function without justifying why not
W shown as aihe of symmetry in
the textbook
A23 Does not Gappreciatebd Indicate horizontal asymptotes only
hyperbolas all hyperbolas
A34 Solutions from textbook contain errors which cause| Error in the PreCAPS textbook
heavy disagreement between teacher and legrraerd| solutions
rai ses issues of o6éauthori
A42 the asymptotic behaviour of the hyperbola is not refle(
on the graph
A43 Error on restricted domains is made by the teacher irf Mathematics explicitly explained i

explanations even thigh the textbook contains a secti| textbook
of restricted domain

B22 Usesw ¢ as an example for functions with p in | Textbookexplains this quite explicitly
@ @ resulting in erroneous mediation. Leaners |

suggestedy -

C12 The handout contains two errors: shows only the | Teacher corrects one error but nbe
%) ¢as the line of symmetry fab - (teacher doeg Other

not correct this); shows the range@f & ass instead
ofw m

Table 7.6 Errors in lessons

The error in lesson A13 has already been discussed in chapter 6 and is not related to the
textbook, therefore | will not discuss it further here. Similatig, érror in lesson A21 about
teacher A2 -bomahfhyd8i agtddrdban@ nmappi ng di agr ams
discussed under injections in this chapter. This leaves two types of errors, namely errors
found in curricular resoges, and those made by teachers, for discussion.

Errors in curricular resources

There are two errors in this category, one found in theCAfeS textbook, and another on a
handout that teacher Qisedin lesson C12. | would like to clarify that the syudas not
undertaken to look for errors in the textbook, but the errors discussedemerged in the
analysis of the lessons and therefore could not be ignored.

In the lesson A34, the error involves an exercise in which learners had to determine whether
or not the given graphs represented functidnig 7.8a). The textbook classifigde graphs
¢ and® asnotrepresenting graphs of functions, lbutas representing a function
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Fig 7.8a Exercises from the prescribed textbook

Teacher A3 and other learners disagreed with the textbookdtretd are not functions

and theirargument was based on the fact that siciceand & are not different, ando
represents a function according to the textbook, theshould also be a functionThey
considered the dotted lines as demarcations for restricted domains and not @fstipart
graph. They used the vertical line test and other techniques to show that in these functions,
one input value corresponds to exactly one output valgvever, another group of learners
disagreed with teacher for the mere reason that if the witsays graphé and are not
functions, then they are not functions. No amount of justification or substantiation from
teacher would dissuade this group.

This incidence points to two important consideration in the tedel#dyook relationship.

Firstly, an errosuch as this one in the textbook constrains teaching and learning in a negative

way as seen in this case where the teacher could not persuade learners who believe that the
textbook is never wrongl ssues of O6authorityé in dtnhe <cl a
literature(Love & Pimm, 1995 but beyond the scope of this studgc8ndly, it highlights

the importance of the collaboration or the participatory relationship between teacher and
textbook in which each shapes the other: tea
in order to deal with situations such as this,netleough it was not enough to persuade

learners in this case.

Other errors from curriculum resources came from a commercial workbook that teacher C1
used in his lessons when determining properties of functions. The handout teacher used in
class is showmreviously inFigure 7.3a. In this handout on summarising properties of the
functionw @, firstly, the handout does not specify the restrictions on the values of the
basecy which the prescribed textbook explicitly specifiesas mand® p. In this lesson,
teacher dichot pay attention to this omission from the textbook. Sdlgothe range of the
function & @ is also erroneously written as the set of real numbéfs, ffut teacher
attenckd to this error and hefa learners to determine the correct rangerd$b 8 Thirdly,

for the functionwo -, the handout onlyeflects one axis of symmetry as the lhe ®

but does not regard the line was another line of symmetry for the leypola. Again, the
teacher didnot deal with this particular errorThe implications for the opportunities for
mediation here argrave: the errors thus mentioned are critical in the mediation of functions,
and so if they go uncorrected as teacher does with some of theyrieave learners with
incorrect mathematics that learners carry with them as they progress to Grade 11.

This case points to the relationship between teacher C1 and the curriculum resources that she
chooses to utilise in practice. As | have pointed out in previous sections in the present
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chapter, the CAPS textbook features summaryesalior all functions as wellThese
summaries are error free to start with. However, C1 chooses to work with a resource that
contains errors. This suggests a weak relationship between tihertea the prescribed
textbook: the teacher wamt aware firstly that the prescribed tegtk feature exactly the

same content; and also that this emtin the prescribed textbook wasor free and even

more detailed. Thus, this case here points to a low design capacity for C1.

Errors made by the teacher

Three teachers commit mathematicalror s i n t heir |l essons: al |
mat hemati cal errors:; t wo out of three of t ea
B26s | essons.

In lessons A23 and A42 the error haddo with asymptotes of the hyperbol@ds Fig 7.8b
shows for lesson A23, teacher A2 didbt seem to appreciate that the hyperbola has both

horizontal and vertical asymptotes. When drawing the graphs of the funatiors ¢ and

W — p, despite showing that the first function is undefinedat tand the second one

is undefined atw ¢ as shown in the table of values Fig 7.8 A2 only shoved the
horizontal asymptotes of these functions with dotted liaed,not their vertical asymptotes.

Fig 7.8b Graphs of the functions - ¢andw — pdrawn on the board
For teacher A4 idesson A42, the error is moesror by omission because this lesson,
learners werassigned functions of differefinction classes to draw including the function,
W - 0. A learner drawing this hyperbola on the board showhign7.8c didnot reflect
its asymptotic behavioumor doesthe teacher when she corrextit.

Fig7. 8¢c A |l earoner @dsnd raaptheadher 6s corrected gr

The graph on the | eft was drawn by a | earne
version of the same graph. The | earnerés gi

indicate the asymptotic behavioof this function towards the lines cand w Tt

Teacher A4 makes another error on restricted domains in lesson Bé8ving the graph
shown inFig 7.8d with the rangei[2; 6], she let learners guess its domain to be the interval
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[0.5; 3.5]. | refer to this as guessing since the equatf the graphvas notprovided and so
learners were guessing ttvalues corresponding with @ on the graph.

Fig 7.8d An error made by teacher in the classroom

In order to determine th@values corresponding t© @ on the parabola drawn Fig 7.8d,

one has to consider the properties of the graph: its turning pgint , thewintercepts, 1

and 3 and so forth. To let learners guess the value without considering its properties is
mathematically incorrect.My point here is that the graph drawn the board above is a
graphical representation of a particular equation of a function for which the valeoesndto

which determine its domain and range should satisfy this equation. However, in this lesson,
the choice of thevvalues is arbitraryand teacher accepts any value which learners thought
could be thew value corresponding to the&xvalue, 6. This implies that the graphical
representation does noorrespond with its algebraic representation which is mathematically
incorrect as one shtd be representing the other. The CAPS textbook features a section that
deals with restricted domains, and so it is not as if the teacher ditawesomewhere to

refer to for this topicThis is yet another example of a weak teadbgtbook relationsip.

In lesson A22, teacher hadvited learners to suggest the axes of symmetry for the function
"Qw - and one learner wemd the board and demonstraten the graph of this function

that the line represented by the equatipn wwasan axis of symmetry for this function; but
teacher rejeedt he | earner 6s suggest iteothe fasti thah theu t e x

textbook shows thaty wis an axis of symmetry for the functicQw -. This is yet
another mathematical error which is committed by the teacher on an aspect that the textbook
deals with quite explicitly.

A similar error iscommitted by teacher B2 in her lesson on determining the effect of the
parameted@®in w w in exponential functions, lesson B22. For exploring the effect of
@wvalues less than 1 ohd exponential function, B2ad asked learners to suggesthie of

@dless than 1 that they would like to investigate, and learners had sug@estedhat is,

the functionww - . However, while teacher accepted this suggestion from learners, she
nevertheless decided to use her own example avgbdhe functiono ¢ instead. This

was obviously an incorrect choice far pin w «w . The graphs of the two functions

() ¢ andw - however did not behave the same waysiiag a major dilemma for

B2 as she could not theorim a uniform conclusion about the behaviour of functions where
&Y is less than 1. In trying to get out of the situation, teacher made another error by
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convincing learners that in the example they had suggested, tthat is; , the value oft®
is not actually less than 1, but greater than 1

Teacher| s somebody said Ipointstodt -djpnez hi's one (

Learners| Yes.

Teacher | Itis y equals to the half of? xlforus)

Teacher | Ne. This half of x is giving us another shape. Ne®a¢ners agre@.But they all cut at the same poif
ne? So what is happening?dgin this one less than or greater than one? From that one over t
greater than or less than one? And if you check thiats to the equation on the board weit as

W - ¢ ). obepredater than or |l ess than one?
Remember we try is nice, ne? Yes, who can try?
Teacher| What i s happeni i rwimt h htate owma&l?ue Hmm?6 é

Learners| No.

Teacher | Let me go back. | want to ask to see this one, ne? Remember you said half, yes this half is

one, ne?

Learners| Yes.

Teacher | é
What is going to happen? You change half ne? Into exponent. Which is going to be two
exponent of one. Ne? his to x. Remember you are going to say ...... minus one times x, ng
still itds going to give us t wo poietgta whatvhe ha

just written on the boar@ghown beloWis not ending this side, ne? This fuoat this equation you

Teacher

Learners| Greater.

Teacher | Our GYHis greater than? Onekorus)

A point to m&e about all these errors except for the mapping diagrams is that theotextb
addresses all these aspectst ¥achers still make them. For example, the error in A22 with
the axes of symmetry, the PGAPS textbook has drawn the graph with both axes of
symmetry but teacher still rejects the other axis. For the error in B22, the CAPS textbook
outlines all the different possibilities of the base and deals explicitly with functions where the
base is negative, © ¢ andreflectionssuchas ¢ .

All the errors outlined in this section detract from opportunities for mediation. They also

point to a weak relationship between the teachers and the textbook. The relationship is weak
because the textb& has availed the information that teachers need for mediation, but which
teachers do not utilise despite its availability and end up with mathematical ewhish

could have been avoided had the teachers collaborated with their textbooks on thgse issue

A weak teachet e xt book rel ationship has i mplication
that teachers are not mobilising the affordances of the textbook adequately.

7.2.1.4 Discussion on the Appropriation of the Content

In this section, | discus$i¢ implicationsfor textbook use awell as the teachetextbook
relationship of the processes of mobilising the content of the textbook which teachers

“"The errors could also be a function of teacher sé6 S MK
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participating in the study adopt. I n Tabl
mobilisation ofcontent on aspects which have a bearing on the tetettbook relationship

such as whether the teacher perceives and mobilises the affordances and/or constraints of the
textbook. This is indicated through the appropriation of content coverage andotis¢ ro

i njections, respectivel y. Secondl vy, the ex
indicate to either a tacit asof the textbook or nedeliberateuse depending on whether

teachers mobilise the affordances and/or constraints, or not.

Teacler | Mobilisation of Content The Teacheflextbook Relationship
Al Perceives and mobilises affordances and Textbook use tacit
constraints but omits critical aspects Teacheitextbook relationship not intimate
A2 Limited coverage of topic, lessons full of ers Textbookuse haphazard amibt deliberate
some of which textbook deals explicitly with Teachettextbook relationship very weak
A3 Perceives and mobilises affordances and Textbook use tacit
constraints but omits critical aspects Teacheitextbook relabnshipnot intimate
A4 Limited coverage; while no injections and no Textbook use haphazard and not deliberate

omissionscommits errors on aspect dealt with | Teachettextbook relationship very weak
explicitly in the textbook

B1 Partially perceives and rbdises affordances and | Did not use a textbook in his lessons, therefg
constraints undecided on teachg¢extbook relationship
B2 Perceives and mobilises affordances but omits | Textbook use tacit

critical aspects and commits error on aspect deg Teachettextbook relationship not intimate
with explicitly in textbak

C1 Perceives and mobilises affordances and Textbook use tacit
constraints but omits critical aspects and choice| Teacheitextbook relationshipmot intimate
external resource introduces error

Table 7.7 The teachéextbook relationship with respect to mobilisation of content

Table 7.7 indicates that there is indecision on textbook use and consequently the teacher
textbook relationship of one teacher (B1) among the seven teachers gancip the study.
This is due to the fact that teacher Bl dep
and learning of the content in very distinct ways as we shall see in the next section. For two
teachers other teachers, A2 and A4, textbookhasebeen described as haphazard and not
deliberate, to refledthat with these twad e a c there is ndore than juston-deliberateness

in the use of the textbook which results in a teatdetbook relationship that is very weak.

For the rest of the tehers, the use of textbook has been described as being tacit, mainly to
reflect that there is obvious use in every way other than when teacher does not collaborate
fully with the textbook that results in teacher omitting very critical elements which have t
potential to disrupt the opportunities for the mediation of the object of learning.

Sherin and Drak€2009 using their curriculumtsategy framework, in which theire ac her s 6
paterns of adapting curriculum materials lie on a continuum foonitting on one end, to
creatingat another withreplacinglying in the middle, conclude that

While we might know that a teacher tends to create new materials, we have no indication
of whetherthose creations focus on substantive or superficial aspects of a lesson, whether
they are aligned with the goals of the curriculum, or whether they subvert the intended
purpose of a lessqi®herin & Drake, 2009, p. 4%0

In the present study, the notionsiofectionsand omissionshave provided analytical tools
that address this conceinom Sherin and Drake (ibidlt has been illustrated in the studyho
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teachers makeobust injectionsthat enhance the opportunities for mediationdistractive
injectionsthat have gotential to detract from the opportunities for mediatioim studying

t e a c lomeigsiend the study has revealed that thetical omissons are disruptive to
opportunities for mediatiorand theproductive omissionsre not disruptive. Hence the
framework of injections and omissions starts to open up the te@ottkook relationship and
the opportunities for mediation ithe classroom whbh the curriculum strategy framework
does not deal with

Additionally, the framework of injections and omissions point to a change in agdram

shared agency which results in robust injections; to where agency lies with the teacher and she
omits criical aspects of the topic. As this happens, the use of textbook is no longer
participatory(Remillard, 200%and the dynamic interrelationship where each shapes the other
ceases.

722 Teacherso6 Appropriation of the Approac

The analysis of the approach to the teaching and learning for teacher Al in chapter 6 shows
that the appropriation of the approach to #eching and learning of the content in the study

is determined from: a) the degree of appropriation of the general approach to the teaching and

l earning of the content and b) the conceptic
appropriation offie general approach indicates whether the approach in the lesson has been
quastd educti ve ( 6t e-mdudtier(initinl éedride) engagementundhscontent);

while the conception of function points to whether the approach to functions is peintwis

global or a progression from pointwise to global strategies.

The results for the twenty | essons in the st
presented in Table 7T® recap, e degree of appropriation of the approach carries the codes

00 or0 O toshow whether the quadeductive approach in the lesson adopts that of the
textbook; ord 'O and0 "O for the quasinductive approach adopted from the textbook or

not adopted, respectively. Similarly for the approcfunctions, the codgmintwise ( ),

global (& ) andpointwiseglobal (@ ) point to the different conceptions of functions adopted

from the textbook or resource, apdintwise( ), global € ) and pointwiseglobal @ )

point to the conception of functions which has not been adopted from the textbook or
resource. The results pertaining to the degree of the appropriation of the general approach are
considered firstly.
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Appropriation of Approach

Comments

Teacher Lesson Degreeof Conception of
appropriation function
All (week 1) 00 Pointwise(a") Teacher adopts the approach of the
textbook
Function notation Teacher adopts the approach to functiq
Vertical line test
A12 (week 1) 00 Pointwise to Teacher adopts the approach of the
b global (a*) WMCS materials
5 Transformations of the Teacher adopts the approach to functio
§ quadratic function
2 A13 (week 3) 00 Teacher adopts the approach of the
textbook
Determining equations of Pointwise to Teacher adopts the approach toction
graphs of functions global(a*)
Sketching graphs of function Global(a")
A21 (week 1) Teacher adopts the approach of the
textbook
Introducing functions 00 Pointwise Teacher adopts the approach to functiq
@
« Drawing graphs of functions
< A22 (week 2) 00 Padnt-wise & Teacher does not adopt the quasi
2 inductive approach of the textbook
§ Properties of functions Teacher does not adopt the global
[ approach to functions
A23 (week 3) 00 Pointwise Teacher does not adopt the quasi
@ inductve approach of the textbook
Properties of the hyperbola Teacher does not adopt the global
approach to functions
A32 (week 3) Teacher does not agt the quasi
inductive approach of the textbook
Transformations of the 00 Global (& ) Teacher adopts the approach to functio
parabola
00 Pointwise to
Sketching the parabola global ()
A33 (week 3) Teacher does not adopt theast
o B inductive approach to properties of the
< Sketching the parabola 0O Global ® textbook
) B Teacher adopts the global approach to
§ Properties of functions v 0o functions
()
= Interpreting graphs 00
A34 (week 3) Teacher doesat adopt the quasi
inductive approach of the textbook for
Properties of functions and 00 Global (& ) properties of functions
determining equations of Teacher adopts the approach to functiq
graphs 00
Interpreting graphs
A41( week 1) 00 Pointwise (0 ) | Teacher does not adopt the quasi
inductive approach dhe textbook
Introducing functions Teacher adopts the pointwise approac
< to functions
< A42 (week 3) Teacher does not adopt the gquasi
@ inductive approach of the textbook
§ Properties of functions 00 Pointwise to Teacher adopts the approach to functiq
© global ( )
A43(week 3) Teacher does not adopt the quasi
inductive approach of the textbook
Properties of quadratic 00 Global ) Teacher adopt the global approach to
functions functions
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Appropriation of Approach Comments
Teacher Lesson Degreeof Conception of
appropriation function
B11(week 1) Teacher adopts the quasductive
approach of the textbook
Transformation of the 00 Pointwise to Teacher also adopts the approach to
= parabola (veital shifts) global ) functions
E B12(week 2) Teacher adopts the quasductive
S approach of the textbook for
R Transformation of the 00 Pointwise to transformations but not for interpretatio
parabola (horizontal shifts) global ) Teacher adopts the approach to functiq
Interpreting graphs 00
B21(week 1) Teacher adopts the quasductive
approach of the textbook
Terminology on functions 00 Pointwise () | Teacher does not adopt the approach t
B functions fully (mediation breaks down
N Propeties of linear functions v'0 Point wise @ )
@ B22 (week 2) Pointwise to Teacher does not adopt the quasi
2 global but inductive approach of the textbook
§ Propertieof the exponential 00 dominated by | Teacher adopts the approach to functic
[t function pointwise )
B23 (week 4) Teacher adopts the approach of the
textbook
Sketching graphs of function 00 Pointwise ¢ ) | Teacher also adopts the approach to
functions
C11 (week 1) Teachedoes not adopt the approach of
the textbook to properties and
Properties of the hyperbola 00 Pointwise to transformations
global ) Teacher adopts the approach to functiq
Transformations of functions|
C12 (week 2) Teacher does not adopt the quasi
inductive approach of the textboo
Properties of functions 00 Global ) Teacher adopts the approach to
— functions
(@)
% Teacher extends a textbook exercise
© which changes the sense of the questig
[ from sketching graphs of questions to
determining their properties
C13(week 3) Teacher does not adopt the quasi
inductive approach of the textbook
Properties of functions 00 Global () Teacher adopts the approach to functiq
Going over homework, however learne
Past examination questions draw the graphs of functions using pein
(interpretation) by-point plotting instead of sketchirige
graphs as the textbook demands

Table 7.8 The results of the Analysis of the Appropriation of the Approach

The results for the degree of appropriation of the general approach and of the conception of
function are discussed separately below.
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7.2.2.1 Degree of Appropriation of the General Approach
The results from Table 7.8 are presented pictorialRign7.9a and=ig 7.9b

H adopted+ madopted -

guast
inductive
23%

\

quast
deductive
77%

quasi-deductive quasi-inductive

Fig 7.9a Degree of Appropriation of Approach  Fig 7.9bRate of adoption of the approach

Fig 7.9a shows that thers an 80% prevalence for tlggiastdeductiveapproach against 20%
of the quastinductiveapproach in the lesson&urther analysis ifrig 7.9b which illustrates
how the approach matches with that of the textbook, reveals that thedqdastive
approachin the lessons matches with that of the textbdokO( ) in only 7 out of the 20
occurrences. This amounts td35% adoption of the approach of the textbook in legson
which implies that there is a 65% mismatch of the approach betiheelessons and the
textbook. In other words, in 65% of the occances where the approach is qedeiluctive

in the lessons, the approach is actuallgsiinductive in the textbook.

For the quasinductive approach the adoption rate exceeds 80%, meaning that in lessons
where the approach is quasductive then it iighly likely that the approach is alspiast
inductive in the textbook or resource being utilised.

The implication ofFig 7.9a andrig 7.9b isthatthequasie duct i ve approach i
preferred or privileged way of teaching and it is not infbexh bythe approach of the

textbook. Ensor et a(2002 point out in their studies that there is a mismatch between the
teachersé approach which tends to be more d
The results of this study confirm thissertion, and therefore in this study the conclusion is

that the approach of the textbook does not influence the approach the teacher aldepts in
practice. Put in another way, the study argues that the teachers do not necessarily appropriate
the approaclof the textbook in their lessons. This assertion is illustrated with some examples
below.

Lesson A32 is one example of a lesson where there is a mismatch betweendeduetsie

approach by the teacher, and a quaductive approach of the textbookhe lesson wa

about transformations of the par adanldandl ooki r
@ W Nn8The following excerpshows how the teacher introdudéd concept:

teacher If | say wis equals tabd ¢squared plug), & csquared plug) (teacher writes on the boa
W W ). Thisn simply means whamovement? What does this represe
Which movement?Which movement does this represent? Vertical movemen
horizontal movement?
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learners | Horizontal

teacher So you dondt know the difference betw
learners | Yes, no.

teacher Eh? Which one, which movements we say, do we say is horizontal move
(learners talk at once gesturing)

teacher Oh, horizontal movements, which ones?... Just come and demonstrate the ho
Horizontal. Yes (pointing to a student). Qh® s when you are m
right. Vertical movement itdéds up and
teacher So remember when we are doing a stra
passes through the origin (together with stuslenSo we say y is equals to x plus o
What happened to the graph? (Teacher writes onthe boardy=x y=x+1.)
learners | It shifted up.

teacher Ités going to shift one wunit up (thro
learners | Yes, yes.

teacher So the same applies with this graph here. This graph is called a parabola (teache
parabola on the board). This is called a parabola. Then if you add something here
shifting your graph up or down, depending on the nemb t h a't youor
number that youbre adding is negative
itds positive, it means iitdés going t
students laugh.)

So y is equals to ax squarpllis q (teacher points to board). Sharp, sharp. Y is eqy
ax squared plus g¢. Then it means you
graphoés gonna shift two units up. I
units dow (students chorus with teacher).

The teacher basically d&@enlthe grdph dfoe arwowddrbse. wh a't

The textbook on the other hand, introduces this concept as a matching activity in which
learners match the given graphs with their equations:

Graphed are the functions

y=—x"—1
y=—x+1
y=—x%+ 4.

7T IS

-6 a 23 Y \ P 6 x

/ / (il ,, \ \
= / : L
[A/ 1 L TARD

a) Match the numbers on the graphs (i), (ii) and (iii) with their]|
defining equations.

Fig 7.9c Introducing the effectafin®w @™ @ 1 from the CAPSTextbook

The approach in the textbook as shown above is gu@isctive: learners engage with the
activity of matching the graphs with their equations beforehand; unlike in the lesson where
t eacher 6t edences the twotapptoaches dredifigre

Teacher B1 provideanother example of a mismatchthe approach. In lesson B12 whose
excerpt is illustrated below, the teacher addpt quasiinductive approach to sketching the
graphs of functions, whi-tleductivehe t extbookds
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Teacher (writesw @ p pon the boar) é . Right, so when you d
goingtoget?lflearners call )Yegtalill ®f & la plafrandeupm Wherenis
the graph going to turn? Is it shifting left and uene is the graph going to turn? Before | draw
graph? If you put a rough sketch tell me where is the graph going to turn? Who, yes my boy?

Learner Minus one and positive one.

Teacher Minus one and?

Learners Positive one.

Teacher I'tds goni ngt ,t ol etpoints tofthebadrd out | ( 6s going to
positive one. So it means now our graph is going to turn somewhere here, if | put it at that pa
I dondt know about t he ot helaronp,dhemybusputitivi a grap
hey? But itds telling us to shift to the
particular one. Right, if this, the very same graph that | have, we shifting and shifting
According to you,you have shifted this particular graph uh, one unit backwards, huh? On
away from the positives. According to you, r{@@acher then writes the equatian @ p C
and asks learners again where this particular graph would turn)

Teacher Oh explain my sis, tell us why the graph is going to turn here, tell them plPagats(to the boardl.
Tell them why the graph going to turn here. Tell them.

Learrer Ités going to turn at minus two because i{

Teacher It ds moving two wunits down, thatds the
downwards. Yes? Yes.

Learner Sir, can | disagree with that?

Teacher Before you help me, can I get some helpframg | | s anot he]? | earner 6

Learner Iltds going to turn at minus one.

Teacher Minus one?(Points to the graphHere, here? is going to turn here? Why are you saying wg¢
going to turn here?

Learner Becausesir you minus one from two

Teacher You minus one from two?

Learner Yes.

Teacher Oh? [alls first learner agail? Yes? Points to a learne)

Learner Sir, | say minus one and, | mean minus one and minus two.

Teacher Minus one and minus two?

Learner Yes, so move one unit to the left and two units downwards.

Teacher Mi nus one and minus t wo, here hey? Can
explain? Yes?
Learner Sir, it is because sir in the brackets when you get plus one ismednh at it 6s goi

hand side gause)So now that it has moved to the left hand side we are going to move it twg
downwards at minus two.

In the extract, teacheB1 was engaging learners to use the properties of functions to

determne the turning point. Bdidnot o6t el | 6 dlprebing questioss tdhasdist u s e
learnerdn making conjectures about the horizontal movement of the parabola.

The following worked example shows how the textbook introduces the sketching of the graph
of the functionw ®
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JEXAIY i RS
Sketch the graph of y = x? — 9.
Solution
. Since the coefficient of x? is positive, the parabola is ‘cup’ shaped U.

- To find the y intercept putx = 0
y=0>—9=—9
y intercept: (0; —9)
. To find the x intercepts put y = O:
0=x*—9
0 = (x + 3)(x — 3)
x = —3orx =3
x intercepts: (—3; 0) and (3; 0)
- The graph has a minimum turning point on the y-axis at (0; —9)

N

\ (-3:0) mm/f

x

(0; —9)

. This is the graph of y = x? translated (shifted) downwards by 9 units.

Fig 7.9d Sketching of graphs from the prescribed textl{fdte et al., 2011, p. 185

In this example, the value® mandw Tt are substituted into the equation in order to
calculate the intercepts. After the calculation of the intercepts, it is stated that the graph has a
minimum point on thedaxis at ] w. However, how these values have been obtained is

not indicated in the textbook; so that what other teachers begin to do is to tell learners that in
afunctionco @w 1, the coordinatesrd}) provide the turning point, without any form of
substantiation.As the example shows, the textbook prescribpsoaedure for sketching the
function, while teacher Bl uses a strategy that engages learners and where learners are
encouraged to apply the properties of functions.

In summary, with respect to the approach to the teaching of functions, the findinghader t
degree of appropriation of the general approach to teaching and learning is that, the quasi
deductive approach is preferred over the guahictive approach (80 % : 20%). However,
only 35% of the quagieductive approach in lessons is adopted fromaffpgroach of the
textbook. The teachers in this studly generaldo not mobilise the approach of the textbook

as an affordance in their practice.

7.2.2.2 Conception of Function in Lessons

The results from Table 7.8n the conception of function conveyedn t eacher s 6 |
represented pictorially iRig 7.10a and~ig 7.10b
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adopted+ madopted -

pointwise
35%

pointwise global pointwise to
global
Fig 7.10a Conception of function Fig7.10b Degree of adoption

From Fig 7.10a, 35% of the performance expectations are \p@atactions; 35% progress
from pointwise to the global; and 30% of actions on function tasks are gldlais, the
conception of function across the lessons conveys progression from pointwise to global
actions on function tasks, which implies a morerpmtetive conception of function.This
matches the approach of the textbook with respect to the conception of function, a fact
reflected inFig 7.10b which shows that both the global approach and the progression from
pointwise to global approach have beeloptedthey carry a® ) code)from the textbook or
resource used. Furthermore, there are only three lessons out of eight (about 40%) that convey
a pointwise approach to function which do not match the approach to function of the
textbook. One ofltese lessons belongs to teacher B2 (lesson B21), and the other two to
teacher A2 (lessons A22 and A23).

In B21, the teacher wagvestigating the effect of the gradient on a graph of a linear function,
using the gradient formula to calculate the gradandifferent graphs and then making a
comparison. The difference with the approach in tktbtok lies in the typ®f actions on
function tasks from the teacher and the textbook when the straight line graphs have been
drawn and their gradients determin@dhe actions on function tasks in the textbook include
both pointwise and global strategies, while in B21 learners spend most of the time using the
gradient formula to calculate gradients, thus remaining at pointwise level throughout the
lesson.

A22 isa lesson in whicheacherAl madecritical omissions when she left out the questions
dealing with enebehaviour of functions and maxima/minima properties. Learners in the
lesson were hence only using peytpoint plotting of points and did not tackle e
guestions which required global actions on function tasks.

In A23, when the teacher was recapping the topic on functions, and learners could not give
correct responses to the teacher question about what the graph of the fubction
W o p would ke, A2 directed learners to use the peytpoint plotting methods to
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resolve an issue for which learners could have been requested to interpret the properties of
this function.

In the excerpt below, ABad already asked learners what the graph of equatio¢ew o

would be, and learners had called out that it would be a straight line; and that the graph of
@w - T would be a hyperbola. The extract begins after teacher had written the equation
W W o p on the board and asked learners what tyggaybh it would produce

Learners:| Exponential.

Teacher: | What would that one be?

Learners:| Exponential graph.

Teacher: | Exponential?

Learners:| Yes.

Learners:| Parabola.

Teacher: | (pointing to the boarfThis one is parabola?

Learners:| Exponenial, exponential. Trig.

Teacher: | Which one is this? Which one is this? (teacher wiitesa on the board)l{ong pause as th
learners decide which graph is whiddjnm?

Learners:| exponential

Teacher: | (pointing tow o ) Which one is this? This one is an exponential?

Learners:| Yes.

Teacher: | And this one?Rointsto®w ® o p)

Learners:| Exponential.

Teacher: | (pointing to both functionsThese two are both exponential?

Learners:| Yes.

Teacher: | Okay my angels | want you to draw these two graghs 6 and®w ® © p) Okay?
Learners:| Yes.

The point | wishto make here ishat the textbook would have handled the two functions

w o andw w © p differently. For both functions, actions on function tasks
would have proceeded beyond pewise actions; by the end of the topic on functions, the
textbook would have expected learners to distinguish between the two functions through
interpreting their properties, thus considering them globally, instead of drawing the functions
from scratch using poiriy-point plotting which is completely pointwise aatberA2 did in

her lessonThis is an example of a teacher for whom the design rationale is not yi3#aues

& Krajcik, 20095 and therefore at the end of the topic there is a mismatch between the
potentially implemented curidum and the implemented curriculyalverde et al., 2002

In conclusion therefore, except for very few cases, the study finds that teachers in the study
mobilise the approach of thextbook with respect to the conception of function as an
affordance in their practiceHHowever, this is done more through a teadbdr quasi

deductive approach and not -indactive uagpnach t h e
recommended by the textbook, ammerefore creating a mismatch between the approéch

the textbook and thaif teachersn the lessons.

7.3 Discussion and Conclusion

In the opening quote of this chapter Brown (2009) posits that a teacher with high PDC is
marked by the skill with which ghweaves the various pieces and how she puts them into

pl ay. Brown goes further to point out that
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to which teachers create deliberate, productive designs that help accomplish their
instructi ontataltoughl so (p. 29)

the elegance of a teacherb6s design is a subj
equally effective at helping teachers reach their goals, not all designs reflect the same
responsiveness to the needs of a particular setting, nasigjnd are purposeful, and not

all desighs embody the same degree of utility (p. 31)

In the current chapter, the study has described the processes by which the participating
teachers have perceived and mobilised both the content and the approach wwhthg teal

learning of this content. It is through these processesctmatiusions are reached about: a)

t e a c texeboaok Gse; bdeacheitextbook relationshipsandconsequentlg)t eacheyr s é PD
that is, the degree touwhiueubh theygohosbdbebhbe th

Under the mobilisation of content, the chapt
improvisations to conclude that teachers use the textbook mostly for exercises and improvise

on other aspects of the contenttle classroom thus suggesting generallynon-deliberate,

tacit use of the textbook by teachers. The examination of the opportunities for mediation
revealsthe existence of distractive injections, critical omissions, and most importantly.errors

This isyet another confirmation of the tacit use of the textbook by teachers. Furthettmore,

critical omissions and errors point morrintimate teachetextbook relationships in the study.

From the mobilisation of the approach, the analysis finds that teagemerally do not

perceive and mobilise the approach of the textbook in their prastioaiing preference for a

more quasdeductive approach that is not informed by the textbook. This obseration

another confirmation of the relationship betweercheas and textbooks that is not intimate

The results of the mobilisations of the content and the approach in this chapter lead to the
conclusion that teach&'s PDC i n this study i s anayesareal |y |
discussed in detail belowerom the way teachers perceive and mobilise the content (see
Section 7.2.1.4), they generally reflect textbook use that has been described as tacit and
seemingly nordeliberate. Thi s i s use that i's characteri se
when thetextbook is stronger; b) omitting critical components of content from the textbook

which define the goals for teaching and learning the topic; and c) injecting mathematical error
which in most cases could have been avoided through closer collaborahaheviextbook.

The tacit use of the textbook-mdbédisstiorbottten conf
approach of the textbook.

The i mplication for PDC in this case iIs tha
deliberate use of the textbgokan therefore not be high in generdt. is a fact that the

teachers in the study are not operating at the same level, and therefore their individual PDCs
werenotalt he s ame, however, the gener al finding
light of the gengally tacit use of the textbook by all teachers in the study.

Teachersdé PDC has i ngxtbaokcredtionship whilg abthe sanfedéimet e a c t
it is a function of the teachéextbook relationship.Section 7.2.1 shows that the teache
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textbook relationship with respect to teact
described generally as not i nti mated and \
between the teacher and the textbook: they utilise the exercises fronxttimokein more

than half of the lessons; most teachers make robust injections to the content; which are signs

of this relationship. However, the tacit use of the textbook together with the evident non
mobilisation of the general approach, show thatthisrat i onshi p | acks O6int
forgr antedo6 kind of relationship.

Thus, the chapter makes three critical findings of the study, that: textbook use by teachers
generally tacit; the teach&extbook relationship generally not intimate and weakd a
consequently, teaché@BDCis generally low.

Il n the next chapt sareexdloled; firstheas a toren ofdriangulatian &or v i e v

confirm the conclusions drawn in the curren:
about the use athe prescribed textbook in their practic&ne of the questions emerging
from this analysis of the teachersdo | essons

prescribed textbook in their practice, especially about the tacit use of the textthdR€ is

the teachersé6é capacity to firstly perceive
mobilise them, how do teachers view these affordances? This is the question the study
explores in the next chapter.
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CHAPTER 8
Teacher s Awar kAferdasceso f Textbo

If we are regularly remiss in not teaching pedagogical knowledge to our students in
teacher education programs, we are even more delinquent with respect to the third
category of content knowledgeyrricular knowledggShulman, 1986

8.1 Introduction

The main objective of this present chapte i s t o expl ore teachersbo
guestions on their use of the prescribed textbook, so as to probe further the inference in
Chapter 7, t hat , teachersdé use mofdelibdnale pr esc
reflecting low PDCs. draw from the interviews to il [l um
affordances of the textbook as they use the textbook and will argue that thie s to

confirm the inferencenade in chapter.7

| have to declare upfront that this chapter is in ng a@indepth analysis of the interviews,

but an elaboration of teachersé views on th
better their observed actions with the textbook from Chapter 7, and as an attempt towards a
formulation of an explanatioabout why some things happened the way they did. | use the
results of the interviews to describe what
content of the textbook and the textbookds a

Fig 8.1 summarises éhresults from chapter 5 on the analysis of the affordances of the
textbook to teacher s 6eapayssc toifc et,e aacnhde rCshba plt eesrss

@@C@@ @@
Zz
G D

TEACHER T TEXT

&
L3
@ <oﬁload ............ adapt ...............improvise> ﬁO
N)

2

Qs Z
%1%@ §©@

Fig 8.1 A summary of teachdextbook interactions

The teachetext interactions inFig 8.1 occur within injections and omissions by teachers
which reflect contradictions in the ways in which teachers interact with their textbooks.
Teachers have been found to be making robust injections to the existing content that enhance
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the opportunies for mediation while at the same time omitting critical aspects of the object

of learning in their teaching which detract from opportunities for mediation. Semcbédrs
whousedd ot her 6 resources other than thoesintextbo
the lessonsbecause those resourcemtainederrors Yet the same content wavailablein

the textbook and errdr r e e, whil e an obvious explimnati on
SMK, this does not seem be the full staxy the textbook coulde thesource of the error.

These contradictions in the appropriation of the content of the textbook have let to inferences

of tacit use of the textbookln the midst of all these, it wafound that teachers actually
improvisa (bring in content from exteal resources) much more than they offledttom

the textbook; and that they util¢he textbook mainly foexercises and not much el3ée

guestion in this chapter is why is this so?

With respect to the approprian of the approach the study fudithat teachers mobilise the

approach to teaching and learning functionsso far as thisconveys progression from

pointwise actions on function tasks to more interpretive global actions. Howeaeners do

this contrary to the textbook recommendatioraaf 6 i n v e s t-indgciivie apprea@h q u a s i
to the teaching and | earning of t hdedudivent ent ,
approach. Teacherso6 mobilisation of the appr
mobilise the content lva led to the study arguing that teachers do not display high levels of
capabilities to craft productive and deliberate instructional episodes (RBIGY their

textbooks; and inferencethat the teachetext relationship between teachers and their
textbools in this study is not intimate suggesthat teachers are not aware of the affordances

of the prescribed textbook in their practice.

In the present chapter, | use examples from the interview sessions that | conducted with

individual teachers to further!l | umi ne teachersd awareness of
and toexplore whethet he i nf erence about teachersoé | ow
are confrmed ornot To achieve this objective, I I nt

individud interviews which | held with each teacher about a year after lesson observations.
Some changes had happened by then in the schoalk Wsummarise in Table 8dkelow.

Teacher| Grade 10 Grade 11 Prescribed
teaching teaching Textbook(s)

Al V ML™® Same

A2 \Y ML Same

A3 U M Same

A4 U M Same

Bl \Y U Same

B2 U M Same

C1l V U Changed

Table 8.1 Teacher and textbodktsisa yearafter classroom observations

¥ ML is Mathematical Literacy, intended for all learners from Grade 11 whootl take Mathematics (M) as an
option
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Table 8.1 aboveshow thatthree of the seven participating teachers in the study were no
longer teachmg Grade 10 a year after classroom observations, but were all teaching Grade 11
Mathematis (M). This shows that these teachers at least baperience of the curriculum
requirements for both grades. | have mentioned in previous chapters that dateicdbec

the study occurred in an interesting period when the curriculum was changing and therefore
necessitating a change of textbooks as well. A year later when | came back for the individual
interviews with teachers, the CAPS textbook had become #senived textbook in two of

the three schools in the study replacing the @S textbook. A reminder that theaee

two editions of the same textbook series. In the third school, the prescribed textbook had
changed to a different series altogether.isTdackground information is important in the
light of the questions which teachers were asked in the interviews

8.2 The Interviews

| have mentioned in Chapter 4 that the interviews were not easy to conduct: a copy of the
interview protocol was given teeachers a week before the interviews so that they could
prepare for the interviews. | had also requested teachers to brinchesthtd the interview

all the other resources (especially textbooks and other curricular materials) that they would
normally usefor planning and teaching. However, only one teacher btoogk other

textbook to the interviewinterestingly this wast he t eacher s gui de con:
practice exercises only and not the Idearner
teaching. | had brought both editions of the prescribed textbook with me, but throughout the
interviews | struggled to get teachers to open the textbookeeéerdo any part of it to show

me more directly what they might be talking about.

My sense ofthe interviews was that despite the time teachers were afforded to prepare for
them, teachs did not find it easy ttalk about the¢ useoft e xt books. Teacher sbd
the interview questions were by and large general or superficial, and ndicspiticerto the

topic of functionsor the usethdr responsesould have been about any textbook, any topic,

or even any subject for that matter. As the analysis of the responses will show in subsequent
sections, teachespokeabout the textbook affding them with examples and exercises, but

they did not elaboratthe nature of these examples and exercises, nor the mathematics that

the textbook affords through these examples and exercises.

| have also mentioned in Chapter 3 that had | conducted twigws after thenaly®s in

Chapter 6 had been completed, | would have done it differently, and been more proactive in

my probing in some of the responses teachers gave. This, as | have alluded to already is one
limitation of the methodology in the styud However, notwithstanding this limitation, | shall

show in this current chapter that ttelae htegadsdh a
theirtextbook was tacit, and their relationship with their textbook was not intimate

The interview pratcol used with participating teachers ipapded to the thesis (Appendix
B) andincludes three runningthemes (a) the O6curriculum and te
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textbookd; and (c) a O6sc®narwihoi:ché Ui mbeopor iTbe
below.

8.2.1 Curriculum and T extbooks

Textbooks speak to the curriculum and they are described as the potentially implemented
curriculum (Valverde et al.,, 2002 In South Africa, they are acilly gradespecific and

aligned with the official teaching schedule. Hence, being conversant with the curriculum
requirements for a specific grade would imply that teachers would perceive the affordances
and constraints of their textbooks more readily thahey were not conversant with these
requirements. In this part of the interview, teachers were requested to provide what | referred
to asne@mdn ablesd for | earners to proceed fr
functions; that is, the aspsabf the topic which teachers deemed could nairbigted for any
reasonthey have to be in place for learners who transit from Grade 10 to Grade 11; together
with their views on whether they felt the prescribed textbook was helpful for them in
achievingt hei r goal s. I n some ways, this questio
knowledge(Shulman, 1986 t h damiliafityswith the topics and issues that have been

and will be taught in the same subject area during the preceding and later years in school, and
the materi al s t.l0aand teeimriorileg in tedcking &raded O functions.

The assumption tawork was that if the teacher wanot conversant with curriculum
requirements, then they would not perceive any of the affordances of the textbook.

This chapter seeks to exploree acher sd6 awareness of the aff«
therefore,l argue thatt eacher so curricul ar knowl edge i s
textbook; teachers need to know what they are looking for in the textbook as they use it.

8.2.2 Knowing my textbook

There wee two questions in this section; one about the differences in the two editions of the
prescribed textbook, which | have referred to as theGARS and CAPS textbooks; and
another on how teachers utilised the prescribed textbook ard resources in the planning

of their lessons. As | have elaborated in Chapter 5, in the two textbooks the content for the
topic on functions is similar; the difference is in how each deals with the different function
classes, that is, the quadratic fuoct the exponential function, and the rectangular hyperbola
function. To determine the properties of the different function classes, in thRéAP®
textbook a specific property is explored in each one of the function classes to determine
which functionsexhibit that feature; while in the CAPS textbook, each function class is
investigated for different features to determine which ones the particular function possesses.
Similarly for the investigation of the effects of the parametérand ) on the function

W Qwinw @ .

Other pertinent differences between the two textbooks relate to the presentation formats: the
PreCAPS textbook offers detailed explanations and notes, while the explanatory text in the

¥ The Limpopo Textbooks Saga has already been described in chapter 1 of this thesis. It is the province where
the textbooks had not been delivered well into six months of the school year.
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CAPS textbookd short and supplemented with note boxes and graphics where necessary.
With respect tdhe exercises, it wasotable that the CAPS textbook does not iirsal lifed
guestions, while the PH@APS textbooks contains tteAp p | y vy exarcisesswhichl | s 6
depict real life situations.

For the planning of lessons, | wantedunderstandhe role that the prescribed textbook
played versus the other resources, andfdbe value that teachers place on their prescribed
textbooks. For the present chaptdreingable to point to similarities and differences between
the two textbooks is an indication of emimaterelationship between teacher and textbook.

823 The #ALIi mpopo Textbook Sagao Scenario

The description of t hadvidedid tetdintChapterkkTB@agédapaé
stemmed from the department of education failing to deliver textbooks to learners in one

province wel|l i nto six months of the start
taking government to court over this issuethia interview, | used the scenario as a means to
solicit teachersd views on the impact on tee

The scenario also probed on teachersd vVviews
60cautmgd pl ponse iothe pulelis outcry about its failure to provide the textbooks to
theleaner s ; and whpotuldéenmil. e dclherchd respwousles i n
be an indicator of teachersdé6 regar dhafteer t he
textbook affords their practice

The results of the analysis of the teacher
discussed in detail in subsequent sections.

83 Results of the Analysis of Teacher s

Table 82 below depicts resporséy individual teachers according to the three headings of

the interview protocol as described in sect
ar e t eac h e rnsgotiables as twsll aotheir viewsion if and how they perceive the
textbook tobe supporting their objectives with respect to the-megotiables from Grade 10

to Grade 11. Sincethenosnegoti abl es are tied to the actu
responses shall be categorised according to the four content areas (CAg)efrmxtliook,
namely,introduction and terminologYCA1), properties of function§CA2), transformation

of functiong CA3) andinterpretation of function§CA4).

Under Oknowing my textbookd are responses t
the pescribed textbook, the R@APS textbook and the new edition, the CAPS textbook, as |

have previously referred to them, as well as how teachers use the prescribed textbook in the

pl anning of their | essons. The 0 liewangno po (ol
textbookds support for teachers as well as f
includes comments pertaining to the content of the textbook and its approach, which | use to
draw conclusions and commenttore ac her s 6 a waffordances ®fgdhe @xtboak.h e s e

160




























































































































































































































































