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Abstract

An Analysis of Mathematical Tasks at Secenelel in Ireland
08 . NBYRIY hQ{d#Z t ADIlIYy

This thesis is concerned with the analysis of mathematical textbook tasks@idse

level in Ireland, in the context of the introduction of the revised curriculum entitled

Wt N22SO0 al iKaQed ¢KAA ¢g2N] FAYa G2 3JlLAyY
that students and teachers encounter on a daily basis, to attain some unddistan

of the teaching and learning taking place in Irish classrodntetal of 7635tasks on

the topics of Pattern, Sequences and Series and Differential Calculus contained in
three textbook series for senior cycle, in editions available before and thasahble

after the curriculum change were analysed. The analysis was informed by the use of
five frameworks: an amended version of the Project Maths prokdeiving
objectives, a novelty framework designed during the course of this research, Levels

of Cogitive Demand (Smith and Stein, 1998) [ AG Ky SNDa NBI &2y A
(Lithner, 2008 YR ! aAalAyQa Y2RSt 2F YIFOGKSYIFGA
My findings suggest that the poBroject Maths textbook tasks offer greater
opportunities in all five a@as when compared to those in the older textbooks, but

that there is still scope for further development. Based on my analysis, it would
appear that all three textbook series have neglected important objectives of the
Project Maths curriculum such as juging conclusions and communicating
mathematically. Furthermore, the findings indicate that there is a need for more
attention to be paid to fostering novelty in textbook tasks, increasing the level of
cognitive demand, and more opportunities should be \pded for creative
reasoning. Greater effort should also be made to diversify the dimensions of student
understanding offered by tasks. Following this analyssne sample tasks were
designed, paying particular attention to the areas my findings indiaetan need of
improvement. This was achieved by building on existing textbook tasks as well as
creating completely new ones.
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Chapter 1 Introduction

My research is concerned with the analysis of mathematicskdaat second level in
Ireland, during a period of significant reform of pegtimary mathematics.The
importance of the textbookas a source of tasks) Irish mathematics classrooms has
been noted; very often it is the only resource which students have access to during the
lesson asid from the teaher, while most of the taskassigned for classwork and
homework comedirectly from the textbook (Project Maths, 2017The aim of this
research is to gainrgater insight into tke nature of tasks that students and teachers
work within Irish classroomsWith this goal in mind, my work has centred on analysing
tasks containd in three textbook series (at Higher and Ordinageydl) currently used in
LNBfFYR o6hQ{dz f A@IZysh Q{NEFyA AIYWR HhiMnK S| HAMO

In Ireland, secondary educatias divided into two partg; a junior cycle and a senior
cycle. The former spans three years, building on the education received at primary level
while preparing students for the sitting of the Junior Certificate examinafitve. senior

cycle involves two gars of study and leads to the Leaving Certificate examination;
students typically study seven subjects and entrance to higher education is decided
using the results of this set of examinations. At junior cyadkbjests are normally
studied at either Orohary or Higher Level, although three subjedtssh, English and
mathematics can also be studied at Foundation Level (DES/NCCA, 2000). At senior cycle
the subjects of Irish and mathematics can also be pursued at Foundation Level. The
Higher course is aied at the more able students with a special interest in the subject
the Ordinary course provides knowledge and techniques that will be necessary for the
study of scientific, economic, business and technical subjects at third lekéé the
Foundation ourse provides students with the mathematical tools needed in their daily
life and work (DES/NCCA, 2000). In the junior cytle, study of mathematicgs
mandatory and thusthere is a high participation rate While mathematics is not
compulsory in the saor cycle, the number sitting for examination in the subject
remains high. All of the courses are assessed by means of a terminal examination. In

2017, 93% of students sitting the Leaving Certificate took the subject of mathematics for

XVi



examination. The mjarity of these candidates, 59%, sat the ordinary level, 30% sat the

higher level papers while 12% took the foundation level (SEC, 2017).

1.1 Research Rationale
Prior to the introduction of the curricular reformhé seeminglydw problemsolving

ability of Irish school childrewasnoted as being a major area of concern in a number of

publications (OECD 2007, 2010; Forfas 2009; EGFSN 2008, Sinigénor, Close and

Millar 2006). It was alsonoted KI & L NBf YR KFR WO2YLJI NI} GA QST &
(NCCA 2005, pg. 188). A growing perceparistedthat sudents wae being prepared

to pass examinations in ahematics but werenot given anunderstanding of the

subject or of how to apply its concepts (Elwoand Carlisle, 2003Lyons, Lynch, Close,

Boland andSheerin(2003 observed an overiding preoccupation with examinations in

secondlevel mathematics classrooms and identified the teaching of mathematics in

Ireland as encouraging procedural learning, rather than promoting the ability to problem

solve. Leaving Certificatexaminers commented that therevia | Wy 2 i A OSI 6t S RS
the capacity of candidateto engage with problems that we not of a routine and well
NEKSFNBSR (@LSQ 0{9/ X HanpXZ LId 71Hlfra{ AYAL I N
OKFy3aS 2F [LIINRZIFOK Ay GKS K2LJSa 2F WRS@Sf 2LJ
53). Concerngbout the lack of application of mathemiat in realworld contexts were

alsoexpressed across the adational sphere (NCCA 2006).

Against this baaround, the curricularevision of secondevel Mathematics in Ireland,

an initiative known adProject Math§ aimsto place a greater emphasis on student
understanding of mathematical concepts, together with increased use of contexts and
applications tlat shouldenable students to relate mathematics to everyday experience

It also hopes to create a classroom envirominehere a greater amouraf the teaching

and learningaking places done through problersolving(Project Maths, 2009)Given

that Project Maths was designed to help address the issiescribed in this sectigran
analysis of mathematical tasks textbooks designed for the new syllabus gilte some

insight as to whether such concerns are indeed being addressed.



1.2 Textbook Analysis as a Research Method
Robitaille and Travers (1992) have made the point that a dependence upon textbooks is

WLISNKF LA Y2NBE OKIF NI OGSNRAadGAO 2F (GKS GSI OKA
(p. 706). Fan and Kaeley (2000) argued that teachers udfegedi types of textbooks

made use of different styles of teaching strategigSan (2011) defined mathematics
G§SEG6221 NBAaASENDODK W-a RAAZOALI AYSR Ayl dzi NB
the relationships between mathematics textbooks and othactdérs in mathematics

SRdzO (p®)2HKading conducted a survey of mathematics textbook literature
published over the previous six decades, ,FAmu andViao (2013 concluded that the

most popular area of research is to be found on textbook analysiscangparison.

Textbook analysis, as des@ibby Fanetal. (2003 A& | ONRFR GSNXY AyC
a single textbook or a series of textbooks, which often focuses on how a topic or topics

are treated or how a particular idea or aspect of interesNi&S ¥t SOG4 SR Ay GS
(p.636). Faret al. (2013) poinbut that textbook analysis can also involve the analysis of

different series of textbooks, often with a focus on identifying their similarities and

differences.

Fan (2013)conceptualises textbookas a variable, specifically an intermediate variable

Ay (GKS O2yGSEG 2F SRdzOlFGA2y> &adzOK | @FNAI O
YR A& AGasStT OFdzaSR (2 @I NE Andidtermédla A Yy RS
variable can cause variatiom idependent variables such as student learning or the
promotion of problemsolving. The textbook, as an intermediate variable, is also caused

to vary by independent variables such as the integration of information technology or

the composition of textbookvriting teams. Put simply, the independent variables in this

case are the factors affecting the development of textbooks. Overall, the textbook is
affected by independent variables but can also influence dependent variables of its own.

Using this conceptuaframework, textbook research can be viewed as consisting of

three broad areass shown irFigurel.l below: 1) textbooks as theubject of research

(textbooks as an intermediate variabl€) how different factors affect the development

or production oftextbooks(textbooks as a dependent variabld 3) how other factors

are affected by the textbook (textbooks as an independent variable).



School Textbooks

|

Independant : Depeandant
varables Ir'.E:rn_'na';::lmE variables
(factors affecting ——— - _;'E”E :k :D (factors

the development 1"1 i Dh;'.l affected by

of textbooks) emeelvas) tevtbooks)

Figure 1.1: Textbooks viewed as an intermediate variable in the context of education
(Fan, 2013, p. 771)

As will be seen in chapter 3 on Theoretical Frameworks, another theoretical framework

known as the instructional triangle (Cohen, Raudenbast Ball, 2003) looks at the

relationship between teachers, students and the knowledge oc#jgally mathematical

content that makes up instruction. The textbook as a source of tasks concerned with
mathematical content is again an intermediate variable within this framework. Different

textbooks offer different material for mathematical instruosti and assignment by

teachers and these in turn can affect the opportunities for learning offered to students.

The instructional triangle and its extension will be discussed in greater detail in chapter

0 K2gSOSNI Al 02 YLX SYS ytaxdbooks layduaderlides yh@iS LIG dzl A
importance as &cusof research.

Fan (2011 p.8) points outthat a large majority of the literature in relation to
mathematics textbooks is not based on empirical methods or experimental methods.

Most research publicationare based on document analysis, which Fan (2013) describes

a4 WNBf ESBAMD Sfter aKSIRE YR | OOS LJi SRFah @013) NB &SI N
also points out that this practice of document analysis and coding has a long tradition,

citing Pingel commeity 3 2y 3ISy SNl f GSEGo6221 NBaSI NOK
textbook studies, textbooks were often regarded as guiagdependent entities. The
SEFYAYLFGA2Y F20dzaSR | fyz2aid SEOfdzarAgSte 2y
2010, p.42) in Farf2013, p. 774).The research presented in this study views the

textbook, containing mathematical tasks, as an intermediate variable and presents an

analysis and comparison of two topics in three textbook series that were in use both

before and after the reformof the curriculum. It does not make use of empirical

methods such aglassroom observations, interviews or field surveys as it does not



attempt to draw conclusionon how textbooks are being used in Irish ppsimary
classrooms. Instead it analyses thature of the mathematical tasks that are contained

in popular Irish mathematics textbooks.

1.3 Recent Textbook Analysis in Ireland
The following is a short overview of the recent textbook analysis that has been

conducted in Ireland. More details will bévgn in chapter 2, the Literature Revie@ver

75 per cent of Irish secoRld S @St (S OKSNE dza$S || GSHip221 2
p.262. There is very little published work in relation to the classification of textbook
tasksin Irelandbefore the implementation of Project MathsMoreover, much of the

other work involving textbook analysis that has been undertaken since Project Maths

has also had a different focusoking at different aspects of the textbooks available
hQYSSTTS | yR 9 amigsydfaiksdries ob taxtbooks used in Irish junior
OeOftS OflaaNRp2yYa dzaAy3a wWABSNBQ FNIYSs2N]

comprehension cues, technical aids and philosophical position.

Alaterstudy-h QYSSTTFS | YR h Q5 2eq 2 riifimzSof téxtogoksintthe | v | £ &
area of fractions. This focused on content, structure, expectation and langdnge.

findingsof this studyg SNBE G KSy dzaSR (2 ONBIFIGS || WY2RSH
of fraction additon.h QYSSFFS | Yy R 2 cohdugfed 3 Krdg$ studly of the

textbooks published in response to Project Maths that werelalsé at the time (ten in

all), consisting of textbooks used at both junior and senior cycle. The TIMSS mathematics
curriculum framework, was used and adaptddr this analysis. This conceptual
framework looks at the textbook as a whole, under three broad headings: intended
curriculum, implemented curriculum and attained curriculuifhe conclusion of the

analysis was that the textbooks display a genuine attemapimatch Project Maths

expectations but no one textbook meets aflthese

Davis (2013) examined the prevalence of reaso@ingproving in the topic of complex

numbers in six Irish textbooks and one teaching and learning plan produced for teachers
duiy 3 G KS AYyiNRBRdAzOGA2Y 2F tNR2SO0 al iKad ¢F
GKSNB A& | WwWYAaaltA3adyyYSyid o06SG6SSy G(KS &aAE



aeftfl odzaQ 65! Ghemtie amoum of change thap acéodpanied Project
Maths, | identified the scope for further research in the area of Irish mathematical
textbooks. It would be expected that the tasks contained in the new texts produced to
meet the needs of the new curriculum would be more conduciventansic learning

and probem-solving than the publications that they were replacing. It would also be
necessary to identify any deficiencies if present. | also set out to design a small number
of tasks in order to address any shortcomings identified. The research contained in this

thesis goes some way towards adding insight into this area.

1.4 Outline of the Research Undertaken
This study is concerned with analysing mathematteatbook tasks from two topics

studied at Higher and Ordinary Lewa senior cyclein use from the preand post
Project Maths eras. To complete this analysis effectively and to gather as much useful
information as possible, it was necessary to consider how the analysis would be
conducted and what immediate use would be made of the analysis findings.
Havingconsidered these issues, the following emerged as the prirstagesof the
study:

1 To review the literature in relation tthe background issues that prompted the
introduction of the new Project Maths curriculum and what concetramed to
address. Andter activity undertaken was taeview the literature on the
classification of tasks in textbooksid how the findings of such studies prove to
be usefu] alsogiving considerationn such literatureto the role of the textbook

in classrooms internationallgnd in Ireland.

1 To identify suitable frameworks that could be used for the analysis of textbook
tasks, adaphg existing frameworksvhere necessaryo make them fit for the
purpose of the analysis. Emerging from work completed on two existing
framework§¥ GKS [ S@Sta 2F /23yAGA0BS 5SYIFYR | YR
it was decidedo ONB I S | ySg FNIYSg2N] (2 ARSY(IAT
RAFTFSNBYGAFIGA2Y 06SGsSSy (GKS RSINBSa 27

experience and exposure to exemplanaterial in a textbook chapter.



1 To gatherquantitative data on tasksn the topics of Pattern, Sequences and
Series, and Differential Calculus, by conducting analyses using five frameworks,
on textbooksavailable both before and after the introductionf the Project

Maths curriculum.

1 Todesign some sample taskimformed by the textbook analysis, to address any
deficiencies identified by the five frameworks in order to better realise the goals
of the Project Maths curriculunThis was informed by loakjy at material giving
guidelines on the design of mathematical tasks and the benefits available to

teachers when engaged in designing their own tasks.

1.5 Research Questions
In the past mathematics textbooks in Ireland have been accused of being too

procedural and dependent on the use of algorithms when students are solving tasks
(NCCA, 2012b, p. 18). This analysis aims to give some indication as to whether this
situation persits and whether the Project Maths problesolvingsyllabus objectives are
beingrealised.Four main research questiofsmve emerged wh the first (what is the
nature of the mathematical tasks that are being used in Irish classrooo@m®isting of

five parts.

RQ 1 (a)Are these tasks fulfilling the expectations of Project Mathgeirms of its
problem-solving objectives?

RQ 1 (b)Vhat degree of novelty is incorporated in these tasks?

RQ 1 (¥ What is the kvel of cognitive dmand of the tasks analyseah the topics
contained in theextbook chapters?

RQ 1(d What kind of reasoningalstudentsneed touse when completing these tasks?

RQ 1 (eWhat kind of understandin@usingUsiski & R A Y & yi&ing grohiotéd in
these textbook tasks?

Another research question (RQ 2) that is investigated relates to the textbook series and
whether differences exist between them.

RQ 2s there a difference between textbook series?



Similarly, given that tasks from textbooks in use from both before and after the
introduction of the Project Maths curriculum were analysedthird question (RQ 3)
relatesto whether there are changdsetween these sets of textbook series.

RQ 3lIs there a difference between the p#roject Maths and podProject Maths
textbook series?

Finally my last research question (RQ 4) considers whether textbook tasks can be
creatad in order to better address the intentions of the Project Maths curriculum than
thosetaskscurrently available.

RQ 4Can textbook taskbe designed to better meet the gtsof Project Maths?

1.6 Overview of the Thesis
Subsequent to the introduction tohe research outlined in this chapter, the work

undertakenis discussed in greateetail over the next sevechapters.

Chapter 2 provides some background information about mathematics education in
Ireland including he recent evision of the secontkvel syllabus and the
implementation of curriculum reforms. The chapter then focuses on the importance of
the classification of tdss in textbooks, which is central to this thes®onsideration is
given to the role of the textbook in classrooms internationahd in Ireland. Spsfic
textbook studies are examined, discussimgw they were conducted as well as the
findings for each study. Literature oagk design is also considered and howanprove

to be beneficial to teacher development.

Chapter 3outlines the theoretical frameworks that angilised in this study. Herbst and

/| KITFyQ&d onnmuU SE I Sagler(@oyfen 2t 8I2003KiSdistugsadimdzO G A 2 v
relation to the importance ofanalysingmathematical tasksMathematical content, in

the form of tasks, is an important aspect of the study of the teaching and learning. The

type of tasks that are offered to students by teachers allows us to gain some insight into

the opportunities available for the learning of mathematidhe Levels of Codivie

Demand (aglescribed in Smith an&tein, 1998) and mathematical reasoning (Lithner,

2008) frameworks are outlined’he Project Maths syllabus problesolving objectives

are described to give some insigmto the goals that the syllabus aspires to. An



explanation is provided diow these objectives are adapted for use as a framework for

the analysis of tasks in this study. 8 A &1 Ay Qa OSuHAamMHU Ydzf G§ARA)
mathematical understanding is describedfter examining the criteria falask analysis

usingeach of these fouframeworks, the kind of datéghat each framework offers to
researchesis outlined. A framework to classify th#oveltyCof tasks has been designed

as part of this thesignd is presentedn this chapter this framework can assisvith
distinguishing between certain categories in the Project Maths objectives, Levels of

Cognitive Demand and reasoning frameworks.

Chapter 4describesthe methodology used for the classification of tasks using the
frameworks described in chapter 3. @nthe methodology employed in the textbook
tasks analysis is explained, examples of classifications using the above frameworks are
provided. This chapter also describes a workshop used to gain external validation for the

Novelty framework outlined in chaer 3.

Chapter 5provides the esults ofthe classification o7635textbook taskn two topics

from a number of textbooks in use before and after the introduction of the Project
Maths curriculum. The textbooks are from three textbook serremmelyActve Maths,

Text and Tests, and Concise Maths. Tasks are analysed from the areas of Pattern,
Sequences and Series, and Differential Calculus using the methodology described in

chapter 4.

Chapter 6gives examples of the types of tasks that | have desigiméokmed by the

results of the classification of textbook tasks in chapterThe tasks designed are
accompanied by a classification of these tasks using four of the frameworks described in
OKFLJGSN) oT GKS [S@Sta 27F [/ 2 3soiingArafewokS Yl y R
LaAalAyQa YIFOGKSYFGAO € dzy RSNA G | o/ prdoigr@ F NI Y
solving djectives framework. A workshop at which the tasks designed for this study

were independently evaluated with respect to the Levels of Cognitive Demand
framework and the Project Maths problesolving Objectives framework is also

described. Amendments to the workshop tasks #ren provided arising from how the



workshop participantglassified the tasks. Classifications for these amended tasks are

also give.
Chapter 7discusses the findings from the analyaisl design of tasks in order to answer
the research questiongosed in section 1.5The limitations of tk researchdescribed in

this thesisare examined at the end of the chapter.

Chapter 8concludesthe thesis by making a number of recommendations arising from

the research completedDirections for future research are also outlined in this section.

10



Chapter 2 Literature Review

This chapter will give some background informateimout mathematics education in
Ireland including tb recent revision of the secorddvel syllabus and the
implementation of curriculum reforms. The importance attached to the classification of
tasks in textbooks is then examined. Consideration is givéinetoole of the textbook in
classrooms internationally and in Ireland. Specific textbook studies are outlined with
attention given to how they were conducted and what each one found. Task design is

also considered and how it can be beneficial to teaclesetbpment.

2.1 Curriculum Change
Project Maths is an initiative, led by the National Council for Curriculum and Assessment

(NCCA), to bring about positive change in the teaching auhiley of mathematics at
secondlevel in Ireland. Its inception came @it as a result of a number of concerns
raised about the state of mathematics education in the Irish system. One major worry
for policymakers was the level of performance of students in an international context.
PISA 2003 rated Ireland ®0out of 40 for mathematical literacy (Cosgrove, Shiel,
Sofroniou, Zastrutzki and Shortt, 2005), and it brought attention to the relatively low
performance of higher achieving students in mathematics in Ickla@osgrove et al.
(2005 p. 223 pointed out that there was weak match between PISA mathematics and
the existing syllabus in Ireland and suggested that any future review of mathematics
education should consider whether important mathematical content was absent from
the syllabus. There was a growing perception thtaidents were being prepared to pass
examinations in mathematics but were not being given an understanding of the subject
or of how to apply its concepts (Lyons et,a2003 p. . In 2005, a discussion paper
outlining some of the pressing issues was paitdd by the NCCA (NCCA, 2005). The
concerns raised included an emphasis on procedural skills rather than understanding,
poor application of mathematics to realorld contexts, low uptake of Higher Level
mathematics, low grades achieved at Ordinagvé&l, gender differences in uptake and
achievement, and difficulties experienced by some students in 4ewdl courses. A
subsequent questionnaire sought the views of students, teachers, principals, parents,

lecturers and employers. Following this consultafievorries were expressed by many

11



of these stakeholders about the lack of application of mathematics in-wedb

contexts (NCCA, 2006). Teaching and learning practices were cited in the consultation
NBLZ2NIO +Fa KIFgAay3a (KS 3 NBdrsinddig of mafierhatizS.y OS 2y
While the report acknowledged the need for change in the syllabus and the assessment

of same to take into account the need for more use of contexts and more applications,

there was broad agreement that a deeper understanding @thamatical concepts

g2dZ R 0SS T OKASOSR AT Y2NB GAYS 41 a 3IAGSy G2
WgKFEG ATQ YR WK26Q 2F YIGKSYFGAOad h@SNI
GSEGo221 O2dzZA R LIX I & I &adNRYy ThceNRrhafematits A Y LINR &

examinations.

Following this review, the NCCA began the process of revising the curriculum and the
new curriculum that emerged was named Project Maths. The new curriculum
emphasised thelevelopment of student problersolvingskills (NC@\, 2012ap. J). One

of the key aims of Project Maths is to encourage students to think about their strategies,
to explore possible approaches and evaluate these, and so build up a body of knowledge
and skills that they can apply in both familiar and uniiéan situations. The new
syllabuses were introduced on a gradual basis. There are five strands in total: 1)
Statistics and Probability, 2) Geometry and Trigonometry, 3) Number, 4) Algebra and 5)
Functions. Strands 1 and 2 were introduced in 24 Pilot &shp 2008 and in all other
schools in 2010. Strands 3 and 4 followed in 2009 for the pilot schools and in 2011 for
the remaining cohort, while the final strand was introduced in 2010 and 2012

respectively.

Change was not limited to syllabus contentpject Maths also advocated different
learning and teaching practices. A series of workshops, to which all mathematics
teachers in the pilot schools were invited, looked at specific topics from the different
syllabus strands to demonstrate a more investigatapproach to teaching and learning.
Looking at the experiences of teachers in the pilot schools, it has been noted that
teachers have observed a change in their teaching practices, with a move away from
didactic approaches to more active methodolog{BKCCA, 2012a. 20. As the Project

Maths curriculum becomes more embedded in Irish classrooms, it has been necessary

12



for some teachers to adopt different methodologies in order to attain the learning
outcomes outlinedby the syllabus (Department of Edumat and Skills2010). These
include the use of ICT to enable greater exploration of mathematical ideas within the
classroom. Teachers have also been encouraged to engage in class discussion through
the brainstorming of mathematical problems and to consi@dternative solutions to
similar questions. Similar to the pilot schools, an extensive programme-sdruice
workshops encouraging different approaches to teaching and learning has been made

available to mathematics teachers.

A number of reports haveeen published in relation to Project Maths and its impact.
The NCCA (2012b) in its response to the debate on Project Maths notes that textbooks
have traditionally supported practising routine questions with solutions based on
illustrative examples. The pert calls for more emphasis to be given students
engaging in problensolving approaches and justifying or explaining ithsolutions
(NCCA, 2012Ip. 18. It does not make explicit reference to how textbooks can be used
to support this; however it corigdes that teachers in the initial schools reported that
their classroom practice now relies less heavily on the textbook as the sole teaching
resource. The implication is that teachers should use the textbook less in the Project

Maths classroom.

The NCB also commissioned two reports (interim and final) (Jeffes, Jones, Cunningham,
5l gaz2ys [/ 22LSNE {GNI ¢z {dGdz2N¥IYy FyR hQYlyS
Straw, Wheater and Dawson, 2013) exploring the impact of Project Maths on student
learning and ehievement in the initial pilot schools (called phase one in this report) that
introduced the syllabus in 2008 and the remaining schools in the country (called non
phase one schools) that introduced it in 2010. As the revised mathematics syllabuses
were irtroduced incrementally in schools, a cohort of phase one Junior Certificate
students in 2010 had studied Strandgl bf the revised mathematics syllabus, while the
same cohort of students in nephase one schools had followed the previous
mathematics syllaus introduced in 2000. The latter group was therefore included as a
comparison group for this research. Similarly, Leaving Certificate students in phase one

schools had studied all five strands of the revised mathematics syllabus, while students

13



in nonphase one schools had followed revised syllabuses for Strands 1 and 2 only.
wSaSEkNOK ¢Fa OFNNASR 2dzi Ayidz2z aiddzRRSydaQ LISN.
using assessment booklets, and attitude surveys were conducted to gain insight into

how studentdelt about mathematics.

Key findings of the first (interim) report (Jeffes et al., 2012) show that students following
the revised syllabus were performing well in many aspects of the Project Maths syllabus,
YR GKSNB 6SNB Y| yeé LhcNdvdmier§ &nd ther Stlitéd&sSly & G dzR S
was suggested that phase one students were more reflective about their experiences of
learning mathematics, and were now more able to identify their own areas of strengths
and weaknesses. The research presented inirtberim report did not identify any real
differences between the skills of students following the Project Maths syllabus and
those following the previous syllabus, but students following the Project Maths
syllabuses reported that they were regularly engagwith a broader range of teaching
techniques and experiences than their counterparts following the older curriculum. Such
activities included: the application of mathematics to rBfd situations; making
connections and links between mathematics topiasing mathematical language and
verbal reasoning to convey ideas; and planning and conducting investigations. The
interim report (Jeffes et al., 201p, 132) found that both Junior Certificate and Leaving
Certificate students following the new curricatuwere performing particularly well in
relation to Strand 1 (Statistics and Probability), for example, which was accompanied by
a high degree of confidence reported in relation to this strand. Students who had
followed the revised syllabus appeared to fiSttand 4 (Algebra) more difficult and this

was identified as an area in which students lack confidence.

The finalreport (Jeffes et al., 2013, p) found that schools having greater experience of

teaching the revised syllabuses did not appear to be @ased with any improvement in
a0dzRSy(iaQ | OKASOSYSyld YR O2yFARSYOS® | OKA S
and Probability) and lowest in Strand 5 (Functions), confidence was highest in both of

these strands and lowest in Strand 3 (Number) andrtst 4 (Algebra) for all schools

(both phase one and nephase one). It was observed that confidence in mathematics

did not always correspond to achievement. Although students who participated in the
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research towards the end of the academic year perforrbetter than those tested at
the start of the school year, higher levels of confidence were not associated with

students who had almost completed their Leaving Certificate studies.

One of the main findings of the second (finedport (Jeffes et al., 2013. 3) is that

while students are frequently undertaking activities like applying mathematics te real

life situations and making connections between topics as described in the interim
report, more traditional approaches like using textbooks and copyingn frine
whiteboard continue to be widespread. The report notes that while some processes of

the revised mathematics syllabuses are visible in the work reviewed, there does not
appear to have been a substantial change in what teachers are asking studerds to d

and it recorded few differences between the phase one and-ploase one students. It

is suggested that teachers were, at that time, emphasising the content of the revised
syllabuses rather than the processes promoted within it. The research suggests tha
students are building up mastery of mathematical procedures and, to a slightly lesser
extent, are problemsolving and making mathematical representations. However, there

is very little evidence in the work reviewed that students are engaging in reasanihg

proof, communicating mathematically, or making connections between mathematics
G2LAOa® LG 62dzZ R FLIISEN GKFG GKS addzRSyida
YFGOK gKIG ¢la 20aSNBSR Ay GKS aiddzRSydaQ
students need to be regularly given high quality tasks that require them to engage with

the processes promoted by éject Maths, including: problersolving; drawing out
connections between mathematics topics; communicating more effectively in written

form; and justifying and providing evidence for their answers.

Research on Project Maths has not been confined to the experience of students; the
opinions of teachers have also been sought. Questionnaires were given to mathematics
teachers and mathematics deparent ccordinators in Ireland as part of PISA 2012
(Cosgrove, Perkins, Shiel, Fish and McGuinness, 2012). This survey aimed to obtain
empirical and qualitative information on the views of a nationally representative sample

of teachers on the implementationf Project Maths, and to compare this information

across teachers in pilot schools and ralot schools. Close to half of the teachers
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(47.5%) indicated that they did not know if Project Mathaswhaving a positive impact

at junior g/cle. One interpretaon of this is that it is still too early in the implementation

of the syllabus for teachers to have formed an opinion. Overall teachers at this level
indicated a high level of confidence in teaching aspects of the Project Maths syllabus.
However they alsadentified a number of challenges: time pressures (time to become
familiar with coursework, to prepare classes, for group work and investigations); the
staggered implementation of Project Maths; and the literacy demands of the new
courses. Teachers expeexl the opinion that there had been positive changes in a
ydzYoSNJ 2F aLIS0Ga Ay aiddzRSyidaQ €SFENYyAy3aszs A
concepts in probability and statistics and, in geometry and trigopnometry. It was also
reported that teachers felthat students have improved in their ability to solve rbfd

problems and their ability to work collaboratively with one another.

In 2013, the NCCA made contact with the two post primary teacher unions (the
Association of Secondary Teachers, Ireland &eachers Union of Ireland), the Irish
al GKSYFGA0a ¢SIOKSNEQ ! aa20AFGA2y o6Lac¢c! 0 |y
(PMDT) with a view to establishing a group to engage in discussions around the new
syllabus and how teachers could be supported in mipléementation. To this end, a
Maths in Practice group was convened, comprising nhominees from these organisations
as well as representation from the Department of Education and Science and the State
Examinations Commission. A series of meetings were heldele®@ September 2013

and January 2014, culminating in the publication of a report (NCCA, 2014). This
document contains a number of recommendations, in particular that the Leaving
Certificate syllabus should be reviewed following its complete implementatiahthe

final syllabus revisions that were introduced. It was noted tteaichers were still in

need of support with the development and use of tasthat involve working with
connections betwen topics (NCCA, 2024t also called for the explorationf@esign

based research, whereby teachers would design and enact interventions in the
classroom, as a focus of continuing professional development for mathematics teachers
in Ireland. It suggested that such research would not only be beneficial to individu
teachers but would also contribute to improvingathematicspedagogy in a wider

sense. The NCCA promised that recommendations of the report would also be taken into
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account when considering the new mathematicurriculum specification for junior

cycle,which is due to be published in 2017 and introduced to schools in 2018.

The IMTA produced a policy document in 2013 that outlined problems experienced by
teachers implementing the revised syllabuses and suggested possible solutions. Under
the headng of resources, the IMTA (201®. 7) reported that teachers are still quite
dependent on textbooks, and that these are used as a means to interpret the sylabi.
key problem identified with the textbooks was that the examples often provided proved
to be pooror there was an insufficient quantity provided. The report also suggested
that the textbook tasks had poaradation with the level of challengprogressingrom

easy to very demanding while neglex moderately difficult taskslt also called for

more guidance from the NCCA to be given to publishers and textbook authors when

preparing the textbooks.

I/ KAST 9EIFIYAYSNRa wSLENI 06{9/ 3 uanmciL AYy |
in 2016, the first of its kind published after the introduction dfet Project Maths
aetflodzad® LU NBOASHESR OFYRARIFIGSEAQ LISNF2NXYI
the goal ofidentifying strengths and challengasorder to provide guidance for teachers

and studens in the future (SEC, 2016It found that at Highe Level, the numbers
achieving a grade C or below has shown a marked increase when compared with
examinations before the introduction of the Project Maths curriculum and for Ordinary

Level, the proportion of students securing a grade B or above has diclihese that

might have studied Ordinary Level in the old syllabus are nowirggaat Higher Level
instead(SEC, 20361t also noted that the syllabus expectations are more ambitious than
previously and are not always easy to achiawe; authors commerdgd that there has

been a deliberate attempt to emphasise higher order thinking skills but acknowledged

that this presents difficulties for both students and teachers a{&EC, 2016. §. The

report recommended that students should become more famikéth describing,
explaining, justifying and providing examples. It noted thfa¢se skills assist with
improving understandingSEC, 2016p. 9. It also cautioned that teachers need to

provide students with the opportunity tdevelop strategie$or working with unfamiliar

problems (SEC, 2016p. 3Q. Teachers were also reminded to encourage students to
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practise solving problems involving réé¢ applications of mathematics. As part of this
process, students should be askedmodel these situations byoastructing algebraic
expressions or equations and/or representing them differently by drawing diagrams

(SEC, 2016. 30.

Lubienski (2011p. 46 noted that the absence of a textbook specifically designed for the
new syllabus was problematic at the iattuction of the new syllabus as it was very time
consuming for teachers to plan lessons. Also students were having difficulty keeping the
FY2dzy G 2F LI LISNB2N] 2NHFyAaSR RdzS (2 GKS
photocopied material to substitute for thdack of a textbook. The publishers of
mathematics textbooks have gradually produced new texts in response to the changed
needs of the classroom. However, it has also been reported that teachers are not fully
satisfied with the textbooks that have beengoluced, 45.3% of teachers surveyed in a
study on schools that participated in the Programme for International Student
Assessment (PISA) 20fEd that the textbooks produced did not support the approach
required ty the curriculum appropriately (Cosgrove at, 2012 p. 49. In addition, it

was found that 31.6% of teachers in this cohort feel that the content and range of
textbooks available are a major challenge. The teachers complained that there was no
textbook available for students studying at FoundatiLevel and that the content did

not satisfactorily address what was needed for students following the JunioifiCae

Higher Level course. Cosgrove et al. (2012) also state that some teachers in their study
felt that the style of the material covereldy the new textbooks differed to what was
covered during the professional development workshops for Project Maths. But, despite
the changes, value was still being placed on the textbook by students with teachers in

the pilot schools feelingressurised taise the textbooks in the classroofNCCA, 2012a

p. 8.

The Educational Research Centre (ERC) produced a report in 2016, intended for teachers
of mathematics in posprimary schools, focussing on the PISA 2012 outcomes for
students in Ireland and their iptications for teaching and learnin@erkins andShiel,

2016). In the outcomes from PISA 2012, students in Ireland were found to have

LISNF2NYSR aA3ayAFAOlydGte o6SGGSNI GKIFYy GKSANI
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performance has not changed consideralsince 2003. Instead, there has been a
decrease in the OECD average between 2003 and 2012, leaving Ireland rafiketd 13
the 34 OECD countries that participated. It must be noted that many of the Irish
students participating in the PISA 2012 assessmedtritd yet encountered the Project
Maths curriculum due to its phased implementation. Aside from the initial schools,
those sitting the Junior Certificate mathematics examination in 2012 had not been
exposed to Project Maths material. The report noted ttiadre are several themes that
have emerged from the PISA 2012 mathematics findings that are particularly important
for improving performance for students in Ireland: 1) the relatively poor performance of
girls, 2) high levels of mathematics anxiety amonglents, 3) addressing the needs of
lower performing students, 4) the relative underperformance of highehieving
students, 5) opportunity to learn mathematics and 6) the use of Information and

Communication Technologies (ICTs) in the teaching and ihgpofiimathematics.

A number of recommendations and practical suggestions are corttamehe report.

These include encouragiriggher achieving girls, to engageth more demanding and
complextasksand to explore problensolvingin novel wag (Perkins ad Shiel, 2016p.

4D ¢2 adzZlll2 NI addRRSydaz Ad A& adzZaA3ISadasSR
engagement in mathematics by 1) allowing students to decide on their own procedures
when solving problems, 2) assigning problems that can be sotvddferent ways, 3)
presenting problems in different contexts, 4) giving problems with no immediate
solution, and 5) asking students to explain how they solved a pvoBle 6t SNJ Ay a
Shiel, 2016 p. 8). For lowerachieving students, it is recommended thanore
opportunities would be presented to solve more complex problems so that they can
develop flexibility in applying what they have learned. Strategies suggested to assist
higherachieving students include providing opportunities to engage with problems

novel contexts and to explore different solutions to problems, including through the use

of technology. This would ensure that, where students are assigned procedural
mathematical tasks, they fully understand the underlying concepts. Students are also
encouraged to reflect on problems, asking them to explain their answers, and

supporting them in learning from their mistakéerkins and Shiel, 20,1p. 19.
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The OECD produced a broader report to offer advice to teachers in relation to the
findings fromPISA 2012 and strategies for teaching and learning. It found that Ireland
ranked 2% out of 65 participating countries in relation to the reliance on memorisation
A0NY GSIASa F2N) €t SENYAYy3I YIFIOIKSYIFGAOas GKAa
reports. Tke use of memorisation is cautioned against as students dependent on
committing material to memory are less likely to solve more challenging problems
(OECD, 2026In relation to the most difficult question on the 2012 PISA aration,
students who werdadentified as beinghe most reliant on memorisation when studying
mathematicswere found to be four times less likely to solve this problem correctly than
the cohort of students who reported using memorisation the Ie@ECD, 2016. 3§.

The report recormends that teachers should encourage studentshimk more deeply
about what has been learned and encourage the establishment of connections with real

world problems(OECD, 2016. 38.

2.2 Role of the Textbook
Textbooks are widely accepted as a commonised resource in mathematical

classrooms. According ttones, Fujita, Clarke and (2008 p. 143 over 60 per cent of
teachers on average, internationallygentify the use of a textbooks the primary basis

of their lessonswith a further 30 per cenbr more using a textbook as a supplementary
resource. Robitaille and Travers (1992. 70§ suggest that the dependency on
textbooks ismore characteristic of mathematics teaching than any other subject
Historically, there has not been a lot of researdrried out on the nature of post
primary mathematics textbooks in Ireland (Conway and Sloane, 2005). However, there is
some evidence that textbooks play an important role in Irish classrooms. Even in early
childhood mathematics classrooms, it was foundttheachers use the textbook for
guidance and giving structure to the programme of wdBunphy, 2009, p. 118).
Harbison (2009p. 13) points out that textbooks have a role in proposing potential
pathways for navigating through the strands of the primdtgithematics curriculurj

FYR hQYSSTFS YR hQ52y23KdzS 6unndpd F2dzy R (K|
mathematics teachers use a textbook on a daily basis. It has also been reported that a
lot of the time in the classroom appears to be relatedhe use of a textbook and very

often it is the only resource which students have access to during the lesson aside from
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the teacher, with most of the problems assigned for classwork and homework coming

from the textbook (Project Maths, 2017

However, Mofet (2009 p. 265 acknowledges thatlifferent textbooks lend themselves

to varying types of instruction and these ultimately resnltdiffering learning outcomes

The latter may explain why the use of textbooks can prove to be problematic. Fan and
Kaeley(2000) conducted a study investigating the influence of textbooks on teaching
strategies. Their findings show that textbooks can impact not only on the content of
0SFOKSNERQ fSaaz2ya odzi Ffaz2 K2g GSFHOKSNAR IO
diffAQdzt &G G2 NBFT2NXY (S OKSNEQ GSIFOKAY3I YSiK2
textbooks being used due to the important role that textbooks play in affecting teaching
strategies. Indeed, Valverde, Bianchi, Wolfe, Schmidt and Houang, (PO have

suggested that textbooks act amediators between the teachen the classroom and

those whodesign curriculum policyHowson (1995) suggests that textbooks are closer

to the reality of the classroom than a national curriculum. As the textbook remains as a
popular resource with teachers in Irish classrooms, it is important to see what kind of
teaching and learning is promoted through the use of particular textbooks. As well as
revising the curriculum, the Project Maths Denmhent Team (Project Maths, 20LiAas

cautioned teachers in their choice of textbook: the PMDT points out that there is no

single textbook which can suit the learning needs of all students and it has advised
schools, when choosing a textbook, to take into accounts the abilities, needs and
interests of their students, as well as the quality of the book. It had been noted, before

the implementation of Project Maths, that mathematics textbooks in the Irish system
promoted retention and practice as opposed to active learniogh QYSSTFFS |y
h Q5 2hyie2 2009, p.290).

Similarly classroom inspections in Ireland, before the introduction of Project Maths,

have shown that teaching was highly dependent on the class textbook which had a
tendency to reinforce this drill and practice style (NCCA, 2006nbtevas not unique in

this, and similar inspections in Swedish lower secondary schools found that the teaching
of mathematics relied on the use of textbooks more than was the case for any other

subject (Johansson, 2006). Johansson (2006) also reportedrif@er study of Swedish
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classrooms, students were working individually with textbook tasks for more than half of
SIOK fSaaz2y 20aSNWSR: |yR (UKS &adGdzRSyidaqQ
textbook. Swedish teachers in the study were also found to tekamples and
definitions directly from the textbookViholainen, Partanen, Piiroinen, Asikainen and
Hirvonen (2015)indicated that textbooks are used by teachers as mediators of the
curriculum in upper secondary mathematics in the Finnish classrooms tiet t
observed. The teachers involved in their study tended to use the textbook as the main
source in planning their teachingTeachers reported strong confidence in the
pedagogical solutions offered by the textbooks, particularly the selection of contest, t
order of topics and exerciseStudents viewed the textbookrimarily as a source of
exercises.(Viholainen et al.2015 p. 174. Lepik (2015), when surveying Estonian
teachers, found that textbooks exerted a strong influence on the content thatuighta

and learned. However, the teachers claimed that their teaching approaches were not
driven by the instructional approaches of the textbook; rather they reported using the

textbook only as a source of exercises within the classroom.

2.3 Textbook Studi es in Ireland
Up until recently there has not been a lot of research conducted on mathematics

textbooks in Ireland, especially at pgstimary level. This situation has now changed
with the introduction of Project Maths. This section will further consither work that
has been carried out on textbook analysis involving Irish mathematics textbooks at both

primary and posprimary level.

Dunphy (2009) looked at how successful it was to teach mathematics for understanding
to lower primary school students ineland by relying on textbooks as the main method

of pedagogy. Her evidence of the use of mathematics textbooks was obtained from
guestionnaires about practice, completed by 48 classroom teachers across four class
levels in primary school. The researdmowed that textbooks were used by these
teachers in the lower primary years as one of the main resources in teaching the
curriculum. Teachers in her study perceived textbooks as a means of consolidating and
extending learning. They also used them to stauetthe programme of learning and as

an aide to classroom management. Dunphy advises that future textbooks should have
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more meaningful tasks; this would help the motivation of students as they would view

the tasks as relevant and worthwhile.

Studying texbooks used in different countries can reveal similarities and differences in
the teaching and learning of mathematics. Such analyses can reveal differences in the
performance expected of students in different countries, the extent to which a selected
textbook series from a country prioritizes conceptual understanding or procedural
fluency, and how the treatment of the mathematical content differs among certain
countries. Charalamhg, Delaney, Hsu and Mesa, (2010) report on a comparison of the
treatment of addition and subtraction of fractions in primary mathematics textbooks
used in Cyprus, Ireland, and Taiwan. Their research looks at what similarities and
differences can be seen in the presentation of addition and subtraction of fractions in
primary mathenatics textbooks in these three countries. It also examines what
expectations of student performance on these topics are embedded in the primary
textbook tasks on this topic. When considering what was required of students, they
focussed on the potential cogive demands of textbook tasks and the type of response
asked for using the Levels of Cognitive Demand framework. Their textbook analysis
drew heavily on the work of the QUASAR (Quantitative Understanding: Amplifying
Student Attainment and Reasoning)opgct team as outlined in Smith and Stein (1998).
Each of the tasks was classified into one of the four levels of cognitive demand (LCD):
lower level demands of memorization and procedures without connections to meaning,
and higher level demands of proced@s with connections to meaning and doing

mathematics. This framework will be examined in more detailer in chapter 3

In their analysis, they looked at one textbook from Cyprus, two textbooks from Ireland
and two textbooks from Taiwan. It was fourttat tasks in both Irish textbooks appeared

to be organized on a continuum, from tasks with lower demands at the start of a section
to tasks with higher demands at the end, whereas in the Cypriot and Taiwanese
textbooks tasks of lower and higher demands eventerspersed throughout the
relevant sections. They found that more than 85% of tasks in the Cypriot and the Irish
textbooks represented low cognitive demand (procedures without connections to

meaning), while they classified 71% of the tasks in the Tiasivanese textbook and 81%

23



in the second Taiwanese textbook as having high cognitive demands (procedures with

connections to meaning or doing mathematics).

Only one textbook out of the five analysed, a Taiwanese textbook, had tasks that
required studens to explain their solutions. Tasks in the Irish and Cypriot textbooks
required students to simply supply the answer. Both Taiwanese textbooks placed a
higher expectation on students than the other textbooks, specifically requesting the
writing of a mathenatical sentence as part of the solution to a problem. The authors
point out that writing such sentences or providing explanations is important for helping

students clarify their thinking and solution processes.

hQYSSTTS YR hQ5 2y 2dadfeaSof theHentodkiconferdt strucie | 4 G K
on student comprehension and motivation. Eight Irish textbooks, two each from four

different textbook series, used at junioyale were looked at in total for the study. In

order to analyse the effectiveness of etbe textbooks for pupil motivation and
comprehension, the Rivers Matrix was applied. This framework looks at a number of

factors: motivational factors - historical notes, scientist and mathematician biographies,

career information, applications and phota@ghs; comprehension cues - colour and

graphics; technical aids - inclusion of material related to calculators and computers;
philosophical position - emphasis and predominant philosophy. The TIMSS framework
outlined earlierin section 1.3was also used aa framework for the analysis of these

textbooks.

The presence of historical notes, biographies, career information and photographs was
found to be almost nofexistent across most of the textbooks. The percentage of tasks
which were viewed as problems, ete a problem was defined ass#uation where a

direct route to a desired goal is blockédh QYSS SFTR h Q529 R AW uzeS> H N
particularly low in each case. The use of attractive colours, which is important for
student comprehension, was found tee limited throughout all the textbooks. Concern

was expressed about the low number of graphics employed to assist with the
visualisation of realife problems and the lack of relife graphics throughout the

textbooks. The use of technical aids was netdent in any of the textbook series
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analysed. It was noted that all the textbooks highlighted retention and practice, with
little focus on active learning. It is pointed out that none of the textbooks fostered an
environment of understanding. All the téddoks were found to have an emphasis on
proficiency and logic. This means that the books focussed on students being able to
complete a number of questions. Thus understanding was not given the same

importance as procedure and method in each of these teakso

Il OO2NRAY3I (2 GKA&A addzReQa TFAYRAYy3IAZI GKS Y
teachers at the time for teaching and planning was not the most beneficial available to

aid learning. The authors advocated a need for standards and/or a checklist fo
textbooks in order to enhance learning at junior cycle. At the time of this study it was

noted that the failure of textbooks to include motivational material and comprehension

cues highlighted a need for improved textbooks. Further research of thisnasccalled

for in the hopes of developing standardsnrathematics textbook design at junioyae

which would lead to better teaching and learning resources, and would contribute to an

increase in the ptake of Higher Level Ma#imatics at junior gcle.

y HAaMmMEI hQYSSTFS YR hQ52y23KdzS O6HnmHUO O2
published in response to Project Maths that were available at the time (ten in all). The
TIMSS mathematics curriculum framework, was used and adapted for this analysis. The
Third International Mathematical and Science Study (TIMSS) was ar@atissal survey

of student achievement in mathematics and science in which fiive/ countries took

part. Valverde et al. (2002) reported on the TIMSS study which analysed six hundred an
thirty science and mathematics textbooks. It remains one of the only studies to examine
the textbook as a whole, even considering the number of pages in each textbook. The
conceptual framework for TIMSS focussed on curriculum as a broad explanatony facto
underlying student achievement (Beaton, Martin and Mullis, 1997), considering three
parts in its model, namely intended curriculum, implemented curriculum and attained
curriculum. For TIMSS the textbook was viewed as the potential implemented

curriculum.
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The study found that all textbooks analysed fell short of the standard needed to support

the Project Maths (intended) curriculum effectively, as outlined in the Project Maths

Sylldus documents for juniorycle (including the Commomtlroductory CoursgCIC)),

and senior gcle. However, the study acknowledged that some of the new textbooks are

better aligned to Project Maths expectations than others. The individual profiles of

textbooks as developed in this study demonstrate different strengths and messles.

Topic omissions were observed even though the Project Maths syllabus treats all topics

Fda O2YLlz a2NBod hyS SEFYLXS 3IAGSY 61 & WIOELR
SEOf dzZRSR FTNRY 2yS G(SEGo221Q4&4 GNBFIYSYyld 27F
relation to teaching for unérstanding, problersolving, using real life applications, and

integration of ICT were found to be addressed to varying degrees within the textbooks.

Some textbooks showed greater consideration for teaching for understanditegrnms

of narration and related narration; while no one textbook serigas found to address
problem-solving satisfactorily. The conclusion of the analysis was that the textbooks

display a genuine attempt to match Project Maths expectations but no one dektb

meets all the Project Maths expectations.

It is clear that the most significant finding of the report is the mismatch between the
textbook expectations and the Project Maths expectations. The report recommends that
an exemplar textbook series for Peaf Maths should be produced by a specially
selected writing team appointed and funded by the Department of Education and
Science. All commercially produced textbooks for Project Maths should then be
reviewed against this exemplar textbook series. Sucavéew procedure would lead to

a list of mathematics textbooks for Project Maths approved by the DoES.

Davis (2013) examined the prevalence of reasoingproving in the topic of complex
numbers in six Irish textbooks and one teaching and learning ptzstuped for teachers
during the introduction of Project Maths. His study uses a framework consisting of five
main components: namely pattern identification, conjecture development, argument
construction, technological tools, and reason#ugd-provingobjeds. Only 1.4% of tasks

in Ordinary kveltextbooks and 1.3% of tasks in Highewé&l textbooks involved pattern

identification or conjecture development. There were no opportunities to test
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conjectures, construct counterexamples or develop proof subcompt:im any of the
YFGSNRIta SEIFIYAYSR® ¢KS NI thasix fedtbodk Ndtsdo 5 | @A &
not align with the Project Maths syllab(®avis, 2013p. 59. The Project Maths Leaving
Certificate syllabus requires students to explore patteamsl formulate conjectures,

explain findings, and justify conclusions. However, it would appear that the textbooks

are not meeting this aspect of the Project Maths syllabus and it will fall to the teacher to

supplement this shortfall with suitable activise

2.4 Importance of Tasks and a Wise Choice of T asks
This section outlines the importance of tasks and how classifying tasks can highlight their

role in the teaching and learning of mathematics. There are many different definitions of
problems and exerces. For this study, a task is considered to be an activity where a
student interacts with a mathematical topic by attempting to solve a textbook exercise

or problem either as homework or within the classroom. An exercise is treated as
something that can beolved using a familiar method and a problem involves the finding

of a solution where the solution method is not immediately obvious. Maand
JohnstoRrWilder (2006 p. 4 define a task to be what learners are asked to do in the
mathematics classroom. dhematics classroom instruction is generally organised

I NPdzy R YR RSt AGSNBER (KNP dz3 Kasks (DdsieS1gapa Q | Ol
168). In all of the seven countries that participated in the TIMSS 1999 Video Study,
eighth-grade mathematics as most commonly taught by spending at least 80% of
lesson time in mathematics classrooms working on mathematical tasks (Hiebert,
Gallimore, Garnier, Givvin, Hollingsworth, Jacobs, Chui, Wearne, Smith, Kersting,
Manaster, Tseng, Etterbeek, Manast@opnzads and Stigler, 2003. 42. Doyle (1983

p. 160 makes the case that what students learn is largely defined by the tasks they are
given. He believes that taskspecify ways of processing information and influence
learners by directing their attention tparticular aspects of contenSulliva, Clarke and

Clarke (2012 p. 14 give great importance to mathematical tasks by saying that
mathematical thinking stems from studef’s Sy 3+ 3SYSyd A 0GK LINROf

opposed to following a series of detailetsiructions from the teacher.
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Henningsen and Stein (199Pp. 525 point out that tasks by their nature have the
potential to influence and structure the way students think and this can either limit or
broaden their views onhe subject matter being stued. Shimizu, Kaur, Huang and
Clarke (2010p. 1) describe the role of mathematical tasks as beangmportant aspect

of study when attempting to understand teaching and learning for thresearching
classroom practicesMarx and Walsh (1988o. 20§ also affirm the advantages of
analysing tasks due to their link between teaching and learning. Teachers choose the
tasks that they will use in the classroom with specific learning objectives in mind.
Through the use of different pedagogical methods the sans& tan be used to achieve
different learning outcomegMarx and Walsh, 1988p. 21). It is not possible to
determine exactly how a teacher will use a taskriris structure alone. HoweveMarx

and Walsh believe that is important that tasks should bef a sufficiently high quality

so as to allow teachers to achieve their desired learning objectives when the tasks are
given to students. If the tasks are too narrow in their scope, then teachers, seeking to
SYNAOK (GKSANI &iGdzRSy (i a @ havd td BEugnventiiter® lorf lookS E LIS NR& S
elsewhere to meet the needs of their classro@harx and Walsh, 1988, p. 211)

There is evidence to suggest that tasks convey information to students on the nature of
the subject of mathematics. Examples and selected tdeslsence how students
ultimately perceive and use mathematiggthony and Walshaw, 2009¢. 155. Through
engagement with tasks, students not only gain mathematical competence but also
develop ideas about the nature of mathematics. By working with tastkslents get an
opportunity to develop their own mathematical interests (Hodge, Zhao, Visnovska and
Cobb, 2007). Henningsen and Stein (1997) argue that effective teachers carefully choose
tasks so that all students are given assistance in making progrgssheir cumulative
understanding in a mathematical topic and are also encouraged to engage Hehelh

mathematical thinking.

Several frameworks have been suggested to examine tasks in relation to their use in the
classroom as well as the implematibn of the curriclum. Cohen et al(2003)
developed a framework whicplaces teachers, students and content as three elements

situated at the vertices of a triangle where each element interacts with the others and
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the environments (including parents,X#ook publishers, examination bodies and state
agencies) in which theyra immersed. Herbst (2008. 125 views the tasks in the
mathematics classroom as common ground that links each of the vertices of the
instructional triangleln terms of content, tk task is a representation of mathematical
ideas. For the students, the task is an opportunity to learn more or to think differently.
The teacher manages the task as a representation of the content to be learned and the
teacher is also responsible for ugithe task as an opportunity for students to study and
learn mathematics. Each element in the instructional triangle is important as is the
relationship and interplay between them; the task is at the centre of the activity that
permeates these relationshipand is worthy of study when considering the quality of

instruction.

Pepin, Xu, Trouche and Wa(®p16) examined the resource systems, including tasks, of
GKNBS / KAySasS YIGKSYIGAOE WSELISNIQ GSF OK
Documentational Approacko Didactics, which is a framework that acknowledges the
AYLRNIOFYG FYR OSYUuNlrf NRES 2F NBaz2dz2NDSa 7T+
are defined as the curriculum/textbook and personal resources that teachers make use

of as part of their teachingoutine, as well as the material used when preparing for
teaching in the classroom. Pepin et al. (204615 describethe influence ofresources

2y GSIFOKSNBQ AyailNHzO0A 2y I fTheyLagueOthaviénwtg | Y R A
resources as a lens ables the researcher to examine mathematics teaching expertise

and to identify different aspects of such expertise by examining the link between

teaching and the materials that teachanderact with on a daily basi®epin et al., 201,6

p. 16.

Jones andPepin (2016p. 10§ point out thatil S OKSNE Q a St SOGA2y 27
linked to their perceptions of teaching and learning. They believe that tasks are often
interpreted as influencing or even determining the kind of opportunities afforded to
students for learning. Haggarty and Pepin (2002) examined mathematics textbooks in
England, France and Germany and observed how a small sample of teachers from each
O2dzy iNE dzASR G(KS (SE(lo2214a G2 GSIFIOK (KS Oz

teachers in relation to their use of tasks. It was found that the students were offered
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very different learning opportunities which were influenced by both the teacher and
textbooks and the culture in which they were situat8they suggest that not only tasks
but also their use shaped what students could learn and how they could access and use

mathematical content.

Remillard (1996, 1999) identified three arenas of curriculum development activity that

teachers engaged in through a study of two fougtade teak SNE Q dzaS 2F | (S
LIdzo f AAKSR | F3GSNJ OdzNNA Odzf dzY NBEF2NX® ¢KS 0 SNY
Bent SNBGT Qa4 omdpdnd RSAONALIIAZ2Y 2F GKS NRtS 2
resources for use in the classroom. Remillard (1999 328 refers to the design,

construction and mapping arenas. The design arena involves selecting and designing
mathematical tasks, the construction arena involves enacting these tasks in the

Of FaaNRB2Y YR NBaLRyRAy3d (2 athdREyiivwa® Ay dSNI
found that no matter how teachers selected tasks from the textbook, teachers would

YITS AYLINROGAASR FRIFLWGIFGAz2zya G2 Glrala Ay NB3
tasks. This is described adapting and adjusting tasks, in an une@insed manner, so as

G2 FFrOAEtAGFGS &l dzR SReinillaf, 189DNIB29. dhelfifal ateaSa S (I a
mapping, involves making decisions and/or choices that ultimately determine the

content of the mathematics curriculum for the academic year.

Remh f t F NR oOownnp0v 2FFSNE | TN YSE62N] F2N OK
interactions with curriculum materials, specifically resources and guides. Gehrke, Knapp

FYR {ANRBUOYA] OMPppPHO A& dzaSR o0& wSYAffFNR 0
curriculy QX WAYiSYRSR OdzNNR Odzf dzyQ |y R WSyl OGSR
referring to the goals and activities espoused by national policies, school policies or
F2NXdz I GSR Ay (SE(o221ad ¢KS AYyGSyRSR OdzNNR
while the enacted curriculum describes what actually takes place in the classroben.

framework of Gehrke et.|§1992) uses terminology differently from that found in many

other publications, notably ones for creeational studies such as TIMSS. For TIMSS, the
WESYRSR OdzNNA Odzf dzYQ Aa GKFG LINBAONROGSR o8
Of FaaNe2yY S@St Aa OFftfSR (GUKS WAYLIX SYSyYGSR
national intended curriculum and this had led to different usages of these terms when

considemg the American contexRemillard (2005p. 23§ provides a new framework
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that adds another dimension when considering the implementation of the curriculum
NEFSNNBER (2 & GKS WLIX FYySR Odz2NNA Odzt dzyQo L
is theresult of the interactions between the teacher and the curriculum. It is different
from the intended curriculunas it goes beyond just the aims for instruction held by the
teacher. The framework acknowledges that the planned curriculum can shape what the
teacher seeks and draws on when interacting with resources. The enacted curriculum
then results from how these plamsanifest in certain contextwith studentsUsing this
framework, Remillard (2005. 239 cautions that theprocess involving the use of a
mGKSYFGAOa OdzNNA Odzf dzy JIdzARS Aa 020K Reyl
beliefs, knowledge and dispositions. She also points out that the decisiaaldpt a
single curriculum doesot necessarily result in uniformathematics instruction.

Tasks tht require different cognitive processes are likely to induce different kinds of
learning. Ainley, Pratt and Hansen (2006) suggest that by providing tasks and learning
experiences that allow students to think, in an original fashion, about mathematical
concepts and relationships, teachers help learners to develop efficient ways of learning
about mathematics. Watson and De Geest (2005) caution that tasks should involve more
than practicing taught algorithms. Effective tasks should provide opportunities for
students to question their reasoning activity and to struggle with mathematical ideas.
Posing tasks with a high level of mathematical challenge enables students to employ an
increasingly sophisticated range of mathematical thinking. Jonsson, Kulaksizheredt Li
(2016) point out that practising tasks requiring creative reasoning is superior to

practising those necessitating algorithmic reasoning in terms of later memory retrieval.

Results from Stein and Lane (1996) suggest the importance of incorpohagintgvel,

O2YLX SE {GFala AT GSFHOKSNE 6AaK (2 LINBY2(S
problem solve. Their research found that the greatest improvement on performance
assessments were recorded when students had been exposed to instructionalhlasks t

involved students'doing mathematicQ or using Yrocedures with connectian to

meaningl & 2LJJI2ASR G2 Y2NB OGNIRAGA2YI T GFalaoe
gains were greater when tasks were set up to encourage the use of explanations,

multiple solution strategies and different types of representation.
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Hiebert and Wearne (1993) analysed teaching approaches and tasks in six classrooms.
Four of the teachers used a conventional approach dependent mainly on the solving of
routine exercises and ranglemploying problem situations; two teachers used fewer
tasks but explored them at a greater depth allowing for more exploration and
discussion. It was found that students in the classrooms using the alternative approach
fared better than those taught ime conventional classrooms when given mathematical
assessments. They concluded that tasks designed to encourage-bigleeithinking are

more likely to foster such thinking rather than tasks thabmote the practice of skills.

Xin (2007) conducted a sty to examine the learning opportunities for problesolving
provided in 1 U.S. and 1 Chinese mathematics textbook series. It found that there was
an unbalanced word problem distribution in the U.S. textbook in comparison to the
Chinese one and this resatt in the American students being able to solve certain word
problems more easily than the Chinese due to the textbook coverage. Guven;@ydin
and Ozmen (2016) conducted a study to examine the relationship between the tasks
that teachers preferred to wsin mathematics lessons and student achievement when
solving different types of tasks. Nine mathematics teachers were interviewed, and
corresponding tasks were prepared and administered to 225 eighdlde students. It

was found that teachers preferred gks that matched the goals of the curriculum and
were routine in nature. Students were found to be more successful with solving tasks
that involve missing data in contrast to tasks with irrelevant data, tasks that are visual
and do not require the use ofifferent strategies. They were found to be less successful
with tasks that require the use of different strategies. It was found that the type of tasks
at which students were successful and which teachers preferred were related. From
these studies, it wold appear that tasks can impact on teaching and affect the learning

opportunities offered to students.

2.5 International S tudies on Textbook T asks

Asseeninsection 22 Al KlFa 0SSy NBLR2NISR (KFG GSEGO2;:

pedagogy and caniteer encourage or discourage the use of different teaching
strategies. A number of studies analysing mathematics textbooks in different ways have

taken place internationally. For instance, as will be seen in this section, attention has
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been given to the agnitive skills that textbook tasks require. Similarly, work has been
completed on the type of reasoning that is necessary for solving textbook tasks.
Researchers have investigated the relationship between textbooks and the curriculum,
investigating if thetextbook actually reflects the intended curriculum. Work has also
been completed on the mathematical topics covered in textbooks and how well tasks
promote its learning. This section will look at some key international textbook studies in

each of these a&as.

Jones and Tarr (2007) looked at the cognitive level of tasks in a number of American
middle grade textbooks. They looked at twelve textbook series which were published
over a fifty year period. Their analysis made use of the LCD framework mentioned
earlier. The findings of Jones and Tarr suggested the majority of tasks over the fifty year
span required a low level of cognitive demand, in particular involving procedures
without connections to meaning. Just one textbook series proved to be an exception
where the majority of its tasks required a high level of cognitive demand. They found
that there were a greater number of tasks, but not necessarily a greater percentage of
tasks, that required higher levels of cognitive demand in the more recently peblis
textbooks. The analysis revealed a greater percentage of tasks requiring a high level of
cognitive demand in the 1970s than those published between 19942804 (Jones and
Tarr, 2007 p. 18.

Bayazit (2013) analysed three Turkish elementary schodbdeks in relation to the

jdz- t AGe 2F GlF&ala LINRPY2GAY3I &adGddzRSyidaQ LINE L
classroom activities while others were intended as homework. The analysis was carried

out at both a macro and micro level and included examirtimg level of cognitive

demand of the tasks. Like Jones and Tarr (2007) above, the analysis was based on the
level of cognitive demand that textbooks tasks present using the four categories of
memorization, procedures without connections to meaning, progedu with

connections to meaning and doing mathematics. It was found that the majority of tasks

(75%) had a high level of cognitive demand (LCD) and most of the tasks were presented

in multiple representations and made use of agathematical contexts.
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Kim (2014) conducted a study in order to examine how Korean post primary textbooks
ddzLILIR2 NI addzRSydaQ YFGKSYFGAOFE GKAY1AYy3 |yR
functions and geometry were selected from 5 textbooks aimed at grade@saiid the

entre @ yiSyda FTNRY H (SEG62214& dza&SR F2NJ INI R
framework suggested by Smith and Stein (1998). The findings suggested that 94% of the

tasks analysed in the selected textbooks were at a low level of cognitive demand, with a

limited numd SNJ 2F GF &a1&a NBIldZANARY3I WLINRPOSRdAzZNB&a oAl
GSNE FSg (lala Aygd2t oXyR0olWmp2285FEahcluddd th&tS Y G A Oa
students are not givermany opportunities to think nonalgorithmically andare not

offered sufficently many tasksin order for themto develop an understanding of

mathematical processes and relationships.

Yang and Lin (2014) examined the topic of functions in mathematics textbooks used in
Finland, Singapore and Taiwan for grade®. The most populatextbook series from

each country was selected. Using the LCD framework, it was found that the Taiwanese

series had the greatest number of HLD tasks (63.9%), the Singaporean series had less
(53.7%) while the Finnish series had the least (37.3%). Thedifi@rence being that a

f2G 2F CAyyArakK GSEGoz221 Grala 6SNB LI OSR
compared to the Singaporean series (0%) and Taiwanese series (Y&3%¢).and Lin

(2014, p. 5095uggesthat the Finnish textbooksould increase theomplexity of their

tasks.

Son and Hu (20)6completed a similar analysis investigating the treatment of the
concept of function in selected pegrimary school textbooks from the U.S. and China.
For the study, 1 U.S. reform curriculum textbook, 2 ti&litional curriculum textbooks

and 1 Chinese reform curriculum textbook were used. They found that the U.S. curricula
examined as part of their study introduce the concept of function one year earlier than
the Chinese curriculum. The U.S. textbooks plewide far more problems for students

to work on than is the case with the Chinese textbooks. In contrast, the Chinese
curriculum emphasises developing both procedures and concepts and it also includes
more problems that necessitate visual representaiprexplanations and problem

solving. The Chinese textbooks contain several worked out examples that encourage
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students to design multiple methods of solution. The U.S. reform curriculum textbook
had the highest percentage of problems set in an illustrateatext with 93.2% while

the 7" grade U.S. traditional curriculum textbook had the highest proportion of
problems set in a pure mathematics context with 88.2%. The Chinese textbook was
more balanced with 51.5% of problems set in a pure mathematics comiect the
remainder in a realife context. Son and Hu (2016, p. 18suggestthat the students
using the U.S. reform curriculum textbo@ke given more opportunities to connect
function concepts to redife than those using the other textbooks$n relaion to
cognitive expectation, it was found that the two U.S. traditional curriculum textbooks
(7" grade: 10%, B grade: 21.9%) and the Chinese textbook (36.3%) had a smaller
proportion of tasks requiring problersolving or mathematical reasoning compared

the reformed curriculum textbook (51%). Another finding of this study was that students
using the U.S. curriculum reform textboowould be offered better learning

opportunities than those relying on traditional texts.

Bergquist, Lithner and Sumpte?2(008) looked at tasks intended for upper secondary
a0K22f &aGdzZRSyida Ay {6SRSyYy> &AAYAfI NI G2 GKS
reasoning while solving tasks was analysed, with a focus on the use of different strategy
choices and how they were pfemented. The reasoning framework developed by
Lithner, will be outlied in more detail in chapter.JFifteen students were videotaped

solving tasks, showing their written work while thinking aloud. The results from
.SNHBIj@Aald Si It makematidalyzéfourdgdrebrSitletatons iwiré {

rare. The dominating reasoning types observed were algorithmic reasoning (where
students tried to remember a suitable algorithm) and guided reasoning (where progress
was possible only when essentially all omant strategy choices were made by the

interviewer).

{ARSY@IttZ [AGKYSNI YR WIRSNI 6HampO - O2 YLI ¢
solving in Swedish upper secondary school, focussing on the types of mathematical
reasoning required and the ratef correct task solutions. The data was gathered by
studying videeNBE O2 NRAY 3a> GNI yaONRLIia FyR aiddzRSyi

classwork. As part of the study, 15 students broken into 7 groups drawn from four
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different classes attempted 86 textboolagks. A typical lesson commenced with a

iSHOKSNR& LINBaSyidlraarzy F2ft2¢6SR o0& aiddRSyd

free to work on their own or collaborativelgidenvall et ali2015, p. 533yvarn that ote
learning is a cause for concern becautseslates to the tendencyor students to use
imitative strategies, which are mathematical superficial, instead of creating their own
solution methods through reasoningThey found that rote learning and superficial
reasoning was a common feature, and?8@f all attempted tasks were correctly solved
using imitative reasoning strategies. In the few cases where mathematically founded
reasoning was used, all tasks were correctly solved. One feature of the study suggests
that student collaboration and dialogudoes not necessarily lead to mathematically
founded reasoning or deeper learning. Students were found to copy solutions from
each other without receiving or seeking mathematical justification. They concluded that
collaboration of such a nature could aelly be a disadvantage to learning. It was also
evident that the worked examples and theory sections from the textbook were not used

as an aid by the students when solving tasks.

Boesen, Lithner and Palm (2010) compared tasks in a Swedish upper secsctuzoly
national test to those that students would have encountered previously when using
textbooks. Their results show that when confronted with tasks similar to those in the
textbooks, they mostly used imitative reasoning by trying to recall facts aridigs.
When using this imitative reasoning, they were successful in completing the tasks.
However, using this type of reasoning did not require the consideration of intrinsic
mathematical properties. When solving test tasks that were wholly differerithtse
contained in the textbooks, successful solutions were based on the use of creative

reasoning and they tended to be connected to the relevant mathematical foundations.

Jader, Lithner and Sidenvall (2015), in an unpublished manuscript, completedlgsis

of school mathematics textbooks from 12 countries (including the Active Maths
textbook series from Ireland), looking at the reasoning that selected tasks matching the
RSAONALIiA2ya aSljdzr GA2ya yR FT2NXNdz | @& | YR
and geometry topics required. This study considered whether solutions could be

modelled on worked examples provided in the textbooks or if it was necessary to
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construct a method of solution. The results show that an average of 79 % of the tasks
examined required imitative reasoning. It was found that the percentage of tasks
requiring creative reasoning was higher among geometry tasks than algebra tasks in all
textbooks. It was also discovered that 13 % of the tasks could be solved by mimicking
solution nmethods provided but required some minor modification, and the remaining 9
% of the tasks require that the main part of the solution is created without the guidance
of a modelled solution. In the case of Ireland, 86% of tasks were found to require
imitative reasoning, 10% followed a modelled solution with some alteration and 4%

necessitated creative reasoning.

The 1999 TIMSS Video study (Givvin, Hiebert, Jacobs, Hollingsworth and Gallimore,
2005) analysed teaching patterns in seven different countriesludimog Australia.
Mathematics lessons were examined from several viewpoints, including the types of
problems that students solved. It was found that Australia had the second highest
proportion of reallife contexts in the lessons observed but that threeagers of the

tasks were repetitions of preceding similar problems in the lesson. Australian lessons
also had the highest proportion of problems with low procedural complexity and had
virtually no use of proof or reasoning. Since then researchers have keen to see if
changes implemented in Australia have had the desired effect on pedagogy and

textbook content.

Vincent and Stacey (2008) examined whether tasks presented in textbooks in 2006 were
still broadly aligned with the results of the 1999 study Australia. They looked at three
topics (addition and subtraction of fractions, solving linear equations and plane
geometry concerning triangles and quadrilaterals) in nine eight grade textbooks in
Australia.

Each of the textbook tasks was classifiextading to five of the TIMSS Video Study
criteria: procedural complexity, type of solving processes, degree of repetition,
proportion of application tasks and the proportion of tasks requiring deductive
reasoning. Procedural complexity was classifiediieelow, medium or high according

to the number of decisions required by the student when solving the task. The type of

solving processes used in problems involved categories such as using procedures, stating
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concepts or making connections. A task wlasgified as repetition if it was the same or

mostly the same as a previous problem in the lesson. Vincent and Stacey (2008)

Ot 4aAFTASR WSESNDA&ASAQ Fa LN OGA&aAy3I LINROSRG

involved students applying procedurdsarned in one context to solve problems
involving a different context. The majority of tasks in all textbooks analysed were of low
procedural complexity. For fractions, the percentage of tasks of low procedural
complexity ranged from 56% to 83%, for etjoas there was a similar range from 58%

to 83% for equations. It was much higher for geometry, with the proportion of tasks of
low procedural complexity ranging from 73% to 96%. They found that there was a broad
similarity between the textbook tasks anagd and the lessons presented in the TIMSS
Video Study. However, their findings point towards there being too much emphasis on
repetitive tasks of low procedural complexity and they call for students to be exposed to

the full range of task types in textbks.

bASYET CNBSRYIYSX | gly3as 2Fy3as az2@SNI YR /A
reflections on their use of Standards based Connected Mathematics Programme (CMP)
textbooks and traditional textbooks to guide instruction &t grade in 14 U.S. iadle

schools. They report thagven when teachers make serious attempts to teach in ways
aligned with the Standards based curriculum, teachers often keep many practices
inconsistent with reformdue to the influence of tradition For the analysis, they

foordz @SR 2y €SIENYyAy3a 3F2Ffasx AyadNHzOGAz2y!l f
RAFFAOMzZ GAS& YR LISNOSLIIA2ya 2F addRRSyidaqQ
study found that the CMP textbooks provided more high cognitive level tasks to
implement than the traditional textbooks. Having observed 305 CMP lessons using a
corresponding textbook and 274 traditional lessons with a-@dP textbook, it was

found that many more of the former lessons were executed with a high level of
cognitive demandmeaning that it incorporated at least one instructional task classified

as procedures connected to meanings or doing mathematics. By comparing the
GSIFOKSNAQ AYGSYRSR tSIFENyaAy3a 3I32rta G2 GKS
observers, they found #it the percentage of standards based lessons that were actually
implemented while maintaining a high level cognitive demand for students was lower

than originally plannedNie et al. (2013 p. 707 suggest that while the textbook
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emphasis may shape instiimnal goals, this influence is affectdaly the realities of
implementation They also found that the CMP teachers were more likely to follow the
guidance of their textbooks when selecting instructional tasks for a lesson than their

non-CMP contemporaries.

HerbelEisenmann (2007) analysed a U.S. middle scHogt&de mathematics textbook

to see if it achieved the ideological goal of the intended curriculum to move the
authority away from the teacher and the textbook and to promote student reasoning
andjustification. It was found that there was a mismatch between the textbook and this
goal. Thompson and Senk (2014) explored the treatment of U.S. high school geometry
AY mH GSIOKSNARQ OflaaNeR2Ya dzaAiAy3da GKS, al YS
other than the textbook, such as the planned curriculum of the teacher, account for
differences in the enacted curriculum in terms of the material taught or skipped, the
nature in which the topic is taught, the tasks that are assigned to students for
homework, and the use of instructional technology applied in the classrdoam (2016)
examined the alignment of three selected U.S. high school textbooks series with the
Common Core State Standards for Mathematics (CCSSM) regarding the treatment of the
topic of statistical association. The textbook content was compared with the CCSSM
learning expectations (LES). All 22 CCSSM LEs were covered by two of the three series.
However 4 CCSSM LEs were addressed with only 1 task, while 6 CCSSM LEs were
addressed by 2asks in a particular textbook series. Seeley (2003) is cited as warning
that publishers, in order to maximize sales and profits, fill textbooks with content to
meet as many state requirements as possible with little consideration as to how topics

are treated.

Stylianides (2009) examined a popular American textbook series used in middle grades
(6 to 8) in terms of opportunities offered to students to engage in reaseaigproving

in the topic areas of algebra, geometry and number theory. He found rii@e than

half of the tasks analysed gave no opportunity for students to engage in reasamihg
proving. For the tasks that were classified as requiring reaseamdgproving, the
number that were designed to engage students in empirical arguments oecongs

was quite low, while there was a high proportion of such tasks encouraging students to
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use rationales (that is, use an argument which does not make explicit reference to key

accepted truths that it uses).

ZDM, the International Jouat on Mathemaics Education (Fan, Jones, Wang and Xu
2013), produced a special edition on the theme of textbook research in mathematics
education Fan, Zhu and Miao (2019. 63% > Ay (GKS SRAGAZ2YyQa fSIR
relevant research pertaining to mathematics teabks. They conducted a survey of the
literature published over the last six decades and classified the focus of this literature
using four different categories: 1) role of textbooks in teaching and learning, 2) textbook
analysis and comparison, 3) textdoase and 4) other areas. The survey found that the
majority (63%) of empirical studies on mathematics textbooks focussed on textbook
analysis and comparison. It highlights thtaere has been an imbalance in different
areas in relation to the developmemf research on mathematics textbookshey call

for the existence of textbooks to be viewed from a broader perspective instead of being
treated as an isolated identity, for more research about the relationship of the textbook
YR &aGdzRSY (& Qs tb Bel colpletgdiane fdzinre wosk to be completed

on issues related to the development and production of textbooks. Researchers are also
urged to use more advanced methodology in textbook research and to complete more

work in the area of electronic telboks.

2.6 Task Design
This section will look at some key texts on the design of tasks. Then in the next section,

more recent developments in relation to task design having a role in teacher
development will be discussed. Jones and Pepin (2016, p. 10inedekk design as
NEFSNNAY3I Wi2 YIFIGKSYIFIGAOFKE Glaija o6AyOf dRAY
tools) that are developed and designed in, or for, mathematics teaching, or in, or for,
mathematics teacher education. Hence, task design could iactigsigning tasks for

teaching specific mathematical topics to specific learners, designing tasks for textbooks
(including digital platforms and-leooks), designing learning sequences, and designing

tasks for the professional learning of mathematics tedd¢ie ® Q
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In recent times, there has been a repeated call for more work to be completed in
relation to task design. Brown (2009. 23 views the idea of teacher as designer as
useful because itbrings attention to the construitve interaction between agent
(teachers) and tools (curriculum materiatbpt ensues during the process of instruction
Schoenfeld (2009) noted that there was a need for increased communication between
educational designers and researchers. De Arang Singletary (2011p. 1207 mace

the observation thati KSNBX g1 a | f+F 01 2F (SSidiklNEQ
Geiger, Goos, Dole, Fasz and Bennison (2014 240 note thatthere is a potential for
improving teaching and learning practices through partnerships between tescret
researchers. This can occur where principles of task design are explored, refined and
documented. Also this process should be accompanied by an examination of how to
effectively integrate tasks with pedagogical approacha&stson and Ohtani (2015p.

11) comment that although task design and teachimg often viewed as separate
activities conducted by separate groups, the communities involved in task design are
diverse in composition and naturally overlap.

There is substantial research providingslisf design principles for mathematical tasks
(e.g. Ahmed (1987), Hamilton, Lesh, Lester and Brilleslyper (2008) and Foster (2015)).
Foster (2015), as an example of such lists, advises that tasks should be 1) enticing, 2)
accessible yet challenginand 3)naturally extendable.Swan (2008) working with
teachers developed five task types that encourage concept formation. It should be
noted that the tasks to which he refers are intended as classroom activities rather than
for completion as homework. He enwss students working collaboratively to solve
tasks and verbalise their thinking. The five task types are classifying mathematical
objects, interpreting multiple representations, evaluating mathematical statements,
creating problems and analysing reasoniaigd solutions. The mathematical objects
referred to can range from shapes to quadratic equations. By classifying mathematical
objects, Swan suggests that students learn to distinguish and identify the properties of
these objects. Swan asserts that thesgpds of tasks assist students to develop
mathematical language and retain definitions. He suggests that by encountering
different representations of the same mathematical idea, students can draw links
between representations and develop new mental images toncepts. When

evaluating mathematical statements, students are encouraged to develop mathematical
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arguments, justify their viewpoint and devise relevant examples and counterexamples to
defend their reasoning. In his view, requiring students to creatbiems reveals the
processes behind mathematics rather than just focussing on solving exercises. Swan
believes that the analysis of reasoning and solutions encourages students to recognise
that there are several ways to approach and solve a mathematioblgm. Swan (2005

p. 27) also calls for students to be askedctnvince, explain and prowehen engaged in

mathematical activity.

In their book, Mason and JohnstMilder (2004, p109) provide a list of words they

believe denote processes and actiotis|at mathematicians employ when they are
G2N)JAY3I 6AGK YIGKSYFGAOLE LINRPofSYay &GSESYLIX
correcting, comparing, sorting, organizing, changing, varying, reversing, altering,
generalizing, conjecturing, explaining, usSE @ Ay 3> G@SNRAFe@AyYy3II O2yY TAY (
suggested that the use of these words would enable students to gain a richer experience

of the aspects of mathematical thinking. For designing tasks, language is important and

it iIs important to encourage stients to verbalise their mathematical thinking using

GSNX¥a tA1S wWadzaldATeQs WS Ednif JohnstoAVildeNR0GIT S NA F & Qc
p.&0 NBO2YYSYR (KS dzasS 27F | WYAESR S02y2YeéQ

type has proved to be univsally successful in developing mathematical thinking.

Swan and Burkhardt (2012) have suggested principles for mathematical task design
suitable for use as assessment. They suggest that tasks should reflect the curriculum in a
balanced way, meaning thattuglents would ideally be given the opportunity to
encounter all types of performance that the curriculum goals espouse. It is also
NEO2YYSYRSR GKIGO Glajla KFE@S WFLFOS gl tARAGRQ
view them as problems which are worthy solving due to being interesting or having a
potential use. They also believe that tasks should be accessible yet challenging, thus
enabling students of all different abilities to be able to demonstrate what they can do.
Their principles call for reasomg to be rewarded rather than results, in other words that
students should be encouraged to engage in a process of reasoning when considering
how to solve a task. Designers are also advised to use authentic contexts, encouraging

students to make connectits within mathematics and other subjects. Interacting with
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such contexts ensures that students would better understand life and the world around
them as a result. They also believe that students should be encouraged to select and
choose their own methods ih tasks that provide opportunities for making decisions.
Finally they recommend that tasks should be transparent in their demands, so that

students are clear as to what kind of response is expected and valued.

Watson and Thompson (2015) focus on dessgues related to written tasks, typically
found in textbooks. Three interrelated aspects are considered: 1) nature and structure of
tasks, 2) pedagogic purpose of their design and 3) intended mathematical activity as
embedded in tasks. In textbooks, thepic sequence is suggested by the authors and
consideration must be given to necessary prerequisites and how tasks might build on
each other. Watson and Thompson (205 150Q point out thattext-based tasks rarely
supportlearners to develop the skillfseltchecking through the use of mathematics to
verify solutions.Very often the textbook authors retain the mathematical authority by
providing an answer booRWVatson and Thompson suggest that beating tasks that
encourage learners to setheck or mcorporate multiple approachesstudents are
facilitatedto gain some mathematical authorityhey also recommend thaasks should

lend themselves to conjecture and exploration so that the student can establish
relationships and connections and engage tie dynamic world of mathematics.
Watson and Thompson believe thaégagogic purpose can influence how a designer
creates a sequence of tasks. However, the designer must concentrate on introducing
learners to new ideas and be aware of how tasks can coawegw of what is valued in
mathematics. In relation to intended mathematical activity, Watson and Thompson
(2015, p. 170%all on designers to create tasich allow for the key idea to be varied
and learners are able to see this along with the effadtsuch variatiorin subsequent
activity. They also observe that tasks can introduce teachers and learners to new ways of

engaging with mathematics even if such opportunities are not availed of.

Sullivan, Clarkand Clarke (2013p. 135 foundthataté OKSNR& OK2A OS | yR
FNE @SNE AYLRNIIFYd F2NJI STFFSOUGABS YIFOGKSYIl (A
influence its potential for learning.They identified a number of key characteristics of

tasks that should be incorporated in the desigf tasks. In their view, students should

43



be engaged in fostering meanimgaking and establishing connections to other aspects

of mathematics, when solving tasks. They recommend that tasks are challenging for
most of the class, with the pathway to the gtibn not being clear to the students. Tasks
should require students to think, make decisions and communicate. Additionally the
authors recommend that contexts or situations should be relevant to the students so
that the tasks are seen as potentially udetur connected to their lives. If a task is

F LILINRPLINRFGStfé& RSAAIYSR Al oAff LINR Y23 S
mathematics while catching and maintaining their interest and it will optimize their

learning (Chapman, 2013 cited in Jonsson, Norghi§ekvistandLithner 2014.

2.7 Teacher Professional Development in the Creation and Use of Tasks
Task design has traditionally been viewed as curriculum developers creating

mathematical tasks that ultimately get implemented by teachers as part ofr the
classroom instruction (Jones and Pepi®l@ p. 10§. Pepin, Gueudet and Trouche
(2013 p. 939 suggest that there may be several processes at work when teachers
interact with curriculum resources such as tasks, these can be summarised as adoption,

geresis and transformation. They state thtite potential integration/inclusion into a

0SFOKSNRE Wy2NXIFfQ LN OGAOS Aa |y SaaSyidaalft
piece of software.¢ KA 4 @OASg 2F Yy AYRAGARdzZ f andSI OKS NI,
2'.

Cohen (1996p. 6, they outlined KI & G S OKSNBRQ dzy RSNARUGIF yYRAY 3
beliefs as to what is important, and their thoughts about students and the role of the
teacher all influence and shape their practic8ilver, Ghousseini, Charlambous and

Mills (2009) suggest that a given text resource portrays mathematics in a particular way,
which in turn can be rejected by a teacher if this does not correspond to his/her own
views. However, Remillard, Herdeisenmann and Lloyd (2011) bebethat features of

the curriculum resources can contribute to teacher development, and this in turn can
ONAY 3 +to2dzi Iy S@2tdziazy Ay (GKS GSIF OKSNDa

promote teacher learning. Davis and Krajcik (20059 suggst that taskshave the

ad

N>

LRR2GSYGaAlrtf G2 LINRY2GS | GSIFOKSNXD&a LISREFI23IAO0I

personal or curricular resources in order to adapt the curriculum so as to achieve

productive instructional results.
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Mathematical tasks have alé®en used as a focus of teacher professional development.
Sullivan and Mousley (2001) have made the case that there should be more focus on
supporting teachers in gaining an understanding of the complexity surrounding decision
making about classroom taskSlarke, Grevholm and Millman (2009) took up the cause

in relation to primary mathematics teacher education, while Zaslavsky and Sullivan
(2011) have taken a similar approach with ppsmary teacher education. Arbaugh and
Brown (2005) believed that claggsng exercises in terms of their cognitive demand
would enable teachers to examine their own practice. It was found that teachers
amended their classifications of tasks over time to better reflect levels of cognitive
demand. Stein, Smith, Henningsen aBiver(2009) prepared a case book for use in
professional development that included a number of exemplary tasks, criteria for
analyzing task properties, and several protocols to facilitate the discussion of tasks
among teachers. Further work completeding such an approach (Boston and Smith
HAandpT . 2aG2y HnanmMoO KlFa ARSYGAFTASR OKIy3Sa
professional development in relation to classifying tasks in terms of their level of
cognitive demand. It also found that some tkers sustained such choice after a period

of time had elapsed (Boston and Smith 2011).

Swan (2007) designed professional development which put emphasis on a nhumber of
task types that allowed participating peptimary mathematics teachers to examine
their beliefs in relation to teaching. In several cases, it facilitated a transition towards a
more studentcentred approach to teaching. It also encouraged some teachers to
establish more connections between mathematical concepts when teaching the subject.
These studies demonstrate the transformative nature of tasks when used in a

professional development situation.

Askew and Canty (2013) examined how primary school teachers, in collaboration with a

task designer, worked with, and developed, classroom tasksstarting points for
LINEY2UAY3 a0GdzRSy(daQ NBFA2YyAYy3 AYy YIFOGKSYlFGA
a framework for working on, and with these tasks, and the treatment of this work as a

22Ay U0 @GSYyiGdz2NBI LINRPY23GSR (S !HsO KoStéidd QyreatdNE T S a &

collegiality and stronger ties amongst the staff within a school. Knott, Olson, Adams and
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Ely (2013) examined the characteristics of task design to which teachers needed to give
attention when adjusting or modifying their existingdess in order to engage students

in learning new forms of generalisation and justification. It was found that once teachers

were supported appropriately, in the context of professional development, the teachers

could then independently create rich tasksialn facilitated students gaining confidence

in the areas of justifying and generalising. Even and Olsher (2014) studied teachers as
participants in textbook task development and they found that teachers had divergent

views on the preparation of a textbooklost teachers that they worked with would

happily take on the role of writing a textbook, mainly informed by the knowledge that

they had built up from their own teaching experience. In contrast, they found that some

of the teachers were cautious and unctortable with making changes to a textbook

written by expert curriculum developers due to deference to the expertise of the

textbook authors. Coles and Brown (2016), working in a teagchsearcher partnership,
recommended particular design principles bRse N2 dzy R Wi KS YIF{Ay3a 27
accompanied by an explicit language of mathematical thinking in task design. Their aim

gra G2 OoONARIS GKS LISNmEAAGSYGd 3AFL) GKFEG SEA&G:
activity. Johnson, SeverancBenuel and laxy (2016 p. 169 pointed out thatwhen

teachers engage in task analysis, it becomes appateaitdesigners and participating
teachershave different goals in terms of professional developmérirough working

together on mathematical tasks, teachers amdearchers participated as stakeholders

in a cadesign process. They noted that tensions were evident due to a lack of design
consensus and such tensions affected participation and learimngarticular, Johnson

et al. (2016 p. 183 highlight that theNB I t A& 2F | GSIF OKSNRAa Ayad
make the implementation of tasks difficult. In order to understand tasks in the
institutional context,an approach that goes beyond simple delivery of professional
development from researchers to teacheis necessaryHowever, they viewed these

tensions as healthy and recommended that the successful confrontation of design

tensions as part of a collaborative design process could yield new task adaptation and
implementation practices that could prove to bmustainable across an educational

system.
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Chapter 3 Theoretical Frameworks

3.1 Introduction

This chapter will outline the theoretical frameworks that are employed in this study. |

will begin by establishing the importance of mathematical tasks withirrucsbn by

looking at Herbstand KI T I y Q& oO6HAMHU SEGUSiHngla @ghenzeF (1 KS
al, 2003), based on the concepts of didactical contract and milieu (Brousseau, 1997)
which are used to describe the relationship between teachers, studamisknowledge

at stake through instruction. It is this theoretical framework that motivates my overall

study of mathematical tasks at second level in Ireland. Five frameworks used in this PhD
aldzReQa Fylfteara 27F O &1 aoutingdin thiskciaptdITiedzo Of
Levels of Cognitive Demarfds described in Smith arstein, 1998) and mathematical
reasoning (Lithner, 2008) frameworks are described first. The Project Maths syllabus
problemsolving objectives are then described to givensoinsight into the goals of the

syllabus, followed by an outline of how these objectives were adapted for use as a
FNFYYSE2N] F2N) GKS lylfeara 2F Glajaoe 'y |
model of mathematical understanding is also providetterAexamining the criteria for

each of these four frameworks, the kind of insight that each framework offers to the
researcher is discussed. Consideration is given to the similarities and differences
0SUBSSY (KSaS TNIYSH2N] adtaskskiS be \giSed Rpecial? NJ i K
consideration becomes apparent and thus a framework to classify the novelty of tasks

has been designed.

3.2 The Instructional Triangle
Herbst and Chazan (2012, p.601) argue that by looking at the nature of instruction, it is

possible to justify actions that are taken in mathematics teaching. Cohen et al. (2003, p.
MHHUO RSAONAROGS AyadaNHzOGA2Y |a GKS WAYGSNXO
O2y Syl AYy SYy@GANRBYYSYylaQd ¢KA&A RSTFAPUGAZ2Y
how resources are used rather than identifying whether resources are present or not.
Predating this definition, according to Herbst and Chazan (2012, p.601), instruction was
traditionally conceptualised as the set of resources that could be found in the
environment where learning was intended to take place, such resources could include

features like student characteristics, teacher quality or materials used in the classroom.
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The presence or lack of these resources could then be used to account for raewpd
RAFFSNBYOSa Ay {fSIENYyAyad | 002YLIyeAy3d [ 2KSy
diagram, shown belowin Figure 3.1, that has become popularly known as the
WAYaUuNUIzOGA2yFE GNARLFYy3IESQo

environprents
teachers

students @—p content

=X

students

Figure 3.1 Instructional triangle from Cohen et al. (2003, p . 124)

As can be seen from the diagram, teachers, stisleand mathematical content are
situated at the three vertices of this instructional triangle. However, they are also

influenced by and interacting with the environments in which they are immersed.

The instructional triangle can be situated within a distinct tradition of mathematics

education. Herbstand / KT 'y oO6HnAnmMHI L} cnH0 RS&EONROGS
al GKSYFGAljdzZSaQ Aa | CNBYOK GKS2NE 2F Yl OKSYI
the study d the dissemination of mathematical knowledge, with a particular emphasis

on the study of teaching. The term also encompasses the study of the transformations

produced on mathematical knowledge by those learning it in an institutional setting.
Brousseau (@97) put forward a theory of didactical situations, which studies the

complexity inherent in any situation involving the interaction of teacher, student and
O2yiSyliod ¢KA&a A& Ay STFFSOG + GKNBS gl e& a0OK!
relationshipsthat emerge in the interaction between learners, mathematical knowledge

to be learned and the milielsriraman andnglish (2010, p. 22) describe these milieu as
GeLIAOKtEfte AyOfdRAY3I W2G0KSNJ €t SINYSNERZ GKS 02
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asLINA 2 NJ O2y OSLJidzl € YI OKAYSNE LINBaSyid Ay GKS
Brousseau (1999), asted in Sriraman ané&nglish (2010, p. 23), described his theory as
I WwYStya y20 2yteé 2F dzyRSNEUOFIYRAY IsodKI G &S
producing problems or exercises adapted to knowledge and to students, and finally a
YSIya 2F O2YYdzyAOF A2y 0SGsSSy NBASIHNOKSNA

Tasks have a special role within this theoretical model. The didactical contract, as
described by Braeau (1997, p.32) and cited in Herlasid Chazan (2012, p. 602), views

GKS (GSIFOKSNJ d ONBFGAYy3d WadzFFAOASY(H O2yRAC
this appropriation must be recognised when it occurs. The student is meant to satisfy

these conditons and learn the intended material. Successful instruction is thought to

occur when all aspects of the contract work together. For Hedogt Chazan (2012),

tasks are viewed as the means by which student interact and work with mathematical
content. TheyRSFAYS  YIFGKSYIFGAOFE dFal wra GdKS S,
FYR | 3FAyad I 60Y)AThel rGildzQin thisi comeeptialidadion includes the

goal that students are working toward and the resources (including tasks) with which
studentsare operating. They add that as students work on mathematical tasks, the role

2F GKS GSIFOKSNJ AyOfdzRSa adzLIRNIAY3I GKIG 62
SELISOGSRand/OKIISINDBYa i HAMHE LI cantoud ¢S OKSNEQ
judged according to the norms of the task. They provide the example of a calculator to
illustrate this point. If a task requires the students to use a calculator then it may be
necessary for the teacher to ensure that the calculator has batteries and the keypad
functional. In this sense, the teacher performs actions to support the function of the

milieu. Such actions can then be justified or critiqued based on the norms of a task.
Herbst and Chazan (2012) modify the instructional triangle to demonstrate how a
YFGKSYFGAOFE GlFral FyYyR AdG&a y2N¥Ya Ylé 2daAadArT

The instructional triangle shows the importance attached to tasks in the form of
mathematical work that must be completed by students. Herbst and Chazan further
developed the conceptwhengod A RSNA Yy 3 (KS SEOKIy3IS 06SiG6SS
work and the knowledge at stake and how this exchange is managed. They suggest that
0§SFOKSNABR Ydzad y2d4 2yftée adadliAy &aiddzRSyidaQ
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mathematical task that students will wordn. This also includes observing the work,

gathering evidence that students have studied and ultimately learned a specific item of

1y26ft SRAIS® ¢KS y2N¥a 2F Ly AyaidNdHzOGA2y | f a
preference for one action over another. Anaaxple of such norms would be when a

teacher encourages &  dzR ®fbidsbd inserting an extra step into the solution

method when solving an equation, yet cautions against oversimplificaiayure 3.2

represents this kind of intervention by introducinfpe norms of an instructional

situation into the existing instructional triangle model.

norms of the task
T justify

T
supports . .
norms of the situation

Y il justify

milieu
(incl. assesses .
resources, equivalence anctions
goal) a priori exchange
x a posteriori
\ > Knowledge
/————"3"’ at stake
\ task instructional situation

Figure 3.2 Elaboration of the instructional triangle (Herbz and Chazan, 2012, pg. 609)

This theoretical framework brings particular attention to new instructiosifliations,

GKFd FNB RS@St2LISR UGUKNRdAzZAK (GSIFOKSNJ FyR addzR
breaches that a novel task creates in an existing instructional situation. One of the main
NBO2YYSYRIGA2Yya 2F | SNbald | yRnaltriatgieisthara St | 6 2
attempts to improve instruction could be operationalised in terms of engaging students

in novel tasks. For them, a novel task is a means for encountering new ideas and
operating with them within the milieu. They suggest that novekswould both build

W2y SEAAGAY3I AyaiaNdzOGAzylt &AaddzZ GA2ya | yR 6
The novelty of tasks is an important consideration in this study and a framework |

developed for the identification of novelty will be describecelain this chapter.
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Ellis, Hanson, Nuneand Rasmussen (2015), influenced by the adapted instructional
triangle of Herbst and Chazan, studied universities with calculus programmes perceived
to be successful and considered the role of homework systems irwithese
programmes. They compared these programmes with other universities outside of their
study in an effort to identify differences in their homework systems. They situated the
system of giving and completing homework within the broader context of the
instructional environment. This enabled them to consider how relationships between
students, the calculus course instructor, and the mathematical content interact with the
homework system, and how all of these interactions are governed by the didactical

contract between the instructor and students.

Their findings indicated that homework and group projects were assigned more
frequently in the universities that they selected compared to those that were not chosen
for the study. Also their study suggestedattonline homework systems were availed of
more commonly in the selected institutions, such homework was graded more
frequently and returned with feedback from instructors thus creating more interaction
between teacher and students and allowing for instro outside the classroom, and

the content assigned tended to focus on material that involved more novel, cognitively
demanding tasks. Ellis et al. (2015, pg. 285) suggested that allowing students to attempt
homework tasks multiple times, helped studeritsgain confidence as it demonstrated
that they could persist and eventually find the correct solution. Students were able to
experience heightened success through the completion of homework, something that
might not have been possible within the classrodoe to time constraints. Instructors

also valued homework because it not only gave further opportunities for engagement
with mathematical concepts and applications, but it also allowed students opportunities
to explain their thinking when solving taskdlieet al. point out that at seconlgvel in

the United States, the majority of the interactions between student, teacher, and
content occur within the classroom. However they suggest that at university, many of
these interactions take place outside of3h f SOG dzZNE KI f f & W¢ Kdza =
plays a heightened role in undergraduate mathematics because it acts as the milieu for
0KS&aS AYGSNIOQlA2ya G2 200dz2NJ 62GK AYyaaRSs
p.286).
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In the context of my PhD dfly, it is assumed that Irish second level teachers generally
guide students through the development of knowledge with tasks mainly completed in
class but some are also assigned for homework. Given the findings of Ellis et al. (2015)
above, tasks are worthgf analysis because they are an important part of the milieu of
mathematics instruction that takes place both inside and outside the classroom.
However unlike Ellis et al., the analysis here will focus on the nature of mathematical

tasks as opposed to hotliey are used or assigned by teachers.

Taking the instructional triangle adapted by Herbst and Chazan (2012) as a conceptual
framework, this study is concerned with the importance of mathematical tasks and their
role in supporting the construction of kwledge. At this level, tasks are used by
teachers to provide students with opportunities to develop understanding and/or skills
and the responsibility for the construction of knowledge mainly rests with the teacher.
The relationships that exist betweendltasks, the teacher and the knowledge at stake
all function within the larger environment of the school. Teachers use the tasks to plan
class activity and set homework. It is the teacher who decides what aspects of content
to emphasise through the taskssigned and what content will be covered. Studying the
nature of mathematical tasks readily available at second level in Ireland is important
because it gives some insight into how students are expected to construct their
knowledge and the interactions thanight take place between the teacher, the student

and the content.

3.3 Description of F rameworks

3.3.1 Levels of Cognitive Demand
It has been argued that it is important to examine the cognitive demand required by

tasks because of their influenceonstig’ G £ SF Ny Ay 3 Fa Ad RSGSN¥AY.
GKAY]l Fo62dzizs RS@OSt21L) dzasS IyR Yl laBd aSyas
Henningsen, 1996, p. 459). The framework used by Stein et al. describes four levels of
cognitive demand for tasks: lower level dendanof YhemorizatiorQand Procedures

without connection to meanin@ and higher level demands Jfrocedures with

connection to meaningr YR WR2AYy 3 YIFIGKSYIFGA0aQd | RSaONJ
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framework has been taken from Smith and Stein (1998) araliikned in Figures 3.3
and3.4. These descriptions were carefully adhered to when looking at the tasks selected

from each textbook.

3.3.1.1Lower-level demands
Tasks of lowetevel cognitive demand can fall into one of two categories; those of

hemorizaionQand Procedures without connection to meani@gTasks involving
themorizatiorQrequire the reproduction of previously learned facts or definitions or
committing rules and formulae to memory. They cannot be solved using procedures
either because a piedure does not exist or because the timeframe is too short in order
to employ one. Such tasks involve the exact reproduction of previously seen material
and there is often a clear unambiguous direct statement as to what should be
reproduced. A distincte feature of this category is that there is no connection to the
concepts or meaning that underlies the facts, rules or definitions reproduced in

response to that task.

53



T

T

Levels of Demands

Lowerlevel demands (memorization)

Involve either reproducing previously learned facts, rules, formulas, or definit
or committing facts, rules, formulas or definitions to memory.

Cannot be solved usinggredures because a procedure does not exist or
because the time frame in which the task is being completed is too short to u
procedure.

Are not ambiguous. Such tasks involve the exact reproduction of previously 1
material, and what is to be reproded is clearly and directly stated.

Have no connections to the concepts or meaning that underlie the facts, rule
formulas, or definitions being learned or reproduced.

Lowerlevel demands (procedures without connections to meaning)

Are algorithmic. Use dhe procedure either is specifically called for or is evide
from prior instruction, experience or placement of the task.

Require limited cognitive demand for successful completion. Little ambiguity
exists about what needs to be done and how to do it.

Have no connection to the concepts or meaning that underlies the procedure
being used.

Are focused on producing correct answers instead of developing mathematig
understanding.

Require no explanations or explanations that focus solely on describing the
procedure that was used.

Figure 3.3 Lower -level cognitive demand (Smith and Stein, 1998, p.348)
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T

T

Higherlevel demands (Procedures with connections to meaning)

Higherlevel demands (Doing Mathematics)

C20dza addzRSyiiaQ lGiGSyildAaz2y 2y GKS dz
deeper levels of understanding of mathematical concepts and ideas.

Suggest explicitly amplicitly pathways to follow that are broad general
procedures that have close connections to underlying conceptual ideas as opp
to narrow algorithms that are opaque with respect to underlying concepts.

Usually are represented in multiple ways, sastvisual diagrams, manipulatives,
symbols and problem situations. Making connections among multiple
representations helps develop meaning.

Require some degree of cognitive effort. Although general procedures may be
followed, they cannot be followed mindisly. Students need to engage with

conceptual ideas that underlie the procedures to complete the task successfully
and develop understanding.

Require complex and nonalgorithmic thinkigg predictable, weltehearsed
approach or pathway is not explicitly suggested by the task, task instruction, or
worked-out example.

Require students to explore and understand the nature of mathematical concej
processes or relationships.

Demand selnonitoring or seregulatioy 2 ¥ 2y SQa 2¢y 0213

Require students to access relevant knowledge and experience and make
appropriate use of them in working through the task.

Require students to analyse the task and actively examine task constraints tha
limit possibé solution strategies and solutions.

Require considerable cognitive effort and may involve some level of anxiety for|
student because of the unpredictable nature of the solution procesglired.

Figure 3.4 Higher -level cognitive demand (Smith and Stein, 1998, p.348)
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¢tKS aS0O2yR OFGS3I2NE WLINRPBOSRdAzNBa ¢A (K2 dzi
of a particular procedure or such use is evident from prior experience or the phrasing of
the task. There iBmited cognitive demand required and little ambiguity surrounds what

the task entails and how it should be completed. There is no connection to the
mathematical concepts involved and the meaning underlying a procedure is not drawn
out. Such procedural t&s are more focused on producing correct answers than on

developing mathematical understanding. Explanations, if asked for, focus only on the

procedure being used and not the thinking behind it.

3.3.1.2Higher -level demands
Higherlevel demands are alsoivided into two different areas;#rocedures with

connections to meanir@and WYoing mathematicQ Again the focus is on the level of
cognitive engagement that the task demands. Such tasks cannot be completed without a
degree of cognitive effort, and thenderlying conceptual ideas must be engaged with. A
task described by the framework as involving procedures with connections to meaning
GSYyRa (2 F20dza GKS dzaSNRERQ [FGdSylAiazy 2y
deeper understanding of mathematicabncepts. Multiple representations could be
required, including the use of visual diagrams, manipulatives, symbols and situations
involving the solving of problems. The development of meaning is or may be made
possible by making connections between sevesglresentations of the same concept.
Boing mathematicGs the most demanding of the levels identified in this framework. A
task requires the doing of mathematics when complex thinking is required. A predictable
well-rehearsed approach is not suggesteg the task; rather the exploration and
understanding of mathematical concepts are encouraged. The solution process can be
unpredictable and very often requires further analysis of the task and its constraints.

Such constraints could limit the possible apgaeches to finding a solution.

3.3.2 Creative and Imitative Mathematical R easoning
Lithner (2008) characterises key aspects of reasoning. His work provides a dichotomy

between what is termed as imitative reasoning and creative reasoamgutlined in
Figue 3.5. Creative reasoning must fulfil some of the following requirementamely
novelty, flexibility, plausibility and being fixed in appropriate mathematical foundations.

Imitative reasoning instead relies on using welhearsed methods or the memorisan
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of procedures. This type of reasoning is further broken down into three subcategories:
familiar memorized or algorithmic reasoning, delimiting algorithmic reasoning, and

guided algorithmic reasoning.

Imitative Reasoning
None of i-1v required
Creati\-'.e . I 7
Rea5011111g (CR)| | Memorised Algorithmic
i) Novel Reasoning (MR)| |Reasoning (AR)
i) Flexible Recall an answer Recall a solution procedure
iii) Plausible 1 —— 3 ¥
iv) Mathematical Familiar Delimiting AR ||Guided AR
foundation AR/MR Algorithm has AR guided by
Task is seen | |surface connection | |external source,
as familiar ||to task text or person

Figure 3.5 An overview of reasoning types (Lithn er, 2006, p.5)

3.3.2.1 Creative Reasoning
For a task to be deemed to require creative reasoning for its successful completion, it

should display at least one of these four criteria: novel, flexible, plausible and
mathematical foundation. It can be seen tha&reative reasoning shares certain
similarities with the highef S@Sf RSYlFIyR&a 2F (KS [/ 5 FTN}YSg
when a task is novel, it requires complex thinking in order to come up with an approach

or suitable method to find a solution. AeRible approach is required when unexpected
constraints are encountered or different approaches to its solution must be
incorporated. Reasoning is plausible when it is supported by arguments in favour of a
particular solution strategy choice and the corsitins drawn from the solution of a task

FNE o6FaSR 2y YIOUKSYFGAOFKE F2dzyRFdA2yd® ¢KS

connection being made to the concepts or ideas underlying a task.

3.3.2.2Imitative Reasoning
If a task does not require any ofdHour criteria for creative reasoning, then it is said to

necessitate the use of imitative reasoning. The framework provides further
classifications for imitative reasoning. The first of these categories is named memorised
reasoning, where the task reqges the recollection of an answer. The second category is
termed algorithmic reasoning and these two categories have a common subcategory
known as familiar memorised reasoning/familiar algorithmic reasoning. When the task is

seen as familiar, there is li@lthought put into how to attempt to find the solution, a
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well-rehearsed procedure or algorithm is evident for familiar algorithmic reasoning
while a common answer or fact that has been committed to memory is given for familiar
memorised reasoning. Algohinic reasoning has two further subcategories, namely
delimiting algorithmic reasoning and guided algorithmic reasoning. Delimiting
algorithmic reasoning is used when an algorithm has a surface connection to the task
and is used once the required link igaddished. Guided algorithmic reasoning is used if
the task has an approach guided by a particular source. For example there is a hint
provided on how to approach the task or the first line of the solution has been provided.
Thus, this framework allows tles to be categorised in terms of the type of reasoning

that is required when seeking a solution.

3.3.3 Project Maths Syllabus Objectives
The National Council for Curriculum and Assessment has set out seven overarching

objectives for students of Leaving Gkcate mathematics (NCCA, 2012, p.Fgure3.6

lists these and it identifies what learners are meant to ettaving studied the syllabus.

Project Maths Syllabus Objectives
O. 1 The ability to rll relevant mathematical facts.

hdouw LyadNHzySyidlrf dzyRSNBROGFYRAY3I 647\
skills (skills of physical coordination).

hoo wStl A2yt dzyRSNRGFYRAYI 6671V 24

0.4 The ability to apply their mathematical knowledge antissta solve problems
in familiar and unfamiliar contexts.

0.5 Analytical and creative powers in mathematics.
0.6 An appreciation of mathematics and its uses.

0.7 A positive disposition towards mathematics.

Figure 3.6 List of Project Maths learning objectives in the Leaving Certificate syllabus

Given the aspirational nature of these learning objectives, it is difficult to quantify a

response to these objectives or use them as a framework. However, the geveid of
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synthesis and problersolving skills is outlined in every content strand of the syl&
through the listshown inFigure3.7 below (NCCA, 2012, p. 20). This lends itself more

easily to the classification of mathematical tasks.

1) Explore patterns and formulate conjectures.

2) Explain findings.

3) Justify conclusions.

4) Communicate mathematics verlhaand in written form.

5) Apply their knowledge and skills to solve problems in familiar and unfan
contexts.

6) Analyse information presented verbally and translate it into mathematical for

7) Devise, select and use appropriate mathematical models, forenatdechniques

to process information and to draw relevant conclusions.

Figure 3.7 List of synthesis and problem -solving objectives in the Leaving Certificate
syllabus.

Information presented by textbook tasks is generally encountered using the written

form and so the sth objective shown iffigure3.7A & Y2 RAFASR o0& OKI y3IA
WAY SGNARGGSY F2N¥YQ 0STF2NB dzaAy3a AlG F2NI Of | ¢
possible, it is also necessary to break some of the other objectives doxiimer,

especially those which cover multiple situations. In particular with reference to contexts,

it is more useful to make the division between familiar and unfamiliar as it allows one to

see if students are working with familiar or unfamiliar mateaald/or settings rather

than just identifying that the task is set in a context.

One of the goals of the revised curriculum was to introduce more unfamiliar contexts
into the teaching and learning of mathematics. An important separation also has to be
made between the very different actions of devise, select and use. Again, this would give
more insight into the composition of a set of tasks rather than just working with one

general heading. An amended s#tobjectives is outling in Figure3.8.
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Using tle amended list allows one to classify what kind of learning opportunities are
offered to the student when completing tasks. It is possible for a task to meet more than
one of these objectives and completing analysis using the amended list gives a clear
picture of whether tasks are meeting the Project Maths curricular goals in relation to

synthesis and problenrsolving.

Original List Amended List

1) Explore patterns and formulat 1) Explore patterns and formulat
conjectures. conjectures.

2) Explain findings. 2) Expéin findings.

3) Justify conclusions 3) Justify conclusions.

4) Communicate mathematic 4) Communicate  mathematics |
verbally and in written form. written form.

5) Apply their knowledge and skills | 5) Apply knowledgeand skills to solve
solve problems in familiar an problems in familiar contexts.
unfamiliar contexts. 6) Apply knowledge and skills to sol

problems in unfamiliar contexts

6) Analyse information presente|
verbally and translate it intc
mathematical form.

7) Analyse information and translate
into mathemaical form

7) Devse, select and use appropria] 8) Devise appropriate mathematic

mathematical models, formulae ¢ models, formulae or techniques f{
techniques to process information and | process information and to dra
draw relevant conclusions. relevant conclusions

9) Select appropriate mathematic:
models, formulae or techniques f{
process information and to dra
relevant conclusions

10)Use appropriate  mathematicg
models, formulae or techniques f{
process information and to dra
relevant conclu®ns

Figure 3.8: Original/Amended list of Project Maths problem -solving syllabus
Objectives

3.3.4 Multidimensional Model of Mathematical U nderstanding
Usiskin (2012) deals with the understanding of a concept in mathematics from the

standpoint of the leamer. Five dimensions of this understanding are outlined in his
framework: the SkiltAlgorithm dimension, the PropertyProof dimension, the Use

Application (modelling) dimension, thdRepresentatioAiVletaphor dimension, and the
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History-Culturedimension. Thes dimensions are not presented in a hierarchy and one

aspect is not meant to precede another.

The first dimensiorskiltAlgorithmlooks at the algorithms that are required in learning a
concept and the choice of a particular algorithm because it is miiilgient than other

algorithms known. This dimension acknowledges that there is more to procedural

dzy RSNAR UGl YRAY3I (GKIFyYy 2dzad | LIIX @Ay3a Fy Ff32NR
procedures is not so lowdr S@St |G Ff €t Q 0 &kl ardprgcEduraln MH
understanding are often thought of as lower order forms of thinking, this framework
recognises the deeper level of understanding required to choose a particular algorithm
when many are known, due to it being more efficient than othdProperty-Proof
understanding identifies the mathematical properties that underlie a concept. This
aspect of learning looks beyond arbitrary rules and considers the mathematical theory
behind them. ThdJseApplicationunderstanding focuses on how a coptean be used

in some way or its applications. ThepresentatioAiMetaphor dimension encourages

the representation of a concept in some way. Finadigtory-Culture understanding

concerns itself with the how and why of the development of a mathematicatept

over time. TheHistory-Culturedimension is an aspect that is identified as necessary for

GKS WNBIFf GNUz2SQ dzy RSNERUOFYRAY3IAD ¢KS LINBYAAS
mathematics or crossultural mathematics obtain an understanding of mathegmal

concepts that is different from the other dimensions.

3.4 Existing Frameworks:
It is useful to consider each individual framework and the kind of information that it

provides to the researcher. A better understanding of the information gatheredutjino

the frameworks gives an insight into the results that are produced. It should be noted
GKFG | aA 3 jddyteeaProjace Rahs problersolving objectives were not
originally intended to be used as a classification scheme but were adapted for the
purposes of this PhD study. In contrast, the LCD and reasoning frameworks are
established frameworks which have been used elsewh&seoutlined in chapter 2, the

LCD framework has been used to analyse textbooks in the US (Jones and Tarr, 2007),
Turkey (Bayagz 2013 YR Y2 NBIl OYAYZ HamMnu® [AGKYSNDa
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confined mainly to Sweden, where Bergvist et al. (2008), Boesen et al. (2010) and
Sidenvall et al. (2015) have made use of it to analyse upper secondary school tasks or
their equivalen. Although Jader et al. (2015) conducted an analysis of tasks taken from
textbooks in 12 different countriesWhile there are many similarities between the
frameworks, they often approach ideas in different ways depending on the particular
focus or interst of the specific framework. The benefit of using several frameworks is
that the researcher gets a much richer account of the demands set and opportunities

provided by a particular task.

3.4.1 Level of Cognitive Demand
The LCD framework has two advantage terms of the information that it provides. It

shows the level of cognitive demand that an exercise has, and it encourages the
researcher to determine why an exercise is lower or higher level specifically. For
example a student could be using procedsiia any exercise but the framework allows
you to specify whether the procedure requires the student to actively engage in
mathematics or if the procedure employed is simply manipulating something to produce
an answer without a true meaning for the student

The aspects of tasks that justify their categorisation into lower or higher level are also
identified. For example, in order to settle on a classification it is necessary to determine
whether an explanation of thought processes in finding a solutieadgsired, if multiple
representations are employed or whether a task can be completed easily without great
effort or not. However, the LCD framework does not give enough insight into the
experience of the user when solving a task. It makes reference taqusy learned
facts and previous instruction or experience but is not explicit on how this should be
determined. It focuses on the structure of the task and what it demands of the user, and
thus allows the classification of tasks on their own meritsa ffask is looked at in
isolation, it can appear to be very demanding but if a user has completed several such
tasks previously, then the true level of cognitive demand must be diminished to some
degree and this is not taken into account in the frameworkné@asure of familiarity or
novelty is needed so as to determine the previous experiehet the user brings to a

task.
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3.4.2 Imitative/Creative Reasoning
2 KAES [AGKYSNIRDa NBIFaA2yAy3d FNIYSs2N] O2yaai

promotes, it does at take into account the experience that is brought to the task. While

it speaks about a task being novel, it does not provide much detail in terms of how a task

is categorised as such. Similar to the LCD framework, the use of the reasoning
framework in chssifying textbook tasks does not address the impact that other material

such as examples or previous exercises in a textbook can have on the classification in
GSNX¥a 2F GKS dzaSNDRa SELISNASYyOS yR K2¢ ((KS
task. Agaf = | YSI &dz2NB 2F y2@Stde 2N FIFYAEAFNRG

prior experience is taken into account.

3.4.3 Multidimensional Model of Mathematical Understanding
LI @Ay 3 ! AAA1AYyQa FNIYSE2N] O2yai@SiNBE GKS

simply the structure of the task. In practice it is more informative to use this framework
in terms of all tasks on a topic rather than a specific task. The framework can be very
narrow when looked at in terms of one task while more of an overvegepossible when

it is used in connection with a whole set of tasks. As each of the dimensions looks at a
different aspect of understanding, it is important to look at an entire set of tasks as a
single one does not give an accurate account of the kinchdetstanding that is being
created. The first two dimensions of the framework match well with categories of the
LCD and IR/CR frameworks. T3kltAlgorithm dimension ties in with the lwer-level
RSYFYR 2F WLINROSRdAzZNBa ¢ A iridsdaibadlpid ying Sithi A 2 v &
imitative reasoning. Th@ropertyProofdimension is most closely aligned to the higher
level demands of the LCD framework and brings the student to the mathematical
properties that underpin a task. It is useful to consider the d#ifé ways that a question

can be approached using procedures and algorithms and whether the user actually
requires or develops an understanding of the mathematics that underpins a topic.

I & A a1 A yii@eénsioaldtaméwork goes beyond the how and whyederstanding.

It is not limited to a consideration of instrumental and relational understanding. A
number of other dimensions are introduced to achieve this. TWseApplication
dimension involves identifying the use of concepts or the understanding that
accompanies knowing when to use or apply a particular concept. It is clear within the

framework that applications involve a different kind of thinking, not necessarily a higher
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order one. The use of such modelling is nhot something that is explicitly fidentn the

LCD or reasoning frameworks. The LCD framework makes reference to problem
situations but it is not clear if this refers to applications or +ealld contexts.

The other two dimensionskRepresentatioAiMetaphor and History-Culturg look at the

different ways that students gain understanding. Using this framework it is necessary to

consider whether the student makes a connection between existing representations and

using a different kind of representation or metaphor such as a graph or diagram and

whether he/she is given historical background or cultural reference for the material
O2OSNBRD® ! aralAyQda FNFYSE2N] Lizia GKS £ S NS
and also looks at more aspects than simply the divide of higher versus logeitice

demand.

TheHistory-Culturedimension is not identified in any way in either the LCD or creative

reasoning frameworks. However, it could be seen to contribute to one of the Project

al UKa 20SNI NOKAYy3a 2062SO0AOBSA péasiion iokedds RSPSTE 2 L
YIGKSYl (Rigr&3®). 6 4SS

3.4.4 Project Maths Problem -Solving Syllabus Objectives

The learning objectives of the Project Mathsolplemsolving syllabus allow the

researcher to see which aspects of the syllabus goals are being addifegdasks. It

would be reasonkble to expect that all problersolving objectives would be attended to

adequately by a textbook. It would be useful to have a method to distinguish between

familiar and unfariiar contexts. For the problersolving syllabus gectives, this would

Fff2¢6 SIAASNI Of FaaAFAOIGAZ2Y 0SG8sSSy GKS 2028
LINPOfSYa Ay FEYAEALFINI O2yGSEGAQ | YR W! LILX & |
dzy ¥ YAEf AL NJ O2yGSEGA&AQ®d® { A Y ihe thied abjectivésuge, RA A G A Y
aSt SO0 2NJ RSOAEAS WILILINBLNRARIGS YIFOGKSYFGAOL §
AYTF2NXYIEGAZ2Y YR (2 RNIg NBfSGryld O2yOf dzaAa2ya
2T FLEYATAINRGE D W5SOAASBYydNRZR &AL 53 HASK DI

would beused with more familiar tasks.

3.5 Task and Solver
The majority of the frameworks described are very much concerned with the structure

of tasks; it would be useful to give more consideration to the experiencéefuser
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when classifying tasks. Berry, JohnsoauMandMonaghan (1999, p. 109) encounter an
interesting issue when attempting to characterize routine questions. In their words, they
4SS (KS AYLXAOFGA2Y GKFG NRdziAhaShe®hga Aa
LJAeOK2f 23A0Ft O2yadNUzO0G 2F GKS NBfFGA2Y 0S
as problematic and conclude that the psychological relation is likely to be a-socio
psychological one. In other words what is routine for one individuabishecessarily so

for another. Selden, Masorand Selden (1989, p. 45) go some way towards
acknowledging this aspect of human experience by identifying two components in a
problem namely task and solver. A problem is defined by Selden et al. asrautore

or novel task if completing it requirdmding a method of solution and carrying out such

I YSGK2R® {StRSy SiG Fftod ompy pX Llpnp0d RSaON.
IANRdzL) 2F LISNE2Y A 2 NJ dnd Maso® @I94, 5.6rkhke hSvieRSy = { ¢
that while some problensolving studies do not explicitly mention the solver, it is
essential to consider the solver and the skills and information that is brought to a task
6KSYy SEFYAYAY3I | YIFGKSYFGAOI f thellasdified as KSe& L.
LINPOf SYa AYRSLISYRSyid 2F (yz2¢fSR3IS 2F (GKS

QX

They also make a distinction between problems and exercises, stating that exercises are
typically found at the end of sections in textbooks and claim that traditiaadculus

courses contain few cognitively nontrivial problems. The implication is that exercises test
routine skills while problems examine the ability to cope with mouatine material. The

GSN)Y WwWO23ayAGAGSt e y2yiNR OAdods ot begin kbhiggay 2
method of solution. Selden et al. (1989, p. 46) note that the solving of such cognitively
nontrivial tasks or problems, as opposed to exercises, necessitate the use of skills and
they identify that there is a tendency when su@sks are presented in textbooks for the
problems to be divided into smaller parts whenever possible. These smaller parts are
accompanied by the use of algorithms, sample solutions and examples wherever
possible. The use of tBe devices results in problepthat were intended to be novel

and challenging, becoming routine. Selden et al. describe solving a problem as finding a
method of solution, possibly an algorithm, and carrying it out. Most importantly, Selden

et al. (1989, p.45) highlight the fact thak$S &2t GSNJ wO2YSa Sl dzA LILIS|
FYR alAffasy LISNKFILEA YAaO02yOSLIiAzyazr F2NJ I
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problems cannot be solved twice by the same person without a loss of novelty, as the

solver would possess a method for sada the second time.

. SNNE SO FfoQa ompdppd YR {StRSy Si& |fdQa ¢
experience is worthy of attention. It is clear that this is something that should be
considered when attempting to classify tasks using varioaimeworks. The Levels of

/ 23AYyAGABS 5SYIYR FNIYSg2N] |O0ly2eftSRISEA GKS
GFL&1 o0& YIF1Ay3 NBFSNByOS (2 WLINA2NI SELISNA Sy
judging how such experience can be gauged. Similprliy, 0 Ky SND&a OKIF NJ Od S NJ
imitative and creative reasoning refers to the presence of novelty and tasks being seen

as familiar by the solver. However an explicit measure of familiarity is not provided.

When looking at the Project Maths Objectives, iugeful to have an insight into the
y2@gStae 2F | dFral ¢KSY RSOUSNNAYAYI gKSGKSNI )
1y26ft SRAS YR aiAfta G2 az2t @S LINRBofSYya LINBa
been divided into two objectives as to wheth#te contexts involved are familiar or

unfamiliar. A measure of novelty would facilitate making such a distinction as to

whether contexts are considered familiar or unfamiliar. At the start of this chapter, |

identified one of the main recommendations o6HND &G YR / KFIT ' yQa OHAM
of the instructional triangle is that improvement in instruction could be brought about

o0& Sy3ar3aiay3al addzRSyda Ay y2@0St GFralae DAGSY
previous experience by Selden et al. and the asnovel tasks by Herbst and Chazan, it

appears that there is a need for greater consideration of novelty and its measurement in

terms of what experiene the solver brings to a task.

3.6 Creation of Novelty Framework
The motivation to design a framewonkhich allows for the novelty in a task to be

measured, based on the experience built up by the solver, has been described hbove.
searched for dramework to measure noveltyhat could be used to classify textbook
tasks but couw find no evidence of onén existence at that timePrior to this, |
constructed a simpler index for familiarity of questions on Mathematics state
examinations, using the number of times a topic had occurred in preceding years
6hQ{dzf t AdddlhyO{ K SNES yH n mH 0 wWag tdnduiltduponi® ddedeyad S
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novelty framework. In doing so, it was necessary to consider a number of elements
before finalising the criteria for classifying tasks.

To start a pilot set of tasks from each of the textbooks was considered. For each task
this set, the features of the task were identified clearly. These included whether the
response to a task involved using a procedure or formula, proving a mathematical
statement, constructing or interpreting a diagram, using a definition, investigating
mathematical properties and so on. Having considered these features of the tasks and
examined the skills necessary for solution, the experience gained by the solver from
expository material, the preceding examples, and previous exercises within the same
textbook chapter was considered. Definitions, explanation of key words provided,
exemplars demonstrating key concepts and illustration of methods of solution for
problems were all examined. Previous chapters were not inspected as, anecdotally, it is
not usud in Irish schools for the teacher to follow the order of the textbook in a linear
fashion and thus it is not possible for us to say which chapters a student would already
have encountered. Also for practical reasons, a limitation had to be placed on the
amount of material that was to be examined. In all three textbook series studied here,
the topic of Pattern, Sequences and Series is covered in a single chapter while
Differential Calculus was spread over several chapters. Of course, students could have
other experiences but the taxonomy presented here is confined to the material
contained in one textbook chapter only. My two supervisors and | classified the pilot
tasks independently. Then the three sets of individual classifications were compared and
elemerts influencing the choice of classifications were discussed. This analysis was
carried out repeatedly using other sample sets of tasks on various topics, and in
different chapters of each textbook in order to consider all scenarios that could be
encounterel when classifying tasks for novelty. The criteria for classification were
revised as necessary to account for all new aspects of novelty observed. In this way, the
three classifications dHovelQ¥omewhat noveband \Hot novelas presented irFigure

3.9 were eventually agreed upon. It was decided that individual questions which were
presented as multiple parts of a textbook task would be considered as-stlane tasks.

Only preceding tasks and exemplary material are to be considered when looking at th

impact of earlier material on tasks that make up multiple parts of a single question.

67



3.7 Description of Framework for Measuring N ovelty
For this framework, skills are taken to refer to the methods and technigsed in the

solutions to tasks.

Novel
0] Sklls involved in finding the solution are not familiar from preced
exercises or from any previous point in the chapter being analysed.
(i) The mathematical concept involved is not familiar from previous exercis
examples.
(i) Significant adaption of the mbbd outlined in examples and exercises m

be made in order to get the required solution.

Somewhat Novel

0] The presentation of the task makes the question appear unfamiliar. How

its solution requires the use of familiar skills.

(i) The context (perhaps these of an unfamiliar realorld situation) makes thg

task appear unfamiliar but familiar skills are used in its solution.

(i) A new feature or aspect of a concept is encountered but the solution tq
task only involves the use of familiar skills.

(iv) A minor acption of the method outlined in the examples has to be mad

order to get the required solution. The skills required are familiar but the

or application of such skill is slightly modified.

Not Novel
0] The presentation, context and concepts of thekase familiar.
(i) The solution to the exercise or problem has been modelled in prece
exercises or has been encountered earlier in the same chapter.
(i)  The skills required are very familiar to the user and the method of soluti
clear due to the similaryt between the exercise and preceding examples

exercises.

Figure 3.9: Framework for classification of novelty in tasks encountered in textbooks.

Please note it is not necessary for all characteristics in the description of the categories

to apply inorder for a task to be classified under a particular label. However as many
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characteristics as possible should be identified before setting on a particular
classification and there should be sufficient evidence to justify the placement of the task

in ore category rather than another.

The following is an outline of each of the three termedign the novelty framework and
described briefly inFigure 3.9. It gives a description of how the researcher can

differentiate between the different categories.

Novel

A task is said to beHovelQwhen, to find its solution, the solver requires skills or
mathematical concepts that have not been covered in preceding tasks or at any previous
point in the chapter being analysed. There cannot be any substantial similarityebpt

the given task and the previous examples or tasks in this case.

A Hovellask should be original and essentially demand a new form of thinking from the
solver that has not been encountered before within that chapter. This includes a
situation where atask requires a different method of solution to the one the solver is
familiar with from the contents of the chapter, or when the solver has to make a
significant change or alteration to the method that is familiar in order to find the
required solution.

Once aHovekyuestion has been encountered, it diminishes the novelty of any similar
guestion that follows it. While a task may M#ovelQwhen first encountered, any similar
task that follows it or which requires a similar approach can no longer lssiftéal as
HovelQ

Somewhat Novel
If there is only a superficial difference between preceding examples and the task in

hand, then it is labelled a®¥omewhat noved For instance, the presentation of the
guestion may be different to preceding examplest when the solver goes about
solving the task, it is apparent that the skills required are quite familiar from the
preceding exposition, examples or earlier tasks in the chapter. Such differences can
occur when a task is presented in a different contextchs as a realorld scenario,
which can serve to render the task unfamiliar to the solver initially. There can be some
difficulty for the solver when first encountering the task but this is diminished once the

familiar material is identified. Such variationecessitates the creation of an
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intermediate category to acknowledge that a task can have unfamiliar aspects but relies
2y aiAffta GKFG FNB FOhGdzZtte ljdAGS FFYAEAFN |
Not Novel

An exercise or task ot novellf its solution has been dealt with in preceding exercises
or other examples in previous parts of the chapter. The task could be a direct repetition
of material covered in examples or very similar to it. If the material is not covered in the
examples immedizly preceding a set of exercises, but yet the solver has experience of
it from an earlier part of the chapter, then the task would be classifiediasnoveld

By using these criteria, it is suggested that it is possible for the researcher to get a
cleater picture of what a solver has been exposed to in terms of the textbook examples
and previous tasks. This gives an insight into the degree of novelty present when
completing tasks. Such data complements the information provided by the other
frameworks ast allows one to look not only at a task but also at the background against
which it is set. This framework allows one to consider the previous experiences of the
solver within a mathematics textbook chapter and how this impacts upon the solver
when solvig a task. A workshop was conducted for the validation of the novelty

framework described here, it will be reported on in chapter 4.
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Chapter 4 Methodology

4.1 Introduction

This chapter will outline the methodology used for the classificatiotasks using the
frameworks described in chapter 3. It will also describe a workshop that was used to
ALAY SEGSNYILEt @GlLtARFGAZ2Y FT2N GKS b2@Stde
in this study, explain the choice of mathematical topics andbi@ok series, discuss the
coding and the efforts made to ensure consistency and reliability of results. Once the
methodology employed in the task analysis has been explained, examples of

classifications using the five frameworks will be provided.

4.2 Definition of a T ask
For this work, a task is considered to be an activity where a student interacts with a

mathematical topic by attempting to solve a question either as homework or within the
classroom. This is in keeping with Mason and Johnratdnf R S Niliba (2006 §.4). In

this analysis of tasks, particular attention will be paid to the structure and presentation

of tasks and the skills that students utilise in their interaction with concepts and topics
when attempting to derive a solution. This builgs a picture of the kind of learning that

is promoted by these tasks. Polya (1957, p. 171) and Henningsen and Stein (1997, p.525)
020K Oly2¢fSR3AS (KIG addzRSydaqQ aSyasS 2F Y
with the tasks with which they are askéalengage. For the purposes of this study, tasks
are not seen as not being confined to the classroom but are also interacted with when

students complete homework.

4.3 Choice of Topics
This study looks at the topics of Pattern, Sequences and Series, féarérdial Calculus:

these two topics were chosen because they are present on bothedignd Ordinary

Level Leaving Certificate Mathematics syllabuses. Also these topics were both present
on the old syllabus and this allows for further comparison betwt#enPre and Post
Project Maths eras. As they are present at both levels, this gives several options for
comparison. It is possible to compare the treatment of the topics in different ways:
across syllabus levels within a textbook series or between diffeseries. The tasks
from this topic are analysed from three textbooks series available on the Irish market:

~

WhbS6 /2yOrasS al 6K&A&QX We¢SEG FyR ¢SaiaQ | yR
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were selected because they were the first to be publishedesponse to the new

curriculum, while they have also traditionally been the most popular in Irish classrooms.
Publishers declined to release any data in relation to textbook choice and/or usage as it

was judged to be sensitive in a competitive market. Toithese textbooks series have

the same author(s) as before the introduction of Project Maths and for the third

textbook series the préroject Maths author was retained as an advisor. This allows for
comparison between the older textbooks and the textbeaktroduced in response to

t N22SO0 al GKa® hyS 2GKSNJ GSEGo6221 SydaAadt SR
very few schools opted to use it, judging from a small sample of school book lists

available online, and it is only available for Ordinignyel which would limit the options

for comparison. Also it was new to the market which would not allow for comparison

with an older edition. Since the choice of textbooks was made, two textbook series

OFftf SR WOFTTFSOUADS al KaQy I IR0 Wk 26SRP 2FK Sa I @
al UKaQ aSNASa Aa 2yfte FGFAtlroftS G 1 ATIKSNI [ S
2F aldkKaQ aSNASa Aa | NBOSyid SyaNer G2 GKS Yl
editions. However the three textbook seriesalysed in this study have become

established popular choices in Irish classrooms. Although each series of textbooks has

been introduced at both junior and senior cycle, it was decided to focus on the senior

cycle material in particular because of the higfakes (Leaving Certificate) examination

that accompanies it.

4.4 Selecting Tasks
From the six PrHProject Maths and six PeBroject Maths textbooks, each chapter

relating to Patterns, Sequences and Series and Differential Calculus was analysed. A total

of 7635 tasks (3584 Rieroject Maths and 4051 PeBtroject Maths) were classified

from the chapters chosen. Tasks from revision sections at the end of chapters were

excluded as anecdotal evidence suggests that teachers tend to focus on the material

within a chapter and use these sections for revising after returning to a topic after some

time. Once the revision sections were excluded, the tasks from all other exercise

sections were analysed. These questions would normally be assigned as classwork or
gventosi dZRSy Ga FT2NJ K2YSG2N] 01 2 dzMR)Ahug'thebey R h Q52

tasks provide an insight into the teaching and learning taking place in Irish classrooms. It
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was necessary to discard some tasks when ambiguity was encountered, for example
where a misprint made it difficult to interpret what a task required. A task was also
omitted from the analysis if the wording led to the possibility of the task being
interpreted in more than one way and such readings led to different solutions. In all, 16
tasks were excluded from classification due to these kinds of ambiguity. Questions
sometimes consisted of several parts and it was necessary to break these up and treat
them as multiple tasks. Several checks were made over time to ensure that what was
treated as a task in one textbook was consistent with the other five textbooks regardless

of how exercises were structured or presented.

4.5 Coding
Each of the 7635 tasks were classified using each of the five frameworks outlined earlier.

Each individual task wasxamined separately. This involved carefully considering the
features (symbols, wording, context etc.) of a task relevant to a particular framework

and determining the likely solution methods that students would employ. As each
framework focuses on diffent aspects of a task, it was necessary to conduct each
classification separately to ensure that the tasks were interpreted without any
confusion. The criteria for each framework were applied separately to each task. For the
Novelty framework, each task ia LJ | OSR Ay 2yS 2F GKS KN
WaA2YSgKIEG y20St Q 2 Nerisgesciibedyir?BpSré 829 frdwd degtign (1 K S
3.7, these classifications were made only after taking into account the preceding
examples and exercises that the sand would have encountered in the chapter before
attempting the task. When classifying tasks using the LCD framework, decisions were
made using thdist of criteria from figures 3.3 and 3.4 outlined in section 3.8li%iding

tasks into four categories H@rocedures with connections to meanjngr DM (loing
mathematicg for Higher Level Demand (HLD) andgdrBcedures without connections to
meaning or LM (nemorizatior) for Lower Level Demand (LLD). With the mathematical
reasoning framework, tasks were klled as CR (Creative Reasoning) or IR (Imitative
Reasoning). These classifications were determinedgu#iie characteristics given in

Figure 3.5and whid were expanded on in section 3.3’Phe tasks were examined very
carefully as to which Project Mathsbjectives they addressed using Figure 3.8 from

section 3.3.3 as it was important to take into account that more than one objective
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could be in evidence. Similar care was taken with the dimensions of mathematical
understanding framework, taking note ofi¢ experience that the student was gaining
from completing the task. For this latter framework, it was also important to observe
that a task could be placed in more than oneegpiry as described in section 3.3Each

task was given a unique code andd@dissifications and reasons for such classifications
were entered into an SPSS file. The data generated from these classifications were

analysed using SPSS.

The process afodingbegan during the first year of this study, with the topic of Pattern,
Sequ@ces and Series in the peBtoject Maths textbooks using the LCD and reasoning
frameworks. Chapters were broken into manageable sections and the classifications
were reviewed and revised over this timeétook some time to calibrate and establish a
consstent satisfactory understanding of the coding systeith these two frameworks

The key was not to classify too many tasks in a short space oftirtteat discussion on

the classifications could be facilitated and also ensuring that all relevant asgextask

were noted.The experience of working with these two frameworks assisted with the
RSOSt2LIYSyd 2F GKS b2@gStide FTNIYSg2Nl® | ara-
Project Maths problerssolving ®jectives frameworks were also introduced during the
second year. By the end of the third yedi838 postProject Maths tasks from Pattern,
Sequences and Series taken from the three textbooks series at both Higher and Ordinary
Level had been coded using the five frameworks. During the fourth yead 568 pre-
Project Maths taskon Pattern, Sequences and Seri@sre classified The topic of
Differential Calculus was then examined towards the end of the fourth year in both the
pre- and postProject Maths textbooks.This accounted for 2016 and 2217 tasks
respedively, each analysed using the five frameworks. At the end of the fifth year, 7635

tasks had been analysed.

4.6 Inter -rater Reliability
After | had coded the textbook tasks, at least one of my two supervisors also looked at

each task separately and we cpared our classifications after each framework analysis
was complete. We then discussed any of the classifications that we had differences on

and gave our perspective on why we analysed them as we did, coming to agreement on
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how the coding should be apptle Having clarified and resolved our coding, we made
any necessary revisions and reviewed the existing classifications of previous tasks in light
of these revisions, in order to ensure consistency throughout the analysis. This led to a
final set of classifations. This form of internal refinement and quality control is

common practice for this kind of work (Alafalagd Fan 2014, Edwards 2011).

4.7 Examples of Classification of Tasks using Frameworks
The following provides examples of how the tasks wéassified using the five different

frameworks described earlier. Key information justifying why each classification was
chosen is provided after listing the decision that was reached for each framework. The
exemplar material that was provided in the textiks before each task is listed, as this

can be informative as to the kind of procedures and algorithms that the student has
been exposed to. Moreover, it is necessary to be aware of this material when
considering how the degree of novelty is determinfdhe formulae available in the
mathematical tables were not considered relevant as any formula encountered by the
students was treated agamiliar if it was provided in the exemplar material. am
presenting examples of tasks from both topic areas. The ratiEr Pattern, Sequences

and Series is taken from Text and Tests and the Differential Calculus examples are taken

from Concise Maths.

4.7.1 Pattern, Sequences and Series
Before classifying any of the tasks in a textbook, it is necessary to considérttadl o

previous exercises completed and any expository material that is available. For each of

the sample tasks that follow, the preceding exemplar material is provided.
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Cxample 1 Find the sum of the series 4 + 11 + 18 + 25 + ... + 144
Examining the series, we find: a=4

d=11-4=7
To find # the number of terms up to the term 144, we use

T =a+(n—1)d

144=4+mn—-D7T=4+Tn—7
144 =Tn —3
T =147

n= (g] =21 ... i.e. there are 21 terms in this sequence

-8, = g 2a+ (n—Dd}
21
=S 2@+ @1-1D7]
S, =1554

Figure 4.1: Exemplar material 1 from Text and Tests 6 (Higher Level) pg. 145

Example 2

To celebrate the birth of his niece, an uncle cffers te cpen a savings account with a
depoesit of €50. He also offers to every year add €10 more than he did the previous year
until his niece is 21 years cf age.

(1) Find an expression for S, , the sum of money on deposit after » years.
(11) Find §,,, the total saved after 21 years.

n

a=€50 5, =7 2a+(n=Nd)
d=€10 S = 5[2(50) +(n—1)10]

=%[100+10n—10]
n
=8, = [10n+90]

S, = %[10(21) +90] = €3150

Figure 4.2: Exemplar material 2 from Text and Tests 6 (Higher Level) pg. 145
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4.7.1.1 Classification Example 1.:

Find § and5,, of the following arithmetieguence
1+5+49 33 &

Figure 4.3: Text and Tests 6 Exercise 4.3 Q 1 pg. 149
Project Maths Objectives:

There is one of the ProjedMaths learning objectives in evidence here.
1 Use appropriate mathematical models, formulae or techniques to process
information and to draw relevant conclusiorthe student can use the relevant
formula in order to get the required solution.
Novelty:
 WotNovekY ¢KA& Gl al Aa WyetdexsnPpB@Sinfyureé 42 A0 A
in terms of inding the nth sumand example 1 in figure 4.1or evaluating the
sum. These examples outline the algorithm for finding the sum of terms in an
arithmetic series. This question could be answered using the same algorithm.
Levels of Cognitive Demand:
1 Lower level demand:\Brocedures without connections to meanfpd his could
involve the use of an algorithm. The student might substitute in the values in
order to ge the required solution.
Imitative v Creative Reasoning:
1 Imitative Reasoning: The student has an algorithm that could be used to find the
required solution.
Dimensions of Mathematical Understanding:
¢KAad SESNDAAS YI{18a dza$ highfis SRiIGoritBnE ! AaA &1 A Yy Q
91 SkiltAlgorithm: The user could replace the terms in the formula with the values
observed for a, d and n. To get the second part of the answer, the value of n

could also be substituted.
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—~ Example 3 ) ™

Given S, = n® — 4n, find an expression for 7;, and hence determine if the
sequence is arithmetic.

S, =n’— 4n

S,,_l — (n - l)2 —4(n — l) .. replace n with n 1
=n?—2n+1—4n +4
= S,.,=mn2—6n+5
T, =8,—S,.,=n>—4n — (n> — 6n + 3)
=n?—4n — n® + 6n — 5.
T, =2n-—35

If a sequence is arithmetic, 7,, — 7, _, must be a constant.
= T,—-T,.,=2n—5—[2(n— 1) — 5]
=2n—-5—-(2n-17)
=2n—5—2n+7
= 2 ,i.e. a constant.

Therefore the sequence is arithmetic.

(. S

Figure 4.4: Exemplar material 3 from Tex tand Tests 6 (Higher Level) pg. 146
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/-(Example 4 ) \

A lighting company is making a sequence of light panels with the number of
bulbs per panel in arithmetic sequence.

For the first 10 panels, 165 bulbs were used.

If the third panel is as shown in the diagram, find 4, the first term of the sequence,
and d, the common difference.

3rd panel (9 bulbs)

Hence draw a diagram of the first four panels.

T,=a+ (- 1)d  Also, s,,=g[2a+(n—1)d]

Ty=a+(3-1)d

hy=a+2d=9 ... we know that S, = 165 when n =10
N s..,=%(2a+(10—1)d]

S0 = 10a + 45d = 165.
a+2d=9
= 10a +20d =90
and 10a + 45d = 165
=25d = =75 ... subtracting

If d=3,then a+2(3)=9
= 4 =3

The sequence of bulbs in the panelsis 3,6,9,12.

N\ J

Figure 4.5: Exemplar material 4 from Text and Tests 6 (Higher Level) pg. 146 -147
Note that the exemplar material (exarlgs 1 and 2) shown in figures 4.1 and 4.2

occurred before the following exercise also.
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4.7.1.2 Classification Example 2:
na+1)

Show that §, = is the sum to 7 terms of an arithmetic sequence where / is the last term.

Figure 4.6: Text and Tests 6 (Higher Level) Exercise 4.3 Question 15 pg. 150
Project Maths Objectives:

There are two Project Maths learning objectives relevant here.

1 Apply knowledge and skills to solve problems in unfamiliar extst The
mathematical context might not be familiar to the student and further

investigation might be necessary to determine how to solve it.

1 Devise appropriate mathematical models, formulae or techniques to process
information and to draw relevant colusions The student might find it

necessary to think carefully and devise a suitable approach to the question.

Novelty:
1 Wovel This exercise does not draw on anything specific from the examples or
the preceding exercises. It may be unfamiliar to theruand require a high
degree of investigation and experimentation before solving the task in the

manner required.

Levels of Cognitive Demand:
1 Higher level demand$¥oing mathematic® Complex thought may be required
on the part of the user in terms of moto approach the exercise and find the

necessary expression.

Creative vs. Imitative Reasoning:
1 Creative Reasoning: The user might look at the terms of a series in terms of a and
d. The link between | and a+-{r) d could be established by the studenteaft
investigation. The task is novel as the user does not have a clear way into the

guestion. It is flexible as the user chooses how to approach the question. There is
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also a mathematical foundation present as the user might explore the properties

of a serés and how the sum of a series is found.

Dimensions of Mathematical Understanding:
¢tg2 2F | arAaiAyQa RAYSyaAa 2 A@orithnNad Mdpdrsp O v (
Proof.
1 SkiltAlgorithm: the user might write out each term of the arithmetic series in
terms of a and d.
1 PropertyProof: The user could look at the arithmetic series in terms of a and d
and include the nth terms. It may be necessary for the user to think about the

last term and how it would be expressed in terms of a, d and n.

Example 5 :‘;

(i) Use the sigma notation (X) to represent 2 + 6 + 10 + 14 +
for 45 terms.

L
(1) For what value of n is E 3r—5=90 7

r=

G) 2+6+ 10+ ..... a =2 T, =a+ (n 1)d
11:4} =2+ (n— 1)4
7, = 4n 2
= 7. =4r — 2.
=45
A S | g YA S S for 45 terms = Z ar — 2)
r 1

(ii) }“(3r» 5) =[3(1) —5]+[31)—5]+[33B)—5)]+ ---.. 3n—5
o=k = =2 + 1 + 4 TP sanas i
=g = —2
a - S, = —'-,)"{2(1 + (n 1)d}
d=1—(—2)=3 2
S, = 90 90 = 7'2'12( -2) + (n — 1)(3)}
180 = n(—4 + 3n 3)
180 = n(Bn — 7)
= 3n2—T7n — 180 =0
Gn +20)(n —9) =0
= n 9=0 or 3n+20=0
n=9 or n = 7329
n =9 since =

Figure 4.7: Exemplar material 5 from Text and Tests 6 (Higher Level) pg. 148
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4.7.1.3 Classification Example 3

Write the following sequence in sigma notation

nbybMHbMCcbXbMHDN

Figure 4.8: Text and Tests 6 (Higher Level) Exercise 4.3 Question 7 pg. 149
Project MathsObjectives:

1 Use appropriate mathematical models, formulae or techniques to process
information and to draw relevant conclusion& model is used to rewrite the
series in sigma notation
Novelty:

f WotNovelY ¢KAA GFail Aad kiaRtaexampl@Bif fQurddy A G A&
The example outlines an algorithm for using sigma notation to represent a
sequence. This question could be answered by using the same algorithm.

Levels of Cognitive Demand:

1 Lower level demand®rocedures without connections to maning Student

could use an algorithm to write the sequence in the required format.
Creative vs. Imitative Reasoning:

1 Imitative Reasoning: The user can use an algorithm to write the sequence as

requested.
Dimensions of Mathematical Understanding:
Oneoff aA&a 1Ay Qa RAYSYyaAz2ya -AgaithhBt SOl yid KSNBI ylI

1 SkiltAlgorithm: As above, the user can use an algorithm demonstrated in the text

to write the sequence as requested.
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4.7.1.4Classification Example 4

In an Art class, a student experiments with a design for a dreamcatcher using rings and
threads. The first three designs are shown below.
He wishes to continue his pattern of designs. How many rings will he need for

(1) design 10 (i1) design 20?

How many rings in total will he need to make all 20 designs?

Design 1

Design 2
Design 3

Figure 4.9: Text and Tests 6 (Higher Level) Exercise 4.3 Question 10 pg. 149

This is the classification for part (i) How many rings will he need for design 10?

Project Maths Objectives:

There are three Project Maths learning objectives relevant here.

1 Select appropriate mathematicahodels, formulae or techniques to process
information and to draw relevant conclusionhe student might find it
necessary to choose between different available models. The user could use a

formula or continue to draw designs to find the required numberings.

1 Analyse information and translate it into mathematical forfirhe information
given in the question is read and it is interpreted mathematically so that the

required solution can be found.
1 Explore patterns and formulate conjecturdsie studentcould explore the given

designs and identify the pattern in order to determine the number of rings in

later designs.
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Novelty:
1 ot NoveQ The student is reliant on familiar skills established from solving tasks

involving patterns in the preceding exese set 4.2. At face value, the context
could be viewed as unfamiliar but given the previous exposure to this type of
task, the novelty is diminished. An example of this kind of similar task, which

would have been solved by the student previously, is gbadow in figure4.10.

Niamh made wall hangings using the following designs:

Design 1 Design 2 Design 3

0] How many red and orange tiles will she need for design 87?

Figure 4.10: Text and Tests 6 (Higher Level) Exercise 4.2 Question 5 pg 142 -143

Levels of Cognitive Demand:

1 Lower level demandyfrocedures without connectiorsto meanindgl The student
could complete this by counting the number of rings and then using an algorithm
to find the value of the tenth term without considering the underlying
mathematical foundations.

Creative vs. Imitative Reasoning:

1 Imitative Reasoning: The usemight complete this without giving due
consideration to the mathematics involved by imitating the previous exercises
that were solved in the tasks for exercise set 4.2, here the student identifies the

numerical value of the first three terms and then adbtes the value of the

tenth term using a formula.
Dimensions of Mathematical Understanding:

CKNBS 2F ' 3A41AYQ3a RAYSY &-Algoyfitkim, UstiBplichdre S G y i

and RepresentatiotMetaphor.
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1 SkiltAlgorithm: the student might use ¢hformula for an arithmetic sequence to
find the rings needed for the tenth design.

1 UseApplication: The dreamcatcher and its design are set in a real life situation.

1 RepresentatioAiMetaphor: The question is presented using pictures of designs 1
3 rather han a numerical sequence. The student might draw more of the designs
to explore the pattern and determine how many rings are needed for the tenth

design.

4.7.2 Differential Calculus

Example
2X dy
If y=—— show that— >0 foralk 1.
1- X dx
Solution:
1- x
dy _ (- 3)(2) -(22x)( Y (quotient rule)
dx 1- X
_2- 2X +2X
(- x)*
—_2
(2- x)*
Since2>0and @Ix ?)> Oforall | 1, it folls that(1 2 7 (62
- X
forallx, 1.
gy >0 forallx /1.
dx
Note: (any real numbaezr will always be asfitve number unless t
numberis zerod  @x?) >O0foral 1.

Figure 4.11: Exemplar material 6 from New Conc ise Project Maths 4 (Higher Level) pg.
416
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4.7.2.1 Classification Example 5

Letf (x)=xX #4x 2
Explain why this function is bijectiv

Figure 4.12: New Concise Project Maths 4 (Higher Level) Exercise 15.2 Question 2 (ii)
pg.416

Project Maths Objectives:

1 Select appropriate mathematicahodels, formulae or techniques to process
information and to draw relevant conclusiorkhe student has several models to
choose from when establishing that the function is bijective. The property could
be established by examining the derivative or dragvingraph of the function.

1 Explain findingsAn explanation is requested

1 Apply knowledge and skills to solve problems in familiar contédits not
immediately obvious as to how to determine that the function is bijective.
However the student has builtpuknowledge of derivatives and how to use them
to establish that functions are increasing so this can be applied to explain why
f(x) is bijective.

Novelty:

1 Wovel The task has not been modelled in the chapter.

Levels of Cognitive Demand:
1 Higher levedemand Procedurs with connections to meanir@@ Student could
decide to use a procedure like finding the derivative to show that the function is
Ffglea AYONBlFraAy3d 2N GKS WI2NRT 2y il f

and surjective.

Creativevs. Imitative Reasoning:
1 Creative Reasoning: The student may have to draw on creative reasoning to
establish the properties of the function. The student may find the derivative of
the function and establish that it is always increasing. This will then teabe

linked to the criteria for a bijective function.
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Dimensions of Mathematical Understanding:
¢g2 2F 1 arAA1AYQa RAYSyYyaA 2 A@orithrNad MNdpdre g1 v i
Proof.
1 SkiltAlgorithm: The student might possibly find the derivatived astablish that
the function is always increasing using the skills developed earlier in the chapter.
1 Propertyproof: The student will have to establish some property to show it is

bijective, this could be done without drawing the graph of the function

4.7.2.2 Classification Example 6

An artificial ski slope is described liye function
h=165 -126 €& G

wheres is the horizontal distance amda the height o
the slope. Show that the ski slope navess.

Figure 4.13: New Concise Project Maths 4 (Higher L evel) Exercise 15.2 Question 8 pg.
417

Project Maths Objectives:

1 Use appropriate mathematical models, formulae or techniques to process
information and to draw relevant conclusianrd model could be used to find the
required derivative and obtain the required form.

1 Apply knowledge and skills to solve problems in unfamiliar cont&€kies student
has experience working with this kind of function butshnot encountered this
kind of real life context before.

Novelty:
1 WBomewhat Nov& The skills required are similar to a previous question in this

exercise set whereby the student was asked to show that

g—yd:OforaIIx IRwherey=10-8 € X-
X

The unfamiliar presention comes from the task being set in a real life context.
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Levels of Cognitive Demand:
1 Higherlevel demand Procedure with connections to meanir@ Student can

use an algorithm to find the required derivative and get the negative square form

butmdza @ t Ayl Al G2 GKS TdzyOlirz2yQa RSONBI &4

always decreasing, they are interacting with the mathematical foundations.

Creative vs. Imitative Reasoning:
1 Creative Reasoning: An algorithm can be used to differentiatefactdrise the
expression, however to use this is not immediately obvious as the context

NEIljdzA NE& ONBFGAPS (K2dzZ3KGd ¢KS addzRSyi

K

NAaSaQ LINB@A2dzate |yR Ydzad hedafcally. RSN K2 g

Creative reasonig is required to resolve the requirements of the task and then

answer it.

Dimensions of Mathematical Understanding:
CKNBES 2F ! aralAyQa RAYSyaAazya NB SOARSYyI
1 SkiltAlgorithm: the student can use a model to find the derivative and to prove
that the function is always decreasing.
1 PropertyProof: Proving that the ski slope never rises. (Function always
decreasing).

1 UseApplication: The ski slope is a real life situation.

4.7.2.3 Classification Example 7

Letf (x)= x -sinx. Show thaf ¥ ) >0 for 0 x %<

Figure 4.14: New ncise Project Maths 4 (Higher L evel) Exercise 15.2 Question 7 pg.
417

Project Maths Objectives:
1 Use appropriate mathematical models, formulae or techniques to process
information and to draw relevant conclusior& model can be used to get the
required cerivative. Students then need to consider when a particular inequality

is satisfied.
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1 Apply knowledge and skills to solve problems in familiar cont&@tte student
knows how to differentiate the function. However, it is necessary to link
knowledge of deriative to that of the behaviour of the trigonometric function
cos (x) in order to determine whether the inequality holds or not for the given
domain.

1 Novelty:

Bomewhat Nov& Differentiating and solving is familiar but deciding where the

inequality holdds a new aspect of the solution method.

Levels of Cognitive Demand:
1 Higher level demand®rocedures with connections to meanfagStudent would
need to connect their knowledge of derivatives to their knowledge of the
behaviour of certain functions. Albugh it is possible to find the derivative by
rule, it is still necessary to consider the behaviour of the cosine function.
Creative vs. Imitative Reasoning:
1 Creative Reasoning: Creative reasoning could be needed to check the extent of
the solution set othe inequality; this could require creative reasoning especially

when no prior experience of this type of analysis has been established.

Dimensions of Mathematical Understanding:

tg2 2F ! aArAalAyQa RAYSYyY arMgyiithm andl PopeByePBE ! y i K S|
91 SkiltAlgorithm: the student uses a model to find the derivative.
1 PropertyProof: the student proves that the derivative is increasing within a

certain domain.

In this section, | have outlined the methodology used in the analysis of tamksthe
textbook series, and given some examples of the type of analysis carried out. In the next

chapter, | will present the results of this analysis.

4.8 Validation of the Novelty F ramework
This section outlines a workshop that was conducted to vadidla¢ Novelty framework.

The framework was designed to assist with addressing the research question: what
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degree of novelty is incorporated into the textbook tasks? The validation workshop was

held to determine whether the Novelty framework was clearly atdsed and could be

used effectively and reliably. In the workshop, five researchers with an interest in
mathematics education independently classified tasks drawn from two textbook

chapters used in the main study. They were then invited to complete atignesire in

relation to their experience of using the framework. Participants were asked if the
framework was easy to use and they were invited to describe any difficulties
encountered in its use. The questionnaire also asked if they agreed with thaptiests

2T Wy20StfQF WwazYSeKIlG y20StQ yR Wy2i y20St
by a group discussion where participants expanded on their views and gave a more

detailed account of using the Novelty framework.

4.8.1 Format of the W orkshop

4.8.2 Codebook
/| 2RS4 NP RSTAYSR la WWwWilr3a 2N flFoSta F2NI I

AYFSNBYGAFE AYTF2NXIGA2Yy a®HybedndnSIBI4, RgzBH.y 3 | &
t N 4FR O6HAnnyX LIAP® mMyTto AYTF2NXiato alzontedtK | § WO?2
OFGdS32NE Aa OlIfftSR O2RAY3I® LYRADGARIZ f& oK2 |
set of codes, definitions, and examples used as a guide to help analyse data {DeCuir
Gunby, Marshaland McCulloch, 2011, pg. 138). land Jeng (2015pg. 91) emphasise

GKFG GKS NB&aSIHNODKSNI O2yRdzOGAY3 | O2RAYy3I &aSi
LINE OSRdzNE Ay aidNHzOGA2Yy |yR 3IdzZARS 06221 F2N (K
not only a guide for coding responses but it also serves asndeatation for the layout

and code definitions of a data file (Lavrakas, 1988, p.100). D&ouiy, Marshaland

a0/ dzf t 20K oHnmmMI LJA® mMoyO FROAAS GKFIG GKS WY
for coders to distinguish between codes and to detee examples from nonexamples

2T AYRAOGARdAzZEtf O2RS&aQ®d ¢KSe& |faz2z NBO2YYSyYyR

more consistency there will be among coders when using it to code data.
The codebook that | created described the three different leveln@felty in my

framework and provided a guide as to how to distinguish between each catégeey

Appendix A. Definitionsof the terms to be used during the coding were provided. The
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units of data collection were identified as a textbook exercise or allempart of a
multi-part exercise. The codebook also outlined how each task or unit of data was
identified. It was important to have two identifiers for the tasks involved. One was a
chronological list of the tasks to be used within the workshop soithabuld be easy to
locate a particular task. The original exercise numbers were also retained, to easily
compare the classifications of the workshop participants with earlier classifications by
the author. The codebook also contained expository matemal aorked examples on

one topic from one of the textbooks. | decided to use the topic of Pattern, Sequences
and Series in the codebook because it was more compact than Differentiation in terms
of expository material and thus deemed more suitable for a whdp in which time was
limited. Five sample tasks were included, accompanied by worked solutions and
suggested classifications. A sample coding form was also included which demonstrated

how the classification for each sample task could be recorded.

4.8.3 The Coders
In order to identify a suitable number of independent coders, | reviewed relevant

literature in relation to coding. Alafalegnd Fan (2014)nvestigated how the national
middle school mathematics textbooks iBaudi Arabia represent problesohing
heuristics and they established a framework for coding heuristics into different
categories relating to how students would be encouraged to solve the textbook
problems.The reliability of their coding was checked with a single external coder who
also oded all the problems. The coding result by the independent coder was compared
with that obtained by the researchers. Intester agreement was measured using the
Intra-class Correlation Coefficient (ICC), a statistic of 0.98 was achieved on heuristics and
0.97 was recorded on heuristics existence in each book, indicating a high agreement in
coding. Similarly, Mailizaand Fan (2014) also made use of one external coder when
examining how mathematics textbooks in Indonesia reflect authentic learning. They
designed a framework that classified tasks into categories such as authentic; semi
authentic, realauthentic or nonauthentic. Again the coder was invited to code all the
problems, in an effort to establish the reliability of the original coding. Like tkeipus
study, the ICC was used to get some indication of the dratar agreement. For

authentic tasks, an ICC of 0.789 was recorded, an ICC of 0.771 was found for semi
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authentic tasks while reauthentic tasks had an ICC of 0.702. As the ICC between the
researchers and the coder, for each type of task, was higher than 0.7, this suggested that
the results were reasonably reliable. Neither of these two studies, unlike the Novelty
framework workshop, made use of a questionnaire or discussion, instead figcssiely

on the reliability of the original coding.

Edwards (2011) in his unpublished PhD thesis examined how successful students are at
accurately generating examples of sequences satisfying certain combinations of
properties, while also investigatingpeé qualitative variation in students' experiences of
sequence generation. To address these research questions, he designed a coding
scheme. Two of his colleagues were asked to independently code interview data in order
to validate his coding scheme. As paf his validation exercise, the two mathematics
education researchers were presented with new data to code within the framework, and
were then asked to reflect on their chosen classifications and the validity of the
framework. Both researchers providedefdback on the structure and content of the
dimensions presented in the scheme and expressed opinions as to how appropriate the
coding was to the data and whether it succeeded in providing insight into the data.
Unlike the two previous studies, he did raalculate a reliability coefficient.

Seven researchers with a background in mathematics education were invited to
participate in a Novelty framework validation workshop. This was to ensure as many
different perspectives as possible were incorporated. kege able to attend on the
selected day, each of whom had some level of exposure tomastary mathematics
education in Ireland. Four of the participaritad taught matheratics at second level in
Ireland and would have some familiarity with mathematiegtbooks at second level.
None of the coders had previous experience of working with the Novelty framework.
Each coder was sent a copy of the codebook in advance of the workshop. The coders will
0S 1Yy26y AYRAGARdzZ f & KSNI whiend dsbllsy findidg2 RSNJ m X

from the workshop.

4.8.4 Outline of the W orkshop
The faceto-face workshop lasted for three hours, with all participants present at the

same time. It was broken into five stagesnamely, a presentation on the Novelty
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framework criteria, working with practice tasks, the coding of tasks using the Novelty

FNI YS2N)l = GKS O2YLX SiAzy 2F | j dzSaGA2Y Y|
experience of using the framework. There was a short break between stages. The
presentation lastedorty five minutes, twenty minutes was spent working with practice

tasks while ninety minutes was given to the remaining stages. The coding of tasks and
completion of the questionnaire was completed within seventy minutes while twenty

minutes was given tthe discussion.

The presentation on the Novelty framework provided the opportunity for coder training,
GKSNBoe& SIOK LINOAOALIYG Ay GKS @g2N] akKz2Ld
scheme and how it should be applied. Working with practice tasks wazaisidered a
critical stage in the workshop as it acted as a pilot test. This provided an important
opportunity to ensure consistency before coders were asked to apply the framework to
the full data. The result of pilot testing helps to identify incotesisies between coders

or to discover other inadequacies in terms of category construction or its description
(Prasad, 2008). Triangulation lends credibility to the findings by incorporating multiple
sources of data, methods, investigators, or theoriedafittson, Harris, Skippeand
Allen, 1993). Aside from the coding of tasks by the five participants, the questionnaire
and group discussion also provided valuable insight into the description of the Novelty

frameworik and how easy it was to apply.

4.8.5 Presentation on the Novelty Framework C riteria
The workshop began with a presentation where | explained the criteria necessary for

classification using the Novelty framework. | outlined a number of issues that coders
should be conscious of when classifyingkeadn particular | emphasised that the term
WiAfftaQs Ay (GKS FTNIYSg2N]lzZ Aa dGF1Sy G2 NB°
solutions to tasks. | made it clear that it was not necessary for all characteristics in the
description of a category topply when deciding on a classification. Each coder was
encouraged to establish sufficient evidence so as to distinguish between the different
categories, by finding as many relevant characteristics as possible before settling on a

particular classificationAttention was also brought to the fact that when classifying with
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the framework, commonly used skills like calculating slope or finding area with a formula

are taken to be familiar from juniorycle.

The five sample tasks were then presented to pgytiais in order to demonstratbow

the author had applied the Novelty framework to classify these tasks. A method of

solution appropriate for sample task (see appendix A)zhad been modelled in a

previous example in the expository material and so thdsskiere very familiar, thus the
4dz33Sad0SR O2RAY3 g4l a Wyz2i y20StQd {I YLI S Gt
and the presentation, context and concepts of the task were familiar, which would
adz3asSad dKIG AG akKz2dzZ R ask3 wasuse8 e shbvihowtfie2 i Yy 2 O ¢
presentation of a task could provide an unfamiliar appearance yet the solution was

reliant on familiar skills once a slight modification was made to the solution method

already demonstrated in the text. According to the frammek, this would place the task

Ay GKS WazyYSgKIG y20StQ OFrGS3Iz2Nre | ySg | &lLls
was present in sample task 4. As the solution required the use of familiar skills, this task

gla OflFraairTASR | & MaspeSsarkiledaskyb2eqdreddte use S FA Y |
unknown values and simultaneous equations which necessitated a significant adaption

of the method given in the examples. Using the framework, | recommended that the

GFral oS Ofl aaAiTASR elndtedYyaBkBdstns atdthic $oinOid RS NAE ¢
order to clarify any confusion or discuss any of the five suggested classifications in more

detail.

4.8.6 Working with Practice T asks
The coders were then given the opportunity to code four practice tasks aratdeheir

classifications on a coding form. The expository material was taken from the Ordinary

Level textbook in the Concise Maths series. These four tasks were chosen to be
representative of what the coders would encounter in the actual coding exeircides

next phase of the workshop. | had previously coded each of these four tasks in the main

study. The first was intended to be regarded as not novel, with the second being
interpreted as somewhat novel. The third task in this set was an importanisioci

because, had it appeared before the second task, it would have been expected to be
flroStftSR a Waz2YSgKIG y20StQ odzi 3IAGSYy Al

QX
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experience garnered in completing that task, the novelty would be diminished. The
codeas were expected to recognise this and opt for a lower level of novelty. It was
AYLRZNIGFYG G2 oNARAYy3I O2RSNEQ FdaSyidAazy G2 0
impact of the experience of completing previous tasks and how this is accounted for in
the framework. Finally the last task provided was one which had been classified by the

FdziK2NJ I & Wy20St Qo

After the coders had completed their analysis of the practice tasks, the group shared

their classifications and discussed what features of the skilsgmtation and concept

influenced their coding. This was in effect our pilot coding, in the sense that the coders

were allowed to interact and share their experiences and highlight any ambiguities in

the descriptions of the framework categories. It alsdowkd the opportunity to

emphasise that the three categories were intended to be mutually exclusive and coders
AK2dzf R a0NARGS G2 RAAOGAY3IdZAEAK 0S06SSYy ySA:
WA2YSoKIG y208StQ 2N WwazYSgKpassibg.2 3StQ yR W
4.8.7 Choice of Tasks

To choose the final set of tasks which would be used for the validation of the
framework, | conducted an overview of the novelty of the two topics over the three
textbook series. It was important to choose tasks that wouddrbadily accessible to

new coders and allow them to identify skills quickly without feeling overburdened or

encountering confusion when identifying skills in the worked examples.

When selecting the tasks, | observed that an early section on Differ&slallus of the

Higher Level Text and Tests textbook contained a representative mixture of the three
novelty categories, according to my own results, for coding. To balance this | chose the
Ordinary Level Concise Maths textbook on the topic of Patteragué&hces and Series.

CKAA FSFGAZNBR GFala GKIFIG 6SNB LINBR2YAYLl yif
KFR LINBGAz2dzate OflaaATASR a WwYazYSegKIO y2¢
worked examples, | had to decide on the number of tasks that coders would be

asked to work on. If too many were chosen, it would risk coder fatigue and if an

insufficient number was selected it would be unrepresentative. | opted for 30 tasks. |
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made the decision to abridge the section from Text and Tests by viegdhree tasks.

This gave a total of fifteen tasks on differential calculus. | limited the tasks from Concise
Maths to fifteen on patterns, sequences and series. The final subsample contained tasks
whose classifications were expected to span the thre¢egaries in the Novelty
framework; from the coding of these thirty tasks with my supervisors originally, we had
agreed that 20 were Not Novel, 8 were Somewhat Novel and 2 were Novel. This
suggested that the coders in the workshop would have the opportunitglassify tasks

from each of the three categories of noveltywasll as classifying tasks from both Higher
and Ordinary Level. The 30 tasks that were coded on the day of the workshop, along

with the relevant expository material can be found in Apperdix

4.9 Coding Results
Table lindicates the classification that each coder gave to the specified task.

1= Novel, 2 = Somewhat Novel, 3 = Not NoM€&l = Not Classified
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Task | Original Coder | Coder | Coder | Coder | Coder5| Levels of
Coding by 1 2 3 4 Agreement
author and amongst
supervisors coders

1 3 3 3 2 3 3 4 outof 5

2 2 2 2 2 2 2 5outof 5

3 2 2 2 2 2 2 5out of 5

4 3 3 3 3 3 3 5outof 5

5 2 2 2 2 2 2 5 out of 5

6 3 3 3 3 3 3 5 out of 5

7 3 3 2 2 3 3 3outof5b

8 3 3 3 3 2 3 4doutd5

9 3 2 3 3 3 3 4 outof 5

10 3 3 3 3 3 3 5 out of 5

11 3 2 2 3 2 3 3outof5

12 3 3 3 3 3 3 5outof 5

13 2 2 2 3 2 2 4 out of 5

14 3 3 3 3 3 3 5outof 5

15 3 3 3 3 3 2 4 out of 5

16 2 3 3 2 2 3 3outof5

17 3 3 3 3 3 3 5outof 5

18 3 2 2 3 3 2 3outof5

19 3 2 3 3 3 3 4 out of 5

20 3 3 3 2 3 3 4 out of 5

21 3 3 3 2 3 3 4 out of 5

22 2 2 2 2 3 3 3outofb

23 1 1 1 2 1 1 4 out of 5

24 2 3 3 2 1 2 Split

25 3 3 2 NC 2 2 3outofb

26 2 2 2 2 3 2 4 out of 5

27 3 3 3 3 3 3 5out of 5

28 3 3 2 3 2 3 3outofb

29 3 3 3 3 2 3 4 out of 5

30 1 1 1 2 1 1 4 out of 5

Table 1: Classifications of coders from Novelty framework validation workshop
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Coder Novel Somewhat Novel | Not Novel

Author and| 2 Tasks (6.66%) 8 Tasks (26.66%) | 20 Tasks (66.66%)
Supervisors

Coder 1 2 Tasks (6.66%) 10 Tasks (33.33%) | 18 Tasks (60%)
Coder 2 2 Tasks (6.66%) 11 Tasks (36.66%) | 17 Tasks (56.66%)
Coder 3 0 Tasks (0%) 13 Tasks (43.33%) | 16 Tasks (53.33%)
Coder 4 3 Tasks (10%) 8 Tasks (26.66%) | 19 Tasks (63.33%)
Coder 5 2 Tasks (6.66%) 9 Tasks (30%) 19 Tasks (63.33%)

Table 2: percentage of the 30 tasks in each of the three categories for each coder

The coders were unanimous on 10 tasks out of the total 30, 8 of these were taken from

the Ordinary Level textbdoon Pattern, Sequences and Series while 2 belonged to the
differential calculus section taken from the Higher Level textbook. Of the remaining

tasks, 4 coders out of the 5 agreed on 12 of the tasks with 3 agreeing on 7 tasks. This

meant that a majority otoders classified 29 tasks in the same way. Task 24 was unusual

in that it was the only one that was classified with all three of the novelty categories and

it was the only task not to achieve a majority consensus in its classification. Coder 3 did

Iy @& YWy 23St Qs GKA&a NBadz d
unanimous classification for any task unlike the other two categories. The most common
RAalF3INBSYSyld Ay GKS O2RAy3 0SG6SSYy 1 068S
novSt Qd / 2RSNJ p RSOAFGSR FNRY (GKS YlF22NRGe 0

coder 1 was in the minority four times and Coder 2 had a differing classification to the

notclk aaate araita || a

g1l a

majority three times. In contrast Coder 4 was in the minority ten times while c8der
RAaF3INBSR gAGK (GKS YIFI22NAGeQa OfFaaiAFTAOFI(GAZ2Y
2 KSYy O2YLI NAYy3I (GKS O2RSNBQ OflaaAFAOLIGAZ2Yya |
conjunction with my two supervisors, 10 tasks had absolute agreement between the

coders and ourselvedt was found that4 coders agreed with our classification on

another 12 tasks. For 3 tasks, 3 coders agreed with our original analysis. This meant that

a majority of the coders agreed with our original classification on 25 of the 30 tasks.

There was much lessgreement on tasks 11, 16, 18, 24 and 25. Each of these will be

discussed individually.
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We originally classified task 11 (see exertisesection 9.1lappendix A6 | & Wy 20 vy 2
2yfteée (62 O2RSNAB | ANBSR 6AUK KNRASYROIHY Y
classification, we felt that the concept, skills and method of solution had been modelled
in the worked example provided. The coders appeared to feel that the requirement for

subtraction involved the introduction of a new concept.

With tak 16 Eee exercise 1(i), section 2dppendix A.9 only 2 coders agreed with our

Of FaaAFAOIGAZ2Y GKIFG AG o6l a WwazyYSeogKI O y2@St
Wy2{i y2@0StQd 2KSyYy 2NRAIAYIffe Of | JthcdtasR Ay 3
made the task appear unfamiliar yet its solution was dependent on the use of familiar

skills. A new feature or aspect of a concept is encountered in the sense that the student

has to find the points on the curves given which is not modelletiéretxamples, but the

solution to the task then only involves the use of familiar skills. A minor adaptation of

the method outlined in the examples has to be made in order to get the required
solution. The skills required are familiar but the use or appboeof such skills is slightly

modified. It is likely that the majority of coders felt that it was closely aligned to the

worked examples and the skills were familiar.

The majority of coders also disagreed with our classification of taqleel8 exercis 1

(iii), section 2.1 appendix A6 | & Wy2i y20St Q> o O2RSNAE Of I
y20StQd Ly (GKS 2NARIAAYyLE Fylfearas ¢S TFSti
previous tasks (16, 17) (see exerside(i)and 1 (ii), section 2,lappendix A.5 meant

that the presentation, context and concepts of the task were now quite familiar. Its
solution had been modelled and the skills required were also familiar. It is likely that the
coders focused on the negative rate of change involved, im&img it as the

introduction of a new aspect of the concept here.

In the original analysis, task 24 (see exerd&séi), section2.1, appendix A.p was
flroStftSR a Waz2YSegKIa y20StQd H O2RSNAR TFSf
Wy 2 @Rbiviaysa lot of disagreement. When we classified the task originally, we felt

that the skills required were familiar from preceding exercises but the requirement to

give an estimate of the average rate of growth involved the introduction of a new aspect
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of the concept, which had not been modelled previously. It is likely that the 2 coders
flroSttAy3a Al a Wy2i y20StQ RAR y20 OASs (K
gKAETS GKS O2RSNJ floSttAy3a AG | & findigg2l @St Q RAR

estimate as familiar.

Task 25(see exercise 6i), appendix /) which was based on material familiar from

Junior Cycle brought the greatest disagreement with our classification. Only 1 coder
FANBSR GAGK 2dzNJ f I 6 St ilshfd sciiyod being & Gmitar RdzS G 2
FNRBY WdzyA2N) /80t Sd o O2RSNER FStd GKFG AdG ack
likely due to the introduction of a formula not modelled in the examples and 1 did not

classify it on the grounds that the skillere not familiar from the chapter.

4.10 Inter -rater R eliability
Generalisability, in the sense that results can be replicated and reproduced by others, is

important when seeking to establish that the ratings found are not the idiosyncratic

results of any2 yS A Y RAGARdzZE f Q& & dzo céndRakdds, 2@E8ZRAS Y Sy
Tinsleyand Weiss, 1975). To establish generality, it is necessary to have knowledge of

both inter-rater agreement and interater reliability (Tinsleyand Weiss, 1975). Inter

rater agreemat represents the extent to which the different coders tend to make the

exact same judgements about the subject being rated. tragzr reliability relates to

the extent of variability and error inherénin a measurement (Gisev, Bell and Chen

2013, Tingy andWeiss, 2000).

Recall that the data from the validity workshop is ordinal because there is a natural
2NRSNJ (2 GKS (GSN¥ya wWy20St Q> Waz2YSeKIG y20SH
participated in the validation exercise. The choice of krager agreement and inter

rater reliability indices to be used here was influenced by the nature of the data and the

YdzYo SN 2F O2RSNR Ay@2f OSRd® C2NJ AyaidlyoOoSs 4a:
suitable for exactly 2 raters, while the Intraclass CorretatCoefficient (ICC) requires

interval or continuous data and is not suitable for categorical data or where a rating has

0SSY 2YAGUSR® / 2KSyQa YILILI A& adaidlrotS 2yt

nominal ratings, raters classify subjects im@sponse categories that have no order
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structure. That is, two consecutive nominal categories are considered as being as
different as the first and last categories. If categories can be ordered or ranked, then the
Kappa coefficient could dramatically undeate the extent of agreement among raters

as it treats any disagreement as total disagreement. Because it does not account for
partial agreement, Kappa as proposed by Cohen (1960) is inefficient for analysing ordinal
ratings. Cohen (1968) proposed the gleied version of Kappa to fix this problem but

this only applies to the case of two raters and not multiple ones. Fleiss (1971) and
Jansorandh f 842y ounnm0 SEGSYRSR / 2KSyQa YI LILI ¢
raters, but this$ not suitable foordinal data.Hence, | decided to use average pairwise

percent agreement to examine intdd G SNJ F ANBSYSy{d yR YNLL
examine intefrater reliability. Hripcsakand Heitjan (p.108, 2002) recommend that

pairwise agreement should be reported descriptive agreement measures but not as a

formal reliability measure. Hayeand Krippendorff (p. 82, 2007) outline several
FRGFyidlF3aSa Ay dzaAy3a YNRLIWISYR2NFFQa | f LKIFY
be used for different kinds of varialdencluding nominal and ordinal onesjt can be

used for large or small sample sizes (with no minimum), with the advantage that it can

also be used for incomplete or missing data.

Average pairwise percent agreement is easily calculated and gives sdioation as to
how well the coders agreed on the data coded. To calculate pairwise agreement, the
agreement between a pair of coders is calculated. When working with multiple coders, it
is necessary to find the average pairwise agreement among all ppgsiter pairs. For
example, Coder 1 and 2 agreed on 25 sasat of 30 giving 83.33%. Tablsinmarises

the percent agreement for each pair.
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Pair Percent %
Coders Original and 1 80
Coders Original and 2 76.667
Coders Original and 3 73.333
Codes Original and 4 73.333
Coders Original and 5 83.333
Coders 1 and 2 83.333
Coders 1 and 3 53.333
Coders 1 and 4 63.333
Coders 1 and 5 76.667
Coders 2 and 3 60
Coders 2 and 4 73.333
Coders 2 and 5 80
Coders 3 and 4 50
Coders 3and 5 60
Coders 4ad 5 70

Table 3: Average Pairwise Percent Agreement

To calculate the overall average pairwise agreement, each of the above values was

1056_ 0.70444 or 70.444Y

totalled and divided by the number of pairsl> . Neuendorf
(p.145, 2002) indicates that such statistic would suggest that there was some
agreement amongst the coders but this calculation would not be sufficient to draw
conclusions on its own. We can see from the table that the greatest agreement between
the original coding and the external codexss with coder 5 while the least was with

coders 3 and 4.

Calculating percent agreement has some drawbacks. For example, there is no
comparative reference point to indicate whether the rate of agreement is higher or
lower than chance. As percent agreembds an average, it can neglect to highlight

significant disagreement such as that seen in task 24. Krippendorff (2004, p.426) warns

GKFG AG Aa LkRraaAiroftsS (2 WKARS dzyNStAlIo6tS OF G
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attention given to significantisagreement. Lombard, SnydBuchand Bracken (2002
p.601) also recommend that researchers do not recommend solely on percent

agreement due to this weakness.

YNRLIWISYR2NFFQa adraAradAaro YSIFadiaNBa o020K 2
/ 2 KSy Qavhich lorilyldoks at expected agreement. The basic damiof alpha is

(@]]

given bya =1 B" , Where D, is the observed disagreement among values assigned to

e

the units of analysis an®, is the disageement that would be expectedwhen the

coding of units is attributable to chance rather than to the propertiegh&fse units
(Krippendorff, 2011, p)1 The values range between = 0 which would indicate no

agreement ad a =1 indicating perfect agreement. Krippendorff (2011, p.1) explains
GKIdG ¢6KSy W20aSNBSNAR | ANBSDKESAESAfvihiens 204 S
indicates perfect reliabilit. When observers agree as if chance had produced the results,

D, =D, and a =0, which indicates the absence of reliability.

Gwet (2011) developed a piece of software known as Ageee®tl1, which allows for

the calculation of inteiNJ G SNJ NBf Al 0Af A& O2SFFAOASYGaA A
Excel.! aAy3 (GKAA&A LINPINIYS GKS NBadzZ G F2NJ YN
during the workshop was given as 0.45, which wauldgest that there was a moderate

level of reliability between the coders. This value of 0.45 is unweighted and does not

take into account the nature of the data, whichordinal. Krippendorff (20)Qgives an

account of a weighting scheme which takesoirdccount the metric difference for

ordinal data as opposed to other types of data. Antoine, Villaneau and Lefeuvre (2014, p.

8) point out the advantages of using such weighting as it allows a more accurate
reliability calculation without being affected by KS Ay ¥t dzSy O0S WwW2F 02 Ff
OF 1STI2NASE YR (KS ydzYoSNI 2F O2RSNBQO® LA A

alpha with ordinal weightings, a value of 0.56 was obtained still indicating moderate

reliability.
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Landis and Koch (1977) providaidelines for interpreting such coefficients with values

from 0.0 to 0.2 indicating slight agreement, 0.21 to 0.40 indicating fair agreement, 0.41

to 0.60 indicating moderate agreement, 0.61 to 0.80 indicating substantial agreement,

and 0.81 to 1.0 indating almost perfect agreement. The use of these values is debated

however, and Krippendorff (1980) provides a more conservative interpretation

suggesting that conclusions should be discounted for variables with-rater values

less than 0.67, conclusie cautiously be made for values between 0.67 and 0.80, and
RSTAYAGS O2yOftdzaizya o6S YIRS T2NJ OFfdzzSa 062
0St26 YNRLILISYR2NFFTQa O2yaSNBI GABS @ ftdzSa I N
Krippendorff offers thee cutoffs based on his own work in content analysis while
recognizing that acceptable inteater reliability estimates will vary depending on the

dGdzReé YSGK2Ra YR GKS NBASINOK ljdzSadAiazyQ 61|
020K YNRLIKYRRWEAFDA YR Y20KQa AYUGSNILINBGIGAZY
alpha. Arsteinand Poesio (2008) complain that the lack of consensus on how to

interpret the values of agreement and reliability coefficients is a serious problem with

current practice in eliability testing and they doubt that a single cutoff point is

appropriate for all purposes.

¢2 SELIXIAY (GKS NBfIGiGAGSte 26 YNARLLSYRZ2NFTFC
percentage agreement, it is necessary to consider prevalence. Hrigocghldeitjan

OHnnuO OldziA2y GKFG |y WdzyolflyOSRQ al YLX S
O2STFFAOASYO tA1S 1L FYR YNRLILWISYR2NFFQA | f
IAQGSY on Gl &ala 6AGK H AYUGSYRSRIF& avWwse opb2 08t
This particular selection for the coding sample was made to mirror the larger study of

the textbook analysis that had been completed using the Novelty framework. It would

not have been as representative if an equal 10 tasks from each agtdgal been

selected. The coders were given sections from actual textbooks being used in Irish

Of FaaNR2Ya |yR mn Wy2@0StQ (GFrala ¢SNB y2i Sy
Ay I 28 LINB@GIEtSYyOS 2F Wy20Sft Q tasksdByry | yR |
Bishopand Carlin (1993), along with Cicchedind Feinstein (1990) acknowledge that a

balanced sample is not always possible, which is the case with my sample used for the

validation exercise. Vierand Garrett (2005) and Gwet (2008) pointtahat agreement
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measures can be affected by the prevalence of the finding under consideration. Very low
values of alpha may not necessarily reflect low rates of overall aggee As can be
seenintableI 2y f & O2RSNJ o T Af SBldGB 2odeGtweraéd | y @
complete agreement with the classification originally given by myself and my two
supervisors which would point to high agreement as supported by the pairwise
percentage calculation. It would appear that two of the coders encounter@ues
RAFFAOMzZ G& Ay NBflFOGA2Y (G2 RAaOGAYyIdZAaKAY3I o
Wy 20 y20StQo

However | believe that there is a high level of agreement evident despite the statistic
2001 AYSR 0@ YNALILISYR2NF QA dahcedkshniple and hO K A &
high prevalence of certain categories (Feng, 2012, Byrt et al., 1993). Cichetti and
Feinstein (1990), in additiortFeinstein and Cichetti (199@jiscuss having a high level

of agreement but an apparently lower level of reliabikty a paradox. Gwet (2008) has
developed a different coefficient known a&C, Ay 4§ SYRSR (2 -rab&st | WL
FEOSNYFGABSQ 6DgSOZE HAammI LI O o0& dzaAy3
Gwet, give a more realistic measu figreement by chance and thus solve the issue of

the apparent paradox. This coefficient has been further refined to take into account

various weightings, including those needed for ordinal data. This is knowCasnd it

has theadded advantage in that it can also handle missing ratings. Using the AgreeStat

program, | found the unweighted\C, = 0.61 and the weightedAC, = 0.8 which would

indicate substantial agreement. It should be ndtéhat the weighted ordinal percent
agreement was found to be 0.9 using this program. The differences in the classifications
assigned by the five coders will be discussed using their responses to the questionnaire

and the discussion that ensued after thagssification was complete.

4.11 Questionnaire
The questionnaire consisted of three open ended questions and was designed to gain

insight into the opinions and experiences of the workshop participants in terms of using
the Novelty framework. The three quisns were as follows:
1 Did you find the Novelty framework easy to use? Please outline any difficulties

you encountered.
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1 Do you agree with the descriptions (novel, somewhat novel, not novel) used in
this framework?

1 Any other comments?
The feedback in relan to the Novelty framework was very positive. All five
respondents indicated that the framework was easy to use, noting that the framework
was clearly laid out and that it was easy to identify the features within each category.
Given that it was their fst time using the framework, several reported that it was easy
to follow and offered both useful and interesting insights. However, there was some
difficulty reported in aspects of its application. Coder 3 found it challenging to
distinguish between contd and presentation when using the framework. Coders 1 and
n ¥FStd GKFEG A0 é6la RAFFAOMA G (2 RAAGAYIdzA aK
there is just a slight difference in the presentation of a task. They also reported difficulty
at times wih identifying a new feature or aspect of a mathematical concept when
O2yaARSNAY3I (KS WwWaz2YSgKIiG y20StQ OFiS3a2NE® /
GKS Wy2¢0StQ OFGS3I2NE O2dZ R 6S I RRSR FT2NJ GKS
between diffeent mathematical topics or strands of the syllabus. Coder 5 commented
2y GKS dzaS 2F GKS g2NR WYSGK2RQ> GKFGO Ada
SELX AOAGY WL dzadzZftfte GKAYy]l 2F YSOGK2R & Y!
implemented, ratherthad ¥ 2 NJ SEF YLX S0 |y ARSI 2NJ Iy 2064SN
lff FTAGS NBalLRyRSyda FF3aINBSR gAGK GKS GKNBS F
Wy2(i y20StQ a LINBaSyiSRe ¢KSe RAR y2i ada3
seriously modified, whichsuggests that the participants were able to follow the
descriptions offered and use the criteria as intended.
Coder 1 felt that the framework would be useful for FBervice Teachers (PSTs) who
2F0Sy o0StASOS (KI G Wi SE (fdt2hattha framéBrk Hagra | £ £ A 0 f
lot to offer not only PSTs but also practicing teachers, textbook authors and educational
NE&SHNOKSNE® /2RSNJ o FStd dKIFG GKS FNIYSg2N
analyse the construction of tasks in textbooks dondcritique the choice and order of
GraljaeQ /2RSNBR n FYyR p FStd 0GKIFIG GKS FTNIYSs
for its extension to other work. Coder 5 was particularly interested in identifying a
NBfFGA2YyaKAL)I 0SsSSty, Wy20StQ GFraila FyR RAFTA
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4.12 Group Discussion
The discussion was intended to allow for the expansion of ideas raised in the

guestionnaire and to allow for comments that might not have been expressed in the
guestionnaire. At the beginning of the discussion, the group looketth@tumber of
categories in the Novelty framework and felt that three was sufficient. Those who spoke
on this felt that extending the number of categories to four would be excessive and
would bring added difficulty in applying it, and that the existingethallowed for clearer

distinctions between the categories.

Coder 1 discussed a potential difficulty in trying to abandon personal experience when

using the framework and getting intothe migdS & 2F GKS a0 dzRSyd | RS
of thinkingg Oh b me they look all the same but maybe to a fifteen or sixteen year old
GKS® YAIKOGYQO @e2dz 1y2¢6d L YAIKG areée AdQa vy
RAFFAOMZ 6 dQ / 2RSNI p 3INBSR GKFd AG ol a AYL
student rather than the experienced mathematician. The group concluded that the post

LINAR Y NBE (Sl OKSNIDa LISNELISOGABS OFy 06S OSNE
impact of the appearance of negative numbers rather than positive numbers in an
exercise.This is because researchers at third level could be far removed from the
d0dz2RSy1aQ SELISNASYyOSo LG O2df# R 065 RATFTTAOC

classroom to judge how a student would react to such material.

The merits of the framework were @soted by the group. They felt that aside from
textbook authors and educational researchers, it could be beneficial to teachers and
teacher educators in particular. Coder 1 felt that it would be useful for PSTs to assist
with the selection of tasks for th classroom and to also consider their potential
strengths or weaknesses. Coder 3 added that it could be used as an empowering tool for

teachers when looking at tasks.

4.13 Conclusion
From the Novelty framework validation workshop, it appears that theip@ants felt

that the framework is clearly described and the results show that it can be used
reasonably effectively and reliably. It must be noted that this workshop was held after

the classifications (which will be presented in the next chapter) hashlm®empleted and
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so the recommendations made by participants have not yet been taken into account.
However, the experience has given some indications for modification enfukure.

£ GK2dZAK @I { d&C, ili€ates sbstantl2adiéeDeahtSangaration
must still be given to possible improvements that might be made to the framework to

attain greater reliability in coding.

From the feedback provided, | would implement the following changes to the Novelty
framework. Iwalzi R ' RR Iy | RRAGAZ2YIFf ONRGSNA2Yy G2 G
SEGNY SEIFYLXS Ay (KS wazySgKli y208tQ Of &
earlier syllabus coverage would also be beneficial, especially for coders not familiar with

the conient area being analysed with the framework.

It would be useful to add an extra criterion for when a task requires a connection
0SU6SSY RAFTFSNBYUG YFGKSYFGAOFE (G2LAO0a 2N a
Oft FAaaATAOIGA2Yy ® C2NJ @ritén¥yLdak® ¥ cobhedidh beta@eh NI Y dz& i
RATFSNBYyG aeétftlodza adNIyRa 2N RAFFSNByd Yl
something that the student would not have encountered within the current chapter and

it would benefit the Novelty framework to anticipateich a scenario.

S5Aa0AyIdzZAiaKAY3d o0SG6SSy GKS OFGSI2NARSa 2F W3
concern. The difference between these two classifications can be subtle and it is
important that coders are able to identify features and apply the reté\@assifications

consistently. It appears that the participants were content with the criteria but needed

further examples of how it is applied. Some coders were uncertain as to how to deal

GAGK WLINBaSyiGldAz2yQ | yR WOyl $E F@ NO 202 & ISEF
0SSY LINPOGARSR AYy (GKS ONRGSNAI -g@RANT KR YALISINIK: (L8952
LG ¢2dzZ R 06S O0SYSFAOALFE G2 LINRPOGARS | &AYAf L
phrasing being used from what was encountered befavettgat it is not immediately

obvious that the question involves the same mathematical solution method as previous

j dzSaiA2yaQed ¢KAa @g2dzZ R Faarad O2RSNE sAGK O
OFGS3I2NR YR K2g (2 RAAUGAYIdAAEAK Al FNRY Wyz2i
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In future, when illustrating how | intend the framework is to be applied, it would be
important not only to show how examples and preceding exercises offer modelled
solutions for exercises but also to emphasise how a new aspect of a concept can be
introduced and how a subtle adaption of the solution method can come about. It would
be helpful to highlight when a task is essentially familiar but a new aspect of the concept
has been introduced. Building this into the framework description would assist with

identfe Ay3 Glala GKFG akKz2dZ R 68 Ofl&aaArAFASR | &

| think it would be beneficial to encourage future researchers using the framework to

record their understanding of terminology when working with practice tasks so that the
RSTAYAGA 29/prodided invthe] chitéria & Qot forgotten when coding and allow
AYAGALFE dzaSNAR (2 KIF@S 3IANBFGIGSNI OSNIIFAyGe 6K
also be important to remind this cohort to become familiar with material that students

would encounte on a regular basis in their earlier mathematical experiences so as to

inform their coding. This could be done encouraging researchers to obtain a list of
relevant syllabus coverage from preceding years rather than assuming that users will be
familiar with this kind of material. Steps such as these should help ensure greater
reliability in coding in future. It must also be noted that there may be a flaw in the way
YNRLIISYR2NFFQa FfLKI g2NJa ¢A0GK RFGEF GKIFQ
think it would be useful for future researchers to ensure that the sample of tasks given

to coders is structured so that there are roughly equal numbers of tasks in each equal of
0KS OGKNBS OFdS3az2NARSa 2F Wy20St Q3 waafYSgKI

prevalence are not felt.
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Chapter 5 Results

5.1 Introduction

For this thesis a total of 7635 tasks on two topics from a number of textbooks were
analysed. The textbooks were from three textbook series Active Maths, Text and Tests,
and ConciseMaths. Tasks were analysed from the areas of Pattern, Sequences and
Series, and Diffeintial Calculus. At Hithere are more tasks in the area of Differential
Calculus than Pattern, Sequences and Series. €herge is true at QLwith the
exception of theText and Tests P#ieM textbook, where a greater number of tasks are
assigned in the Pattern, Sequences and Series topic. The number of tasks generally
increagd between the Prd®M and PosPM eras with the exception othe Text and
Tests Hltextbook recoding a decrease in the amount of tasks for both topics and the
Concise Maths textbook experiencing a slight decrease in the number of Differential

Calculus tasks at OL

Active Maths Text and Tests Concise Maths
Higher Ordinary | Higher | Ordinary | Higher | Ordinary
Pattern,
Sequences an{ 316 317 199 175 298 263
Series
Differential
Calculus 536 219 445 211 387 218

Table 4: Pre-PM Number of tasks per topic, level and textbook series

Active Maths Text and Tests Concise Maths
Higher Ordinary | Higher | Ordinary | Higher | Ordinary
Pattern,
Sequences an{ 325 351 194 236 360 368
Series
Differential
Calculus 566 296 437 235 471 212

Table 5: PostPM Number of tasks per topic, level and textbook series
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In this chapter, the results for each framework will now fresented for each of the
textbook series, both before and after the introduction of the Project Maths syllabus.
Each of the frameworks used in this thesis has a specific purpose when it comes to
analysing tasks. Recall that the LCD framework gives insighhow much cognitive
engagement a particular task demands. It allows for the classification of the cognitive
load that is required for the successful completion of a task. The reasoning framework
facilitates an examination of the thought employed byidsnts in relation to the
arguments used in the solving of tasks, characterizing such reasoning as either imitative
or creative reasoning. The Novelty framework looks at the notion of novelty and
measures it in terms of the experience the solver brings tiask.The use of thePM
syllabus problensolving objectives when classifying tasks sheds light on what qualities
the textbooks are trying to develop in relation to the goals of the new syllabus. Finally
raAralAyQa Y2RSt 221 athatatask gré@notésdn i8msafithedzy RS N

learning of a mathematical concept.

5.2 Level of Cognitive Demand
In this section, tasks on Differential Calculus and Patterns, Sequences and Series from

each of the textbook series (Active Maths, Text and Tests, amtig® Maths) are
classified using the Level of Cognitive Demand framework. It should be noted that the
Active Maths textbook series was known as Discovering Maths before the new syllabus
was introduced. The other two series retained their original nan@svoid confusion

the Discovering Maths series will be referred to under the Active Maths headings.

5.2.1 Active Maths

5.2.1.1 Higher Level
A total of 852 tasks were analysed from the {fject Maths textbook Discovering

Maths 4 (Higher Level). The &ms found that 69 (8.1%) were HLD tasks and the
remaining 783 (91.9%) were LLd3ks. For the pod®Mtextbook Active Maths 4 Book 1
(Higher Level), a total of 891 tasks were examined. The analysis categorised these tasks
into 197 (22.1%) HLD tasks a®@t (77.9%) LLD tasks. Tablei®ws the results of the

classification.
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LCD
Pattern, Pattem,
Classification Differertial Differential
. Sequenes PrePM | Sequences PostPM
Active  Maths Calculus Calculus
~ | and Serieg Total and Serieg Total
Textbook Series (PrePM) (PostPM)
(PrePM) (PostPM)
(HD
35 34 69 97 100 197
HLDemand
(11.1%) (6.3%) (8.1%) | (29.8%) (17.7%) (22.1%)
HL Subcategory
. 4 2 6 3 21 24
Doing
) (1.3%) (0.4%) (0.7%) | (0.9%) (3.7%) (2.7%)
Mathematics
HL Subcategory
Procedures with 31 32 63 94 79 173
connectons to| (9.8%) (5.9%) (7.4%) | (28.9%) (14%) (19.4%)
meaning
Lower Level (LL 502 783 466 694
281 (88.9%) 228 (70.2%)
Demand (93.7%) (91.9%) (82.3%) (77.9%)
LL Subcategory
Procedures
_ 502 783 466 692
without 281 (88.9%) 226 (69.5%)
) (93.7%) (91.9%) (82.3%) (77.7%)
connections to
meaning
LL Subcategony 0O
0(0%) 0 (0%) | 2(0.7%) 0 (0%) 2 (0.2%)
Memorization | (0%)
Total 316 536 852 325 566 891

Table 6: Active Maths Textbook Series (Higher Level) Levels of Cognitive Demand
A number ofchisquare tests of independence were completed with=0.0% in order

to examine relationships between variables. For instantethe Active Maths HL
textbook series, there is no significant difference between the old and new textbinoks
relation to the proportions of tasks on each topic, the proportion of tasks is independent
of topic X*(1,N=1743) =0.07,p =0.7. Results of all ckliquare tests of independence
are shown in table 5061 in Appendix BOnly those for which results werd particular
interest will be commented on throughout this chapter.

As the proportios of tasks on the two topics weret significantly different irthe pre-

and postPM textbooks, | combined the tasks from the two topics and tested to see if
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there was aifference in the proportion of HLD tasks in the old and nextliooks. The
postPMtextbook has a higher incidence of Hladks than the prd®Mtextbook and this

difference has been fountb be statistically significant. (see table 50, appendix B).

5.2.1.2 Ordinary Level
For the prePMtextbook Discovering Maths 3 (Ordinary Level), 536 tasks were analysed.

Of these tasks, 23 (4.3%) were categorised as HLD and 513 (95.7%) were lali¢l®d as
For the PosPM Oltextbook Active Maths 3 Book 1, 109 task6.8P6) were found to be

HLD with 538 (83.2%) labelled as LLD.

LCD Pattern, Differertial | PreePM | Pattern, Differental | Post

Classification Sequenes | Calculus Total Sequence | Calculis PM

Active  Maths| and Serieg (PrePM) and Serieq (PostPM) Total

Textbook Serieg (PrePM) (PostPM)

(On

HLD 6 (1.9%) |17 (7.8%) |23 62 (17.7%) | 47 (15.9%) | 109
(4.3%) (16.8%)

HL Subcategory 0 (0%) 0 (0%) 0 (0%) | 0 (0%) 7 (2.4%) 7

Doing (1.1%)

Mathematics

HL Subcategory 6 (1.9%) | 17 (7.8%) | 23 62 (17.7%) | 40 (13.5%) | 102

Procedures with (4.3%) (15.7%)

connections to

meaning

LLD 311 (98.1%)| 202 (92.2%)| 513 289 (82.3%)| 249 (84.1%)| 538
(95.7%) (83.2%)

LL Subcategory 311 (98.1%)| 202 (92.2%)| 513 289 (82.3%)| 249 (84.1%)| 538

Procedures (95.7%) (83.2%)

without

connections to

meaning

LL Subdagory: | 0 0 0 0 0 0

Memorization (0%) (0%) (0%) (0%) (0%) (0%)

Total 317 219 536 351 296 647

Table 7: Active Maths Textbook Series (Ordinary Level) Levels of Cognitive Demand
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Similar to the Higher Level series, the proportion of HLD tasiseter in the post

Project Maths textbook.

5.2.1.3 Comparison of Higher Level and Ordinary Level
Figure 5.1lbelow compares the proportion of tasks each LC@cross syllabus levels for

both pre and posPM textbooks. There is a statistically significiagher proportion é
HLD tasks in the Hiextbook than in the Oltextbook for the postPM Active Mdhs
textbook series (see table 50, appendix Bimilar results were found for ¢hprePM

Active Maths textbook.

Active Maths LCD

W Higher Level Doing Mathematics
Pre PM book Post PM book Higher Level

ProcedureswithConnections

janer Level
80

ProcedureswithoutConnections
W Lower Level Memoriged

60

Percent

20

T T T T
Higher Level Ordinary Level Higher Level Crdinary Level

Level Level

Figure 5.1: Comparison of LCD category proporti ons in HL and OL Active Maths
textbooks for both pre and post -PM eras

5.2.1.4 Comparison of two topics
There is a statistically significant higher proportion of HLD tasks in the topic of Pattern,

Sequences and Series than the topic of Diffe@ntlculus in the HL postM

textbooks.
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Active Maths Higher Level books LCD

W Higher Level Doing Mathematics
Pre PM book Post PM book g Hioher Level

ProcedureswithConnections
Lowver Level
o - - -

B0

ProcedureswithoutConnections
Lower Level Memarised

B0

Percent

407

0 T T T T
Sequences and  Differential Calculus Sequences and  Differential Calculus
Series Series

Topic Topic

Figure 5.2: Comparison of LCD category propor tions per topic in HL Active Maths
textbooks for both pre and post -PM eras
Similar results were found in the pfeM HLtextbook. However the higher proportion of

HLD task# Pattern, Sequences and Series is not statistically significang i@L post
PM textbooks. For the OL pi#eM textbook there was actually a statistically significant
higher proportion of HLD tasks on the topic of different@@lculus(see table 50,
appendix Bfor details).Figure 5.2llustrates the proportions of tasks aach topic in the

HLbooks at the various levels defined in the LCD framework.

5.2.2 Text and Tests

5.2.2.1Higher Level
For the prePM era, the topic of Pattern, Sequences and &envas containedni Text

and Tests 5 (HLDifferential Calculus was coveredliext and Tests 4 (HIA total of 199

tasks were classified in Pattern, Sequences and Series with 445 tasks analysed in the
topic Differential Calculus. Of these 27 (4.2%) w&é 8 aA FTASR | & WLINE (
O2yySoOitAz2zya G2 YSIyAy3aQ yR (G4KS NBYlIAYyAyS3
WLINE OSRdzNBa gA(K2dzi O2yySOuAz2ya G2 YSIyAy3
the postPM textbooks. A total of 194 tasks on fah, Sequences and Series were

classified fron Text and Tests 6 (HUn Text and Tests 7 (H1437 tasks were analysed
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The two topics were combined and tested to see if there was a diffarein the

proportion of HLD tasks in the old and new textbooks. As can be seen in table 51,

appendix B thepost-PM textbook has a statistically significant higher incide of HLD

tasks than the prd®Mtextbook.

LCD
o Pattern, _ _ Pattern, _ _
Classification Differertial Differential | Post
Sequenes PrePM | Sequencs
Text and Tets | Calculus | Calculus PM
~ | and Series Total and Series
Textbook Series (PrePM) (PostPM) Total
(PrePM) (PostPM)
(HD
HLD 14 13 27 75 72 147
(7%) (2.9%) (4.2%) | (38.7%) (16.5%) (23.3%)
HL Subategory:
_ 0 0 0 19 3 22
Doing
) (0%) (0%) (0%) (9.8%) (0.7%) (3.5%)
Mathematics

HL Subcategory

Procedures with 14 13 27 56 69 125
connections to| (7%) (2.9%) (4.2%) | (28.9%) (15.8%) (19.8%)
meaning
LLD 185 432 617 365 484
119 (61.3%)

(93%) (97.1%) (95.8%) (83.5% (76.7%)
LL Subcategory
Procedures

185 432 617 363 482
without 119 (61.3%)

(93%) (97.1%) (95.8%) (83.1%) (76.4%)
connections to
meaning
LL Subcategory O 0 0 0 2 2
Memorization (0%) (0%) (0%) (0%) (0.4%) (0.3%)
Total 199 445 644 194 437 631

Table 8: Text and Teds Textbook Series (HD Levels of Cognitive Demand
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5.2.2.2 Ordinary Level
In the preProject Maths textbook, Text and Tests 3 (Ordinary Level), 386 tasks were

analysed. Of these tasks, 8 (2.1%) of the tasks were categorised as HLD &9t B}

2F (GKS Glala oSNB froSttSR Fa [[5® Db2yS
YFGKSYFGAOaQP -GIKEBS R2NB vy WLt BB 61 & WLINER OSSR«
G2 YSIYyAy3aQ gAGK oty GFatia FyR 2dzad y Ol
coyySOilA2ya (2 YSIyAyIdBM, inthd Olsttdook Relt aridy (i N2 R «
¢Saia o AG 6+a& F2dzyR GKIFG o1 GlFala o671 dy:20
O2yySOiGA2ya (G2 YSIYyAYy3IQ YR non OQHOPH?L ¢
withodziT O2yySOiUA2ya (G2 YSIYyAy3IQo

The proportion of tasks on each topic in the Text and Tests series has not changed
significantly over time. Fohe Text and Tests @&xtbooks, similar to the HL series, the
postPM textbook has a statistically significant hey proportion of HLDasks than the
pre-PMtextbook (table 51, appendix B).
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LCD Pattern, Differertial | PrePM | Pattern, Differental | Post
Classification Sequenes | Calculus Total Sequence | Calculus PM
Text and Testy and Serieg (PrePM) and Series| (PostPM) Total
Textbook Serieg (PrePM) (PostPM)
Oy
HLD 8 37
8 (4.6%) 0 (0%) 13 (5.5%) | 0 (0%)
(2.1%) (7.8%)
HL Subcategory
Doing 0 (0%) 0 (0%) 0 (0%) | 0 (0%) 0 (0%) 0 (0%)
Mathematics
HL Subcategory
Procedures with 8 37
) 8 (4.6%) 0 (0%) 13 (5.5%) | 24 (10.2%)
connections to (2.1%) (7.8%)
meaning
LLD 378 434
167 (95.4%)| 211 (100%) 223 (94.5%)| 211 (89.8%)
(97.9%) (92.2%)
LL Subcategory
Procedures
. 378 434
without 167 (95.4%)| 211 (100%) 223 (94.5%)| 211 (89.8%)
) (97.9%) (92.20)
connections to
meaning
LL Subcategory
o 0 (0%) 0 (0%) 0 (0%) | 0 (0%) 0 (0%) 0 (0%)
Memorization
Total 175 211 386 236 235 471

Table 9: Text and TestsTextbook Series (OL) Levels of Cognitive Demand
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5.2.2.3 Comparison ofHigher and Ordinary Level

Text and Tests LCD
W Higher Level Doing Mathematics
Pre PM book Post PM book Higher Level
ProcedureswithConnections

Lower Level
ProcedureswithoutConnections

- M Lower Level Memorised

o O  —

804

607

Percent

407

204

T T T T
Higher Lewvel Ordinary Level Higher Level Ordinary Level

Level Level

Figure 5.3: Comparison of LCD category proportions for Higher and Ordinary Level
Text and Tests textbooks for both pre and post -PM eras

| found a statistically significant higher proportiohldLD tasks in the Hextbook than

in the OLtextbook for the postPM Text and Tds textbod series. The pr@M Text and
Tests textbook yielded different resultap significant difference was apparent in the
proportion of HLD tasks betweehe HL and Odaf the preProject Maths textbooks (for
details seetable 51, appendix B in both cases the percentage of HlLtasks was very
low. Figure 5.3kompares the pre and posPM textbooks in relation to the different

categories of the LCD framework broken down by syllabus level.
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5.2.2.4 Comparison of two topics

Text and Tests Higher Level Texthooks LCD

Pre PM book Post PM book W amaice

Higher Level
ProcedureswithConnections

Lower Level

EF'rocedureswﬂhomt:onnections
- Lower Level Memorised

1007 e

a0

60

Percent

407

0 T T T !

Sequences and  Differential Calculus Seguences and  Differential Calculus
Series Series

Topic Topic

Figure 5.4 Comparison of LCD category proportions per top ic in the HL Text and Tests
textbooks for both pre and post -PM eras

There is a statistically significant higher proportion of HLD tasks in the topic of Pattern,
Sequences and Series than the topic dfdbential Calculs in the HL posPM textbook.
Similarly, there is a statistically significant higher proportion of HLD tasks in the topic of
Pattern, Sequences and Series than the topic of Diffeaér@alculus in the Hpre-
Project textbook. In contragb the postPM textbooks, there is a statistically significant
higher proportion of HLD tasks in the topic of PatteBequences and Series than the
topic of Differentid Calculus in the OL p#M textbook (see table 51, appendix)B
Figure 5.4lisplays data for the Hiextbooks.

5.2.3 Concise Maths

5.2.3.1Higher Level
A total number of 685 tasks were examined from the Concise Maths series in use before

GKS aeéefftlodza OKIy3aS® hdzi 2F GKSasS dFrailaz
YFGKSYFGAOaQdP ¢KS NBYISAYGMYITAAATA SR Opra0 WILINER C
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had the lowest incidence with 3 (0.4%) tasks, the remaining 109 (13.1%) HLD tasks were

YR Fff 2F GKS ¢«

al GKa

Of FaaAFASR |4 WLINRPOSRAZNBEA gAGK O2yySOGAz2ya
[[5 FYR TMd O0ycdp:20 0 &test witdoSt NeBnnedidns o0& A FA S|
YSIEYAYyIQod
LCD Pattern, Differentia | PrePM Pattern, Differental | PostPM
Classification Sequenes | | Calculug Total Sequencs | Calculus Total
Concise Malis | and Serieg (PrePM) and Serieq (PostPM)
Textbook Serieq (PrePM) (PostPM)
(HD
HLD 17 (5.7%) | 8 (2.1%) 25 (3.6%) | 37 (10.3%)| 75 (15.9%) | 112 (13.5%)
HL Subcategory
Doing 1 (0.3%) 0 (0%) 1 (0.1%) 0(0%) 3 (0.6%) 3 (0.4%)
Mathematics
HL Subcategory
Procedures with
) 16 (5.4%) | 8 (2.1%) 24 (3.5%) | 37 (10.3%)| 72(15.3%) | 109 (13.1%)
connections to
meaning
LLD 281 379 323
660 (96.4%) 396 (84.1%)| 719 (86.5%)
(94.3%) (97.9%) (89.7%)
LL Subcategory
Procedures
281 379 323
without 660 (96.4%) 396 (84.1%)| 719 (86.5%)
) (94.3%) (97.9%) (89.7%)
connections to
meaning
LL Subcategory
0(0%) 0(0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Memorizatin
Total 298 387 685 360 471 831

Table 10: Concise Mahs Textbook Series (H) LCD
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The postPM textbook has a statistically significant higher incidence of HisRs than

the pre-PMtextbook(see table 52, appendB).

5.2.3.20rdinary Level
From the prePMtextbook, 481 tasks were analysed. Of these, 22 (4.6%) were classified

as HLD and the remaining 459 (95.4%) were categorised as LLD. For tReoperst

Maths textbook, a greater number of tasks were analysedh 88 (11.7%) labelled as
HLD and 52 (88.3%) were found to be LLD.

LCD Pattern, Differertia | PrePM Pattern, Differental | PostPM
Classification Sequenes | | Calculug Total Sequencs | Calculus Total
Concise Mathg and Serieg (PrePM) and Serieq (PostPM)
Textbook Serieq (PrePM) (PostPM)
(O
HLD 15 (5.7%) | 7 (3.2%) 22 (4.6%) 22 (6%) 46 (21.7%) | 68 (11.7%)
HL Subcategory
Doing 0 (0%) 1 (0.4%) 1 (0.2%) 0 (0%) 2 (0.9%) 2(0.3%)
Mathematics
HL Subcategory
Procedures with
) 15 (5.7%) | 6 (2.8%) 21 (4.4%) 22 (6%) 44 (20.8%) | 66 (11.4%)
connections to
meaning
LLD 248 211
459 (95.4%)| 346 (94%) | 166 (78.3%)| 512 (88.3%)
(94.3%) (96.8%)
LL Subcategory
Procedures
_ 248 211
without 459 (95.4%)| 346 (94%) | 165 (77.8%)| 511 (88.1%)
) (94.3%) (96.8%)
connections to
meaning
LL Subcagory:
o 0 (0%) 0 (0%) 0 (0%) 0 (0%) 1 (0.5%) 1 (0.2%)
Memorization
Total 263 218 481 368 212 580

Table 11: Concise Maths Textbod Series (OL LCD

In the Conge Maths textbook Olseries, the proportions of tasks per topic is not

independent of the textbok era. Also, the posPM textbook has a statistically higher
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incidence of HLEasks than the prd®Mtextbook (see table 52, appendix) Brhesame is
true at HL

Concise Maths LCD

W Higher Level Doing Mathematics
Pre PM book Post PM book Higher Level

ProcedureswithConnections

Lower Level
ProcedureswithoutConnections

00 _ - - M Lower Level Memorised

80

601

Percent

209

T T T T
Higher Level Ordinary Level Higher Level Ordinary Level

Level Level

Figure 5.5: Comparison of LCD category proportion s for HL and OL Concise Maths
textbooks for both pre and post -PM eras

5.2.3.3 Comparison of Higher and Ordinary Level
There is no statistically significant difference between the proportion @ tdisks in the

HL and Oltextbooks for the posPM Concise Maths textbook seridsee table 52,
appendk B or for the prePM series. Figure 5.8hows that 3.6% of the Htasks and
4.6% of the Oltasks were classifiedsaHLD for the préM textbook. This is in cdrast
to 13.5% of Htasks andlL1.7% of Otasks for the posPMtextbook.

5.2.3.4 Comparison of two topics
A statistically significant higher proportion of HLD tasks in the topic of Differential

Calculus than the topic of Pattern, Sequences and Sevaes found in the HL peBiM
textbook. Similar results we found for the OLpostPM textbooks. Incontrast, a
statistically significant higher proportion of HLD tasks in the topic of Pattern, Sequences
and Series than the topic of Differential Calsulvas found in the HL pieM textbook.

However the higher proportion of HLD tasks in Pattern, SequeandsSeries is not
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statistically gynificant in the OL podPMtextbooks (see table 52, appendix B). Figure 5.6

compares the pre and posPM textbooks at HL

Concise Maths Higher Level LCD

WHigher Level Doing Mathematics
Pre PM book Post PM hook Higher Level
ProcedureswithConnections

Lower Level
ProcedureswithoutConnections

100 - | — - . MLower Level Memorised

807

60

Percent

T T T T
Sequences and  Differertial Calculus Sequences and  Differertial Calculus
Series Series

Topic Topic

Figure 5.6: Comparison of LCD category proportions per topic i n the Concise Maths HL
textbooks for both pre and post -PM eras

5.2.4 Comparing the Textbook S eries
For all three series, more tasks were labelfedHLD in the po$2M textbooks than the

pre-PM textbooks for both syllabus levels. While there has been an increase in the

cognitive demanaf the tasks offered by pod®M textbooks compared to their p#eM

counterparts, particularly in the number of tasks available that involve the use of

WLINE OSRdAzNB&a ¢gA0GK O2yySOGA2ya (2 YSIYyAy3aQsr (f
teachers will hag to look elsewhere or develop their own tasks in order to expose
didzRSyda G2 SELSNASYyOSa 6KAOK g2dx R O2NNEB3
YFEGKSYlIGAOQaQo

For all three series, a higher proportion of tasks were lladeas HLD in the Héxtbooks

than in the OLtextbooks for both textbook eras. However the majority of tagksall
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three postPMtextbooks series dboth HL and Olvere still classiéd as LLD as shown in

figure 5.7 with almost all LD tasks being in the catego®/ LINE OSRdzZNB & G A |
conredil A2y a (2 YSI yikg¢f heésotextbaokshadhdainemarikat tasks.

For the HLbooks, a statistically significant relationship was foubédtween the

proportion of HID tasks and the pogMtextbook series to whit the book belonged. A

similar resultwas found for the Otextbooks(see table 53, appendiX) Blere, the Active

Maths series has the greatest proportion of HLD tasks with 16.8%, the Concise Maths
series has 11.7% while the Text and Tests series has just 7.8% at this level. &here ar
OSNE FS¢ (laia OtraaAraFfFASR a WR2AydinYl 6KSY
Text and Tests Huith 3.5% and the lowesh Text and Tests Qiith 0%.

LCD for post-Project Maths Texthook Series LCD
. . .Higher Level Doing
Higher Level Ordinary Level Mathematics
Higher Level

ProcedureswithConnections
Lower Level

100 - B 5\ ocedureswithoutConnections
M Lower Level Memorised

807

G0

Percent

207

T T T T T T
Active Maths  Text and Concise Active Maths  Text and Concise
Tests Maths Tests Maths

Textbook_Series Texthook_Series

Figure 5.7: Comparison of LCD category proportions per textbook s eries for the post -
PMera

For the HL pré°M series, Active Maths had the highest proportion of HLD tasks
8.1%. In the OL prEMtextbooks, the Concise Maths series had the greatest proportion
of HLD tasks with 4.6%. Iime case of the pré®M HLtextbooks, the relationship
between the textbook series and the proportion of HLD tasks was statistsigHificant.

However, for the OLtextbooks the connection between the textbook series and
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proportion of HLD tasks was not found to be statistically significant (see tB]

apperdix B.

5.3 Creative/Imitative Reasoning
5.3.1 Active Maths

5.3.1.1Higher Level
In Dscovering Maths 4 (Hila total of 852 tasks were analysed. A total of 56 (6.6%) tasks

were classified as CR and 794 (93.4%) as IR. For the textbook in use after the

introduction of Project Maths, 891 tasks were examined with 135 (15.2%) classified as

CRand 756 (84.8%) as IR (table.12

Reasoning Pattern, | Differenti | PrePM Pattern, | Differential | PostPM
Classification | Sequene | al Total Sequence| Calculus | Total
Active Maths|s and| Calculus S and | (PostPM)

Textbook Series (PrePM) Series

Series (HL (PrePM) (PostPM)

Creative 22 (%) | 34 (6.3%)| 56 (6.6%) | 52 (16%) | 83 (14.7%)| 135
Reasoning (CR (15.2%)
Imitative 294 (93%) 502 796 273 (84%) 483 756
Reasoning (IR) (93.7%) | (93.4%) (85.0) (84.8%)
Total 316 536 852 325 566 891

Table 12: Active Maths Textbook Series (HL Types of Reasoning

In the Active Maths Hiextbook series(as shown in table 54, appendiy, Bhere is a

statistically significant higher incidence of CR taskhénpostProject Maths textbook

when @mpared to the prePMtextbook.

5.3.1.2Ordinary Level
For the textbooks in use beforena introduction of PM a total of 536 tasks were

analysed. From these a total of 23 (4.3%) were categorised as CR with 513 @@5IR%

For the Ordinary Level edition published after the introduction of Project Maths, a total
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of 647 tasks were analysed. From this total, 76 (11.7%) tasks were found to involve CR

and 571 (88.3%) ta&s were labelled as IR (table)13

Reasoning
o Pattern, _ _ Pattern, _ )
Clasification Differertial Differential | Post
) Sequenes PrePM | Sequences
Active Maths | Calculus | Calculus PM
and Series Total and Sees
Textbook (PrePM) (PostPM) Total
. (PrePM) (PostPM)
Series (OL
CcR 6 17 23 45 31 76
(1.9%) (7.8%) (4.3%) | (128%) (10.5%) (11.7%)
R 311 202 513 306 265 571
(98.1%) (92.2%) (95.7%)| (87.2%) (89.5%) (88.3%)
Total 317 219 536 351 296 647

Table 13: Active Maths Textbook Series (Ol Types of Reasoning

Forthe Active Maths Olextbook seres, similar tahe HL series, the poftM textbook
has a statistically significant higher incidence of &Rg than the pré®M textbook (see

table 54, appendix B

Active Maths Type_of Reasoning

B Creative Reasoning
Pre PM book Post PM book W imitative Reasoning

100

B0

&0

Percent

40

207

Higher Level Ordinary Level Higher Level Ordinary Level

Level Level

Figure 5.8: Comparison of reasoning proportio ns for HL and OL Active Maths
textbooks for both pre and post-PM eras
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5.3.1.3 Comparison of Higher Level and Ordinary Level
There is no significant difference in the proportion of @@fks between the Hand OL

textbooks for the postPM Active Maths textbook series. Similar results wéyand for
the prePM ActiveMaths textbook,(as shown in table 54, appendix Bigure 5.8hows

the proportion of tasks for both levels the pre and posPMtextbooks.

5.3.1.4 Comparison of two topics
The Oltextbook had a statistically significant higher proportion of CR taskisa topic

of differential calculugtable 54, appendix BJigure5.9 shows the proportion o€CR and
IRtasks forthe Active Maths Otextbooks broken down by topic.

Active Maths Ordinary Level Type_of_Reasoning
B Creative Reasoning
Pre PM book Post PM book W Imitative Reasoning

1007

807

60—

Percent

404

207

Seguences and Differential Seguences and Differential
Series Calculus Series Calculus

Topic Topic

Figure 5.9: Comparison of reasoni ng per topic for OL Active Maths textbooks for both
pre and post-PM eras

5.3.2 Text and Tests

5.3.2.1Higher Level
For the HLlextbook, in the prePM era, 644 tasks were analysed in total. These tasks

were classified as 28 CR (4.3%) and 616 IR (95.7%). In therstapthe postPMera, a
total of 631 task were examined, the classifications were 65 CR3¢p.and 566 IR
(89.7%) (table 14
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Reasoning
Pattern, Pattern,
Classification Differertial Differential | Post
Sequenes PrePM | Sequencs
Text and Tes Calculus Calculus PM
and Series Total and Sries
Textbook (PrePM) (PostPM) Total
) (PrePM) (PostPM)
Series (HL
28 65
CR 15 (7.5%) 13 (2.9%) 42 (21.6%) | 23 (5.3%)
(4.3%) (10.3%)
616 566
IR 184 (92.5%) | 432 (97.1%) 152 (78.4%) | 414 (94.7%)
(95.7%) (89.7%)
Total 199 445 644 194 437 631

Table 14: Text and Tests Textbook Series (HL) Types of Reasoning

The postPMtextbook has a statistically significant higher incidence ofaskstthan the
pre-PMtextbook (table 55, appendix)B

5.3.2.2Ordinary Level
In relation to the Olseries, when mateal from the pest-PM period was examined, 471

tasks were subdivided into 23 CR (4.9%) and 443 %9bIR. The pi#eMtextbooks had
386 tasks analysed, just 8 (2.1%) were classified an@€B78 (97.9%) as IR (table 15).

Reasoning
Pattern, Pattern,
Classification Differertial Differental | Post
Sequenes PrePM | Sequencs
Text and Tests Calculus Calculus PM
and Series Total and Serieg
Textbook (PrePM) (PostPM) Total
(PrePM) (PostPM)
Series (OL
8 23
CR 8 (4.6%) 0 (0%) 7 (3%) 16 (6.8%)
(2.1%) (4.9%)
378 448
IR 167 (95.4%) | 211 (100%) 229 (97%) | 219 (93.2%)
(97.9%) (95.1%)
Total 175 211 386 236 235 471

Table 15: Text and TestsTextbook Series (Ol Types of Reasoning
In the Text and Tests @&xtbook series, the posPMtextbook has a higher incidence of

CR tasks tn the prePM textbook and this was statisticallignificant(see table 55,
appendix B.
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Text and Tests Type_of_Reasaning

B Creative Reasoning
Pre PM book Post PM book M imitative Reasoning

100

80

60—

Percent

40

20

Higher Level Ordinary Lewvel Higher Level Ordinary Level

Level Level

Figure 5.10: Comparison of reasoning proportio ns for HL and OL Text and Tests
textbooks for both pre and post -PM eras

5.3.2.3 Comparison of Higher Level and Ordinary Level
There is a statistically significant higher proport@nCR tasks in the Héxtbook than in

the OLtextbook for the postPM Text and Tests textbook seri@sble 55, appendix B
Figure 5.1G6shows the proprtion of CR and IRasks for each levelra era in theText

and Tests textbook series.

5.3.2.4 Comparison of two topics
There is a statistically significant higher proportion of CR tasks in the topic of Pattern,

Sequences and Series than the topic of differntalculus in the Hhost-ProjectMaths
textbooks. Similar resultaiere found in the prePM textbooks in both theHL and OL
texts (see table 55, appendix).BFigure 5.1loutlines the proportions ofCR and IRor

each topic irthe HLText and Tests textbook series for bahe pre and posPMeras.
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Text and Tests Higher Level Type_of_Reasoning
M Creative Reasoning

Pre PM book Post PM book W imitative Reasoning

1007

80

G0

Percent

40

Sequences and Differential Sequences and Differential
Series Calculus Series Calculus

Topic Topic

Figure 5.11: Comparison of reasoning proportions per topic for HL ~ Text and Tests
textbooks for both pre and post -PM eras

5.3.3 Concise Maths

5.3.3.1Higher Level
For the HL (PM) textbook series, 685 tasks were divided into 25 (3.6%r€R560

(96.4%) R. As for the posPM textbook series, the total number of tasks analysed came

to 831, which were further classified as 84 (10.CR)and 747 (89.9%) IR (tablg.16
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Reasoning
Pattern, Pattern,
Classification Differertial Differental | Post
Sequences PrePM | Sequencs
Concise Mdts Calculus Calculus PM
and Series Total and Serieg
Textbook (PrePM) (PostPM) Total
) (PrePM) (PostPM)
Series (HL
25 84
CR 17 (5.7%) 8 (2.1%) 24 (6.7%) 60 (12.7%)
(3.6%) (10.1%)
660 747
IR 281 (94.3%)| 379 (97.9%) 336 (93.3%) | 411 (87.3%)
(96.4%) (89.9%)
Total 298 387 685 360 471 831

Table 16: Concise Mahs Textbook Series (HD) Types of Reasoning

The postPM textbook has a higher incidence of @®ks than the pré®M textbook
(table 56, appendix)B

5.3.3.2 Ordinary Level
When considering the pré®Mera, 481 tasks from Otextbook chapters were subdivided

into 22 CR (4.6%) and 459 1R.496). In the posPM edition, a total of 580 tasks, were
subdivided into 62 (10.7%)R and 518 (89.3%) IR (tablg.17

Reasoning
Pattern, Pattern,
Classification Differertial Differential | Post
Sequenes PrePM | Sequencs
Concise Mathg Calculus Calculus PM
and Series Total and Serieg
Textbook (PrePM) (PostPM) Total
(PrePM) (PostPM)
Series (OL
22 62
CR 15 (5.7%) 7 (3.2%) 22 (6%) 40 (18.9%)
(4.6%) (10.7%)
459 518
IR 248 (94.3%)| 211 (96.8%) 346 (94%) | 172 (81.1%)
(95.4%) (89.3%)
Total 263 218 481 368 212 580

Table 17: Concise MathsTextbook Series (Ol Types of Reasoning

In the Concise Maths Otextbook series, the posPM textbook hasa statistically
significant higher incident of GRsks than the prd°M textbook (see table 56appendix
B).
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Concise Maths Type_of_Reasoning

M Creative Reasoning
Pre PM book Post PM book W imitative Reasoning

1007

&0

G0

Percent

40—

207

Higher Lewvel Oreinary Level Higher Level Ordinary Level

Level Level

Figure 5.12: Comparison of reasoning proportio ns for HL and OL Concise Maths
textbooks for both pre and post -PM eras

5.3.3.3Comparison of Higher Level and Ordinary Level
There is no statistically significant difference in the proportion of CR tasks between the

Higher Level and Ordinary Level textbooks for the {fsfect Maths Concise Maths
textbook series. Similar results were Und for the preProject Maths Concise Maths
textbook, (table 56, appendix B Figure 5.12shows the proportion of creative and
imitative reasoning for the pre and post Project Maths Concise Maths textbooks at each

level.

5.3.3.4 Comparison of two topics
There is a statistically significant higher proportion of CR tasks in the topic of Differential

Calculus than the topic of Pattern, Sequen@ad Series in the HL pd3i textbook. A
similar resultwas found for the OL poftM textbook. In relation to the p-PM HL
textbooks a statistically higher proportion of CR tasks in the topic of Pattern, Sequences
and Series than the topic of Differential Calculus was fqsed table 56, appendixfBr
details) Figure 5.13%hows the proportion of different reasonirtgpes for each topic in

both erasof the Concise Maths Hextbook series.
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Concise Maths Higher Level Type_of_Reasoning

B Crestive Reasoning
Pre PM book Post PM book [ imitative Reasoning

1007

80

60

Percent

407

207

Sequences and Differential Sequences and Differential
Series Calculus Series Calculus

Topic Topic

Figure 5.13: Comparison of reasoning proportions per topic for Higher Level Concise
Maths textbooks for both pre and post -Project Maths eras

5.3.4 Comparing the Textbook S eries
For the HLpostProject Mathstextbooks, as shown in figure 5. 1the Active Maths

textbook series had the higheptroportion of CR. Concise Maths had the least and this
difference was found to be statistically significgtable 57, appendix)B
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Proportions of reasoning for Higher Level post-Project Maths texthook series

Type_of Reasoning

M Crestive Reasoning
1009 B imitative Reasoning

809

607

Percent

40

204

Active Maths Text and Tests Concise Maths
Textbook_Series

Figure 5.14: Comparison of reason ing proportions for HL post -PM textbook series

A similarresult, (as shown in table 57, appendixahd figure5.15 was found for the OL
textbooks.

Proportions of reasoning for Ordinary Level post Project Maths textbook series

Type_of Reasoning
] M Creative Reasoning
100 B imitative Reasoning

S0

50—

Percent

40—

20—

Active Maths Text and Tests Concise Maths
Textbook_Series

Figure 5.15: Comparison of reasoning proportions f or OL post-PM textbook serie s
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For the prePM HLtextbooks, the greatest proportion of CR tasks was foundhe
Active Maths series, the lowest incidence of CR tasks was found in the Concise Maths
series- again this difference across textbooks was found to be statistically sigmifica

(table 57, appendix)B

Proportions of reasoning for pre-Project Maths textbook series

Lewvel Type_of Reasoning
B B Il Creative Reasoning
Higher Level Ordinary Level E imitative Reasoning
100
20—
-
S 50
(L]
=
)
o
40—
20—
o1
Active Text and Concise Active Text and Concise
Maths Tests Maths Maths Tests Maths
Textbook_Series Textbook_Series

Figure 5.16 . Comparison of reasoning p roportions for pre -PM textbook series

The greatest proportion foCR tasks in the OL pRM textbook series was found in
Concise Maths with 4.6%. The proportion of tasks requiring CRhbigesased since the
introduction of the PMsyllabus, rising from an average over the three textbook series of
4.5% to 11%.

5.4 Novelty
5.4.1 Active Maths

5.4.1.1Higher Level
The Active Maths serieshich was in use for Hhefore the introduction of PMhad a

fF NHS ydzYoSNJ 2F GFalta OfllaaAFTASR a WwWyz2i y?2
WazYSeKIG y20StQ yR Wy20SfQ KIR Iy AYyOARSYy:
textbooks recorded a marked increase in the proportiordbf 2 @St Q (kablg a G y ¢
18:0KS NBflGA2YAKAL 083688y G(KS wy2¢08tieq 27
significant(table 58 appendix B.
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Novelty

Pattern, Pattern,
Classification Differertial Differential | Post
] Sequenes PrePM | Sequencs
Active Maths | Calculus | Calculus PM
and Series Total and Serieg
Textbook (Pre-PM) (PostPM) Total
) (PrePM) (PostPM)
Series (HL
30 78
Novel 9 (2.8%) 21 (3.9%) 23 (7.1%) 55 (9.7%)
(3.5%) (8.8%)
Somewhat 162 170
59 (18.7%) | 103 (19.2%) 73 (22.5%) | 97 (17.1%)
Novel (19%) (19.1%)
660 643
Not Novel 248 (78.5%)| 412 (76.9%) 229 (70.4%) | 414 (73.2%)
(77.5%) (72.1%)
Total 316 536 852 325 566 891
Table 18: Active Maths Textbook Series (HD) Types of Novelty
5.4.1.2 Ordinary Level
For OL, a similar situation to the Mias observed (tabld% ® ¢ K S

LINR LJ2 NI A 2y

Yy20St QX WazyYSgKIOG y20StQ YR Wy2gStQ 6SNB

G§SEG6221a AYUINRRdzOSR G2 YSSi (KS ySSRa 27
Grala AYONBFaSR (2 m: | ydeasadKt® 172%, aheSvask I 4 v
FOO02YLI yYyASR o6& | FLff Ay GKS WwWwy2( y20StQ G
Novelty
Pattern, Pattern,
Classification Differertial Differential Post
Sequenes PrePM | Sequence
Active  Maths Calculus (Pre Calculus PM
and Series Total and Serieg
Textbook Serieg PM) (PostPM) Total
(PrePM) (PostPM)
(HD
26
Novel 1 (0.3%) 7 (3.2%) 8 (1.5%)| 14 (4.0%) 12 (4.1%)
(4.0%)
Somewhat 54 111
29 (9.2%) 25 (11.4%) 41 (11.7%) 70 (23.6%)
Novel (10.1%) (17.2%)
474 510
Not Novel 287 (90.5%) | 187 (85.4%) 296 (843%) 214 (72.3%)
(88.4%) (78.8%)
Total 317 219 536 351 296 647

Table 19: Active Maths Textbook Series (Ol Types of Novelty
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Forthe Active Maths Olextbook series (as seen in tab&8, appendix B the textbook
series has a statistically significant relaioK A L) 6 S 6SSy GKS Wy2@gSt (e
era of the textbook.

Active Maths Maovelty

B Hovel
Pre PM book Post PM book [ Somewhat Movel

I et Novel
N - .

50

60

Percent

40

20

T T T T
Higher Level Ordinary Level Higher Level Ordinary Lewvel

Level Level

Figure 5.17: Comparison of novelty proporti ons in HL and OL Active Maths textbooks
per PM era

5.4.1.3 Comparison of Higher Level and Ordinary Level
¢CKS LINPLERNIAZ2Y 27T (@lQxids inSia:NBsPM Activi IdathsPy 2 @S €

textbooks is not independent of theextbook level. Similar results were found fdret
pre-PM Active Maths textbooks(see table 58, appendix)B Figure5.17 shows a
comparison of the novelty propodns at HL ath OL per PMra.

5.4.1.4 Comparison of two topics
For the OL posPM textbooks, it was found that the proportion of tasks at different

f SpSta 2F Wy20StGeQ gra y24d AYRSLISYRSyld 27F
Of I A& A FASR he @sultfof thél OLypEP K 18xtbOok was similar (see tabks,
appendix B. Figure5.18gives a comparison of the proportion of tasks at different levels

2T Wy2@St (e Q the/ActivekMathdiQieRtbodkseddsOa Ay
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Active Maths Ordinary Level Movelty

W novel
Pre PM book Post PM book W somewhat Novel

I ot Movel
) - - -

50

G0

Percent

407

207

0 T T T T
Sequences and Differertial Sequences and Differential
Series Calculus Series Calculus

Topic Topic

Figure 5.18: Comparison of proportion of novelty categories per topic in the OL Active
Maths pre - and post-PM textbooks

5.4.2 Text and Tests

5.4.2.1Higher Level
For the HLText and Tests series, there was a large increase in the proportion of

WaA2YSGKIG y20St Ql17.894 ia tha PreMBeaiics Vi 28. 59N Yhe

textbooks in use after the implementation of the new syllabus. This corresponded to a
AAYAE I NI RSONBI &S Ay GKS WwWy2i y29StQ Ofl aaa
LINE L2 NI AZ2Y 27T dhimesghiffantyl 8148 RAR y2i

In the Text and Tests Hextbook series, there is a statistically significant relationship

between the novelty of tasks and the textbo@ka (table 59, appendix B). This is a

similar result to the Active Maths series.
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Novelty
Pattern, Pattern,
Classification Differential Differental | Post
Sequenes PrePM | Sequences
Text and Tests Calculus Calculus PM
and Series Total and Serieg
Textbook (PrePM) (PostPM) Total
) (PrePM) (PostPM)
Series(HD
23 24
Novel 12 (6.0%) 11 (2.5%) 8 (4.1%) 16 (3.7%)
(3.6%) (3.8%)
Somewhat 113 180
39 (19.6%) | 74 (16.6%) 54 (27.8%) | 126 (28.8%)
Novel (17.5%) (28.5%)
508 427
Not Novel 148 (74.4%) | 360 (80.9%) 132 (68.1%) | 295 (67.5%)
(78.9%) (67.7%)
Total 199 445 644 194 437 631

Table 20: Text and Teds Textbook Series (HD Types of Novelty

5.4.2.2 Ordinary Level

For the Olseries, the difference between the two editions was much more modest. The
Wy2@dStQ OFGSI2NE AYONBFaSR FTNRY 02
increased from 13% to 13.6%.K S NB O2NNBaLRYyRAY3
y 2 @ 8ate@ry, falling from 86.7% to 83.2%. However, the relationship between
Wy2@StieQ FyR (KS {SElo #iaaft foStiebe OfidxtBiooka i A f
(table 59, appendix)B
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Novelty
Pattern, Pattern,
Classification Differential Differential | Post
Sequenes PrePM | Sequencs
Text and Tests | Calculs | Calculus PM
and Series Total and Serieg
Textbook (PrePM) (PostPM) Total
) (PrePM) (PostPM)
Series (OL
1 15
Novel 1 (0.6%) 0 (0%) 1 (0.4%) 14 (6.0%)
(0.3%) (3.2%)
Somewhat 50 64
35 (20%) 15 (7.1%) 25 (10.6%) | 39 (16.6%)
Novel (13.0%) (13.6%)
335 392
Not Novel 139 (79.4%)| 196 (92.9%) 210 (89%) | 182 (77.4%)
(86.7%) (83.2%)
Total 175 211 386 236 235 471
Table 21: Text and TestsTextbook Series (OL) Types of Novelty
Text and Tests Movelty
Pre PM book Post PM book B et Hovel
Mot Movel

1007

80

60

Percent

404

20

T
Higher Level

T
Ordinary Level

Level

T
Higher Lewvel

Level

T
Ordinary Level

Figure 5.19: Comparison of the proportions of nove Ity in HL and OL Text and Tests
textbooks per PM era
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5.4.2.? Corrvlparisorll of Higher L'evel and Ordinary Leyel . ) i o
¢KS RAAUNRAOdDdzUAZ2Y 2F (Ul ail B not Odgeddant af K& Wy 2 0JS
textbook level for the Text and Tests pdatitextbook series. Similar results wefi@ind

for the prePM Text and Tests textbookésee table 59, appendixX) B-igure5.19gives a

O2YLI NRAazy 2F (KS LINE ligeeNind @rylirdary &€f texthgoRs@ St (1 & Q
per PMera.

5.4.2.4 Comparison of two topics
For the OL posPM textbooks, it was found that the proportion of tasks at different

SgSta 2F Wwyz290StiaeQ s1a y20 AYRSLISYRSyG 27F
fla2aATASR | he cadeyortiie ps® @eSthocke foi tie Hiextbook, the

RATFSNBYG tS@Sta 2F Wy20StieQ 6SNBE F2dzyR y?2
GFrala FNRY tFGGSNYSE {8dSyOsa yR StS 8la  Of

similar statistically significant resultas found for the Olpre-Project Maths textbook,

O ™

(see tableb9, appendix Bor details).Figure 5.20below compares the proportions of
Wy 2 @S thé Bet and yests Higher Level textbooks for bibids pre and postPM

periods.
Text and Tests Higher Level Movelty
M rovel
Pre PM book Post PM book W somewhat Movel
Clriot Movel
B -
&0
E G0
2
L 1]
o

404

20

T T T T
Sequences and Differential Seguences and Differential
Series Calculus Series Calculus

Topic Topic

Figure 5.20: Comparison of novelty proportions per topic in the Text and Tests Higher
Level textbooks per Project Maths era
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5.4.3 Concise Maths

5.4.3.1HigherlLeAV(zI ] i i ] i i ] o
For the HUSEUO2 21 aSNASaz ukKS Waz2yYS agricdtest y 2 @S
difference between the tasks used before (17.4%) and after (22.7%) the syllabus was

® !'a gAOK GKS 20KSNJ aSNASaszs 0KSN
BlrasS Ay GKS Wyz2( y20StQ Ofl aairTi

Novelty
o Pattern, _ _ Pattern, _ )
Classificaibn Differertial Differental | Post
Sequenes PrePM | Sequences
Concise Mdis Calculus Calculus PM
and Series Total and Series
Textbook (PrePM) (PostPM) Total
) (PrePM) (PostPM)
Series (HL
17 47
Novel 9 (3%) 8 (2.1%) 16 (4.4%) 31 (66%)
(2.5%) (5.7%)
Somewhat 119 189
61 (20.5%) | 58 (15.0%) 79 (22.0%) | 110 (23.3%)
Novel (17.4%) (22.7%)
549 595
Not Novel 228 (76.5%) | 321 (82.9%) 265 (73.6%) | 330 (70.1%)
(80.1%) (71.6%)
Total 298 387 685 360 471 831

Table 22: Concise Mahs Textbook Series HL) Types of Novelty

In the Concise Maths Higher Level textbook seriesre is a statistically significant
NBfFGA2YyaKALI 0S06SSy (KS tye6d adpéndxB 2F G ai.
5.4.3.2Ordinary Level i § §

For the Oltextbook series, the incréaS Ay Of I 8aAFAOLFGA2ya F2NJ
slighty greater thanthe Hii SE(i 6221 32Ay3 FTNRY HOp: (G2 cd
OFGS3I2NE Ifta2 AYyONBFaSR 3F2Ay3 FNRY wmnoy:
fell from 82.3% to 74%.
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Novely

Pattern, Pattern,
Classification Differertial Differental | Post
Sequenes PrePM | Sequencs
Concise Mathg Calculus Calculus PM
and Series Total and Serieg
Textbook (PrePM) (PostPM) Total
) (PrePM) (PostPM)
Series (OL
14 39
Novel 7 (2.7%) 7 (3.2%) 19 (5.2%) 20 (9.4%)
(2.9%) (6.7%)
Somewhat 71 112
34 (12.9%) | 37 (17.0%) 63 (17.1%) | 49 (23.1%)
Novel (14.8%) (19.3%)
396 429
Not Novel 222 (84.4%)| 174 (79.8%) 286 (77.7%) | 143 (67.5%)
(82.3%) (74%)
Total 263 218 481 368 212 580

Table 23: Concise Maths Textlmok Series (Ol Types of Novelty

Forthe Concise Maths Qiextbook series, there is a statistically significant relationship

z
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Figure 5.21: Comparison of the proportions of nove Ity in HL and OL Concise Maths
textbooks per PM era
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5.4.3.3 Comparison of Higher Level and Ordinary Level
¢CKS LINPLRNIAZ2Y 2F {dFalia Ay SIFIOK 2F GKS W

textbook level for thepost-PM Concise Mathdextbook series. Sinal results were
found for the prePM Concise Maths textbooiable 60, appendix BFigure 5.21n the
previous sectionA K2 g & LINPLRNIGiaQy ay 29 2 4QoacBs Mathsy R h [

textbooks for boh the pre and posPMeras.

5.4.3.4 Comparison of two topics
For the OL posPM textbooks, it was found that the proportion of tasks at different

f S@gSta 2F WwWy20StieQ gta y20 AYRSLISYRSydG 27
Of I A& A FA S R(sek tableWBy, AappendiXpBRDBreS22 gives acomparison of the
LINELR2 NI AZ2Ya 2F Wy2@0Sft (akSericERbdchiPkrs. / 2y OAasS al

Concise Maths Ordinary Level Movelty

W novel
Pre PM book Post PM book M somewhat Movel

Ol Mot Movel
Ny - .
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G0

Percent

40

207

T T T T
Sequences and Differential Sequences and Differential
Series Calculus Series Calculus

Topic Topic

Figure 5.22: Comparison of the proportion of novelty per topic in the OL Concise
Maths textbook series

5.4.4 Comparing Textbook Series
For the Hltextbooks,i KS KA IKS&ald LINRPLERZNIAZ2Y 2F Wy2@St(

yoy::d ¢SEG YR ¢S&ada KIR GKS 3INBFGSald LINRIL
Il OGA®S al iikKa |fa2 KIR (4KS KAIKSald AyOARSY
more than Concis&laths with 71.6%. For the corresponding textbooks in use during the

period prior to he introduction of PM Text and Tests had the highest proportion of
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Wy2pStQ Glala 6AGK odc:d ¢KS ! O0AQPS al GKa
Wa2YSoKI G yt2aAasSim@ with 1982%.4Thel Concise Maths series had the
IANBFGSaG LISNOSyalras 2F¥ drala tFroSttSR Wy20G vy

9OSNE G(SEGo221 lyrteaSR aK26SR |y AYyONBlIas
categores between the prd®M textbooks and thoseantroduced for the PMsyllabus.

tKAa O2NNBaLRYyRSR (2 | RSONBIFIasS Ay (GKS wyz2i
F2N) Wwy20StQ GFrata Fd I'AIKSNI [ S@St o1 a NBEO2NJ
8.8%, while Text and Tests had the largest differehgé 02 1K G KS WaA2YSGgKI
Wy 20 y2@0StQ OFiSI2NASad wAaAy3d FTNBY mnom: (2
Tyod: (2 cT1m o1 AyYy 200K Sy 204 S f aQidhok DNithlidtidaly BPF W
significant relationship was found between tpeoportion of tasks in each of the three

Wy 2 @S edgbrieandthelithree pod?M textbook series. A similar resulvas found

for the Oltextbooks(see table 61, appendiX B

ForOC G(GKS /2y O0AasS aliKa (SE(0622] Ke7RaidkS KA 3IK
GKS 3INBIFOGSAG ljdzr yaAade LIXFOSR Ay GKS WazyYSgKI
¢Saita GSEG06221 KFR GKS Y2ai83.2% As\wih tl@fHL a3 A FA S
G§SEGo0221 aSNAS&s SIOK 27F (KS ndigcesd&dfinhel y R W& 2
PM textbooks when compared to those used previous to the introduction of the
defflodzad / 2NNBaLR2yRAy3Ifte GKS ydzYoSNI 2F G &f
¢tKS /2y0OrasS alikKa GSEGo221 aK2gSROSEMS 3IANB
classification, rising from 2.9% to 6.7%. The Active Maths series showed the biggest
AYONBIAS Ay (KS Wa2YSgKIG y20StQ OF{idS3azNe 3
fFNBSald NBRAzOGAZ2Y Ay (KS Wy2id 788206 past Of I &4 A T
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cal SA2 NMABSR Y BD S ObdoksC o NélatioksBip wag found between the
Wy 23St & and thd thréel piePMi textbook series. A statistically significant
relationship was found between the proportion of tasks placed in each oftlihee

Wy 20BXI  Gfiohsa@dAh€ prddM Oltextbook series(table 61, appendix)B

5.5 Project Maths Syllabus Problem -solving Objectives
It should be noted that since the PMO categories are not mutually exclusive and thus

tasks could be classified in more thane category the percentages in tables in this

section will not total to 100%.

5.5.1 Active Maths
For the prePM Active Maths textbooks, none of the tasks addressed the objectives

Explain findingsor Communicate mathematics in written fornThe most commn
objective wasdUuse mathematical modeléprmulae or techniques to process information
and to draw relevant conclusionsith 93.5% of tasks classified in this category. The
other objectives had a much lower incidence wilxplore patterns and formulate
conjecturesat 8.3% andh\pply knowledge and skills to solve problems in familiar contexts

at 6.8%.

For the postPM textbook series, all objectives were represented in the set of tasks
classified. There was an increase in the incidence of all of the olgeaxcept for two;
Explore patterns and formulate conjecturiedl to 7.4% and thdJse of mathematical
modelsdecreased to 84.7%. The objectixpply knowledge and skills to solve problems
in unfamiliar contextexperienced the greatest increase goingnfr®.8% to 8.1%. The
objectiveCommunicate mathematics in written forwas still quite low at 3.1%, similarly
Explain findingswas required by just 3.9% of the tasks. Aside from thee of
mathematical models to draw relevant conclusionene of the ProjetMaths problem

solving objectives that were identd exceeded 10%. (See tablg.24

For convenience, each of the objectives will be assigned a number for ease of

representation in the tables as follows:
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U Objective 1 = Explore patterns and formulate jemtures

U Objective 2 = Explain findings

U Objective 3 = Justify conclusions

U Objective 4 = Communicate mathematics in written form

U Objective 5 AApply knowledge and skills to solve problems in familiar contexts,

U Objective 6 = Apply knowledge and skills golve problems in unfamiliar
contexts,

U Objective 7 = Analyse information and translate it into mathematical form,

U Objective 8 = Devise appropriate mathematical models, formulae or techniques
to process information and to draw relevant conclusions,

U Objedive 9 = Select appropriate mathematical models, formulae or techniques
to process information and to draw relevant conclusions

U Objective 10 = Use appropriate mathematical models, formulae or techniques to

process information and to draw relevant concluso

To distinguish between objectives 2 and 3 for classification: explain findings was chosen

if a task asked students to interpret their solutions, while tasks that required students to
provide some proof or evidence were classified in the categqasyfy conclusionsFor
202S0O00APSa p FYR ¢ | WLINRoftSYQ Aa @BASHSR
routine material and requires some engagement on the part of the student in order to
solve it. In relation to the solution method, it involves theeusf skills in a new or at

least different way.
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Active Maths
Pattern, Pattern,
(HL) Differential Differential | Post
sequences PrePM | sequences
Problem: | Calculus | Galeulus PM
and series Total and  series
Solving (PrePM) (PostPM) Total
o (PrePM) (PostPM)
Objectives
o 30 41 71 57 9 66
Objective 1
(9.5%) (7.6%) (8.3%) | (17.5%) (1.6%) (7.4%)
0 0 0 9 26 35
Objective 2
(0%) (0%) (0%) (2.8%) (4.6%) (3.9%)
o 1 5 6 5 18 23
Objective 3
(0.3%) (0.9%) (0.7%) | (1.5%) (3.2%) (2.6%)
o 0 0 0 7 21 28
Objective 4
(0% (0%) (0%) (2.2%) (3.7%) (3.1%)
o 29 29 58 21 44 65
Objective 5
(9.2%) (5.4%) (6.8%) | (6.5%) (7.8%) (7.3%)
o 7 0 7 37 35 72
Objective 6
(2.2%) (0%) (0.8%) | (11.4%) (6.2%) (8.1%)
o 5 0 5 16 14 30
Objective 7
(1.6%) (0%) (0.6%) | (4.9%) (2.5%) (3.4%
o 21 30 51 25 39 64
Objective 8
(6.6%) (5.6%) (6.0%) | (7.7%) (6.9%) (7.2%)
0 4 4 12 34 46
Objective 9
(0%) (0.7%) (0.5%) | (3.7%) (6.0%) (5.2%)
Objective 10 | 295 502 797 282 473 755
(93.4%) (93.7%) (93.5%) | (86.8%) (83.6%) (84.7%)

Table 24: Classification of PMO for HLActive Maths series

In the prePM OlLtextbook (see table 250nly 5 objectives were addressed by the set of
tasks analysed. In particular, there was no evidence of the folloviirgltain findings,
Justify conclusion, Communicate matherositin written form, Apply knowledge and
skills to solve problems in unfamiliar contexts, Analyse information and translate it into
mathematical form Explore patterns and formulate conjectuneas the most common
objective in evidence at 17%2. This can beeen in figure 5.23Note that in this figure

and in the later figures in this section, Objective WB8e appropriate mathematical
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models, formulae or techniques to process information and to draw relevant conclusions
has been omitted. This is to ensureatithe scale allows the other nine objeats to be

compared adequately.

20 Active Maths PréM

15 -

10 - mHL
mOL

. I

0' T |- T T L- |- T

Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.23: Percentage of PMO in the HL and OL pre-PM Active Maths textbook series

For the postPM Oltextbook series all 10 objectives were observed and the incidence of
each ofthese increased except for the following three objectivEzplore patterns and
formulate conjecturesand the two objectivesDevise/Use appropriate mathematical
models, formulae or techniques to process information and to draw relevant conclusions
The mast common objective was thelse of appropriate mathematical modeds 94%

and the objective that was encountered the least vi&edect appropriate mathematical

modelswith 1.2%.

20 Active Maths PosPM
18
16
14
12
10 mHL

mOL

ON MO @
1

Objl Obj2 Obj3 Obj4 Obj5 Obje Obj7 Objg Obj9

Figure 5.24: Percentage of PMO in the HL and OL postPM Active Maths textbo ok
series
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Several objectives had a low incidence (less than 5%), these &rpbain findings,
Justify conclusions, Communicate mathematics in written form, Analyse information and
translate it into mathematical form, Devise and Select mathematical maetsulae or

techniques to process information and to draw relevant conclusions.

Active Maths
Differential Pattern, | Differential
(OL) Problem| Pattern,(Pre Pre PM Post PM
) Calculus (Pr¢ (Post Calculus (Pog
Solving PM) Total Total
o PM) PM) PM)
Objectives
o 92 0 92 64 4 68
Objective 1
(29.0%) (0%) (17.2%) | (18.2%) | (1.4%) (10.5%)
o 0 0 0 15 29
Objective 2 14 (4.0%)
(0%) (0%) (0%) (5.1%) (4.5%)
o 0 0 0 1 9 10
Objective 3
(0%) (0%) (0%) (0.3%) | (3.0%) (1.5%)
o 0 0 0 8 11 19
Objective 4
(0%) (0%) (0%) (2.3%) (3.7%) (2.9%)
o 6 9 15 5 30 35
Objective 5
(1.9%) (4.1%) (2.8%) | (1.4%) | (10.1%) (5.4%)
o 0 0 0 14 39
Objective 6 25 (7.1%)
(0%) (0%) (0%) (4.7%) (6.0%)
o 0 0 0 9 13 22
Objective 7
(0%) (0%) (0%) (2.6%) (4.4%) (3.4%)
Objectiwe 8 6 11 17 8 4 12
(1.9%) (5.0%) (3.2%) | (2.3%) | (1.4%) (1.9%)
o 0 3 4 4 8
Objective 9 3 (0.6%)
(0%) (1.4%) (1.1%) (1.4%) (1.2%)
Objective 10 | 311 205 516 332 276 608
(98.1%) (93.6%) (96.3%) | (94.6%) | (93.2%) (94.0%)

Table 25: Classification of PMO for OLActive Maths series
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5.5.1.1 Comparison of era
For Active Maths Hlan increase in the incidence of all objectives was recorded between

the pre- and postPM eras save foExplore patterns and formulate conjectur@ghich
decreased from 8.3% t6.4%) andJse appropriate mathematical models, formulae or
techniques to process information and to draw relevant concluswhglf decreased
from 93.5% to 84.7%). Figure 5.@6 the next pageeompaes the topic and PMra for
the Active Maths Htextbook.

At OL, an increase was noted in the classification of all objectives with the exception of
three: there was a sizeable decrease Hrplore patterns and formulate conjectures
(17.2% to 10.5%) and very small decreases in the other two objetisesppopriate
mathematical models, formulae or techniques to process information and to draw
relevant conclusionsand Devise appropriate mathematical models, formulae or
techniques to process information and to draw relevant conclusibngould appear
that the new Active Maths textbooks have movéalvards embracing the problem
solving objectives but a decline has been notedErplore patterns and formulate
conjecturesat both levels. The decline at Ordinary Level Devise appropriate
mathematical models, fonulae or techniques to process information and to draw
relevant conclusions of note, suggesting that more tasks meeting this objective will be
required. The decline iklse appropriate mathematical models, formulae or techniques
to process information ahto draw relevant conclusionsould be explained by the

increased diversity of the objectives pres@mthe postPMera.

5.5.1.2 Comparison of topic
At HL, in the posPM era, the incidence of five objectivdsxplain findings, Justify

conclusions, Commicate mathematics in written formApply knowledge and skills to
solve problems in familiar contextand Select appropriate mathematical models,
formulae or techniques to process information and to draw relevant conclusiass
higher in the topic of Difirential Calculus than in Pattern, $®mces and Series. In the
OLtextbook of the same era, the same five objectives with the addition of the objective

Analyse information and translate it into mathematical fommms found to be more
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common in the topic oDifferential CalculugFigure 5.2@&elow compares the tap and

PM era forthe Active Maths Otextbooks.

30 ActiveMaths
HL
25 Topic & Era
20
m PSS Pre-PM
15 - m DC Pre-PM
m PSS Post-PM
10 - m DC Post-PM
5 .
0 i
Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.25: Active Maths (HL) compar ison of topic and PM era
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Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.26: Active Maths (OL) comparison of topic and PM era

At HL, the greatestdifference between topics was found in the objecti#xplore
patterns and formulate conjecturesith 17.5% in Pattern, Sequences and Series and
1.6% in Differential Calawd. Similarly at Othe greatest difference was also to be found
in Explore patternsand formulate conjecturesvith 18.2% in Pattern, Sequences and

Series and 1.4% in Differential Calculus. Given the subject matter of Pattern, Sequences
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and Series, it is to be expected that there would be a greater incidence of this objective.
In contrast the objective Apply knowledge and skills to solve problems in familiar
contextswas mwch more common at Oln the topic of Differential Calculus (10.1%)

when compared to Pattern, Sequences and Series (1.4%).

5.5.1.3Higher Level vs Ordinary Level
All the objectives in the posPM textbook erawere more common at HL than Qlith

the exception of threeExplore patterns and formulate conjecturd®.5% compared to
7.4%),Explain findingg4.5% compared to 3.9%) andise appropriate mathematical
models, fornulae or techniques to process information and to draw relevant conclusions
(94% compared to 84.7%). It is pusing that the Oltextbook offers more opportunities

for the exploration of patterns, the formulation of conjectures and the explanation of
findings when compared to the Htextbook. Again the difference in the objectilése
appropriate mathematical models, formulae or techniques to process information and to
draw relevant conclusion=ould be accounted for by the increasdiversity of the other

problemsolvirg objectives in the Hiextbook.

5.5.2 Text and Tests
For the Text and Tests Héxtbooks (see table 26 all 10 objectives were found to be

present in the material examed from the postPM era. The objective involving the use

of mathematicd models was the most commonly encountered at 89.Z2plore
patterns and formulate conjecturesas recorded at 13% and the proportion of tasks
involving the objectivé\pply knowledge and skills to solve problems in familiar contexts
was 7.6%. Three of thaebjectives had incidences of less than 1% in the tasks examined.
Within the tasks analysed, 0.8% required the explanation of findings, 0.3% needed the
justification of conclusions while 0.5% involved the communication of mathematics in
written form. The ncidence of the objectivddevise mathematical modelsas 3.5%

while that of Select mathematical modelgas 4.8%.
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Text and Testg
Differential Pattern, | Differential
(HL)  Problem| Pattern, PrePM PostPM
) Calculus (Pre (Pog- Calculus
Solving (PrePM) Total Total
o PM) PM) (PostPM)
Objectives
5 0 5 56 26 82
Objective 1
(2.5%) (0%) (0.8%) | (28.9%) | (5.9%) (13.0%)
0 1 1 3 2 5
Objective 2
(0%) (0.2%) (0.2%) | (1.5%) (0.5%) (0.8%)
o 0 0 0 0 2 2
Objective 3
(0%) (0%) (0%) (0%) (0.5%) (0.3%)
o 0 0 0 1 2 3
Objectived
(0%) (0%) (0%) (0.5%) (0.5%) (0.5%)
o 15 11 26 28 20 48
Objective 5
(7.5%) (2.5%) (4.0%) | (14.4%) | (4.6%) (7.6%)
o 0 0 0 6 14 20
Objective 6
(0%) (0%) (0%) (3.1%) (3.2%) (3.2%)
o 0 4 4 10 4 14
Objective 7
(0%) (0.9%) (0.6%) | (5.2%) (0.9%) (2.2%)
Objective 8 15 11 26 21 1 22
(7.5%) (2.5%) (4.0%) | (10.8%) | (0.2%) (3.5%)
o 1 3 4 14 16 30
Objective 9
(0.5%) (0.7%) (0.6%) | (7.2%) (3.7%) (4.8%)
Objective 10 183 431 614 148 415 563
(92.0%) | (96.9%) (95.3%) | (76.3%) | (95.0%) (89.2%)

Table 26: Classification of PMO for HLText and Tests

For the postPM OLText and Tests textbook (see table Rall 10 objectives were found
in the tasks analysed. As with the Higher Level textbookdJdee mathematical models
objective was the most common at 90.2%, whilgstiy Conclusionsvas the least at

0.2%. Howevelt-xplain findingdad a higher incidence at 6.4%.
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Text and Testg
Pattern, | Differential Differential
(OL) Problem PrePM | Pattern, PostPM
(Pre Calculus (Pre Calculus (Post
Solving Total (PostPM) Total
PM) PM) PM)
Objectives
18 0 18 64 16 80
Objective 1
(10.3%) | (0%) (4.7%) | (27.1%) | (6.8%) (17.0%)
1 0 1 20 10 30
Objective 2
(0.6%) | (0%) (0.3%) | (8.5%) (4.3%) (6.4%)
o 0 0 0 0 1 1
Objective 3
(0%) (0%) (0%) (0%) (0.4%) (0.2%)
o 0 0 0 0 12 12
Objective 4
(0%) (0%) (0%) (0% (5.1%) (2.5%)
o 1 0 1 5 14 19
Objective 5
(0.6%) | (0%) (0.3%) | (2.1%) (6.0%) (4.0%)
o 0 0 0 0 3 3
Objective 6
(0%) (0%) (0%) (0%) (1.3%) (0.6%)
I 0 0 0 0 4 4
Objective 7
(0%) (0%) (0%) (0%) (1.7%) (0.8%)
Objective 8 8 0 8 3 2 5
(4.6%) | (0%) (2.1%) | (1.3%) (0.9%) (1.1%)
o 0 0 0 1 17 18
Objective 9
(0%) (0%) (0%) (0.4%) (7.2%) (3.8%)
Objective 10 167 211 378 223 202 425
(95.4%) | (100%) (97.9%) | (94.5%) | (86.0%) (90.2%)

Table 27: Classification of PMO for OLText and Tests

5.5.2.1 Comparison of era
For Textand Tests HLan increase in the incidence of all objectives was recorded

between the pre and postProject Maths eras save f@revise appropriate mathematical
models, formulae or techniques to process information and to draw relevant conclusions
(which cecreased from 4% to 3.5%) abdde appropriate mathematical models, formulae

or techniques to process information and to draw relevant conclusrdmsi{ decreased

from 95.3% to 89.2%).
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At OL a similar situation was noted with a decrease in the incidenteDevise
appropriate mathematical models, formulae or techniques to process information and to
draw relevant conclusionsom 2.1% to 1.1%. The lower incidence of tbigective in
both the HL and OL€ekt and Tests textbooks is of concern as it mighero$tudents less

opportunities to experiment and create their own solution methods.

5.5.2.2 Comparison of topic
At HL, in the posPMera, the incidence of six objectiveéxplore patterns and formulate

conjectures Explain findingsApply knowledge and dld to solve problems in familiar
contexts Analyse information and translate it into mathematical form, Devise
appropriate mathematical models, formulae or techniques to process information and to
draw relevant conclusionand Select appropriate mathematil models, formulae or
techniques to process information and to draw relevant conclusi@ssmore common

in the topic of Pattern, Sequences and Series thafferential Calculus. Figure 5.27

below compares the topicral PMera for the Text and Tests HghLevel textbook.

30
Text & Tests
o5 HL
Topic & Era
20 +—
E PSS Pre-PM
15 +— m DC Pre-PM
PSS Post-PM
10 +— = DC Post-PM
5 o — BN
0 |
Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.27: Text and Tests (HL) comparison of topic and PM era

In the post-PM OLtextbook, four of these objectivesEkplore patterns and formulate
conjectures, Explain findings, Devise appropriate mathematical models, formulae or

technigues to process information and to draw relevant conclusind&/se appropriate
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mathematical models, formulae or techniques to process information and to draw
relevant conclusionsyvere also found to be more common in the topic of Pattern,
Sequencesnd SeriesFigure 5.2&elow compres the topic and PMra forthe Active

Maths Oltextbooks.

30 Text & Tests
OL
25 Topic & Era
20 +—
m PSS Pre-PM
15 +— u DC Pre-PM
PSS Post-PM
10 - m DC Post-PM
5 .
0 i
Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.28: Text and Tests (OL) comparison of topic a nd PM era

At both HL and QLthe greatest difference between topics was found in the objective
Explore ptterns and formulate conjecturggligher Level: 28.9% in Pattern, Sequences
and Series, 5.9% in Differential Calculus; Ordinary Level: 27.P#4ttern, Sequences
and Series6.8% in Differential Calculus). This may be due to the material contained in

the topic.

5.5.2.3Higher Level vs Ordinary Level
Five of the objetives in the posPM textbook era were more comon at HL than QL

Justify conclusion$0.3% compared to 0.2%Apply knowledge and skills to solve
problems in unfamiliar context€3.2% comparé to 0.6%),Analyse information and
translate it into mathematical form 2(2% compared to 0.8%dpevise appropriate
mathematical models, formulae or techniques to process information and to draw
relevant conclusion$3.5% compared to 1.1%gnd Select appropate mathematical
models, formulae or techniques to process information and to draw relevant conclusions
(4.8% compared to 3.8%). It is suging that the OL dxtbook appeas to better

embrace the problensolving objectives oExplore patterns and formatle conjectures,
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Explain findingsCommunicate mathematics in written foripply knowledge and skills
to solve problems in familiar contextnd Use appropriate mathematical models,

formulae or techniques to process information and to draw relevant csiocis.

5.5.3 Concise Maths
All 10 objectives were present in the material analysed from the Concise Maths Higher

Level textbooks in use aftehé introduction of PM The objective with the highest
incidence wadJseappropriate mathematical models, formulae techniques to process
information and to draw relevant conclusioas 92.8%. The next most common was
Apply knowledge and skills to solve problems in familiar contexth 6.7%.

Communicate mathematics in written fonvas the least common with 0.7%.

The materiabnalysed from the Olextbooks, in use after the syllabus change, had all 10
objectives present (see table P9Jse appropriate mathematical modelgas the most
common at 86.6% and the next most common waslore patterns and formulate
conjecures at 14%.The objectiveCommunicate mathematics in written formas the

least common with 0.3%.
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Concise Mathg
Differential Pattern, | Differential
(HL)  Problem| Pattern PrePM PostPM
_ Calculus (Pre (Post Cdculus (Post
Solving (PrePM) Total Total
L PM) PM) PM)
Objectives
0 0 0 7 9 16
Objective 1
(0%) (0%) (0%) (1.9%) (1.9%) (1.9%)
2 2 4 0 11 11
Objective 2
(0.7%) | (0.5%) (0.6%) | (0%) (2.3%) (1.3%)
o 1 0 1 2 6 8
Objective 3
(0.3%) | (0%) (0.1%) | (0.6%) (1.3%) (1.0%)
o 0 0 0 0 6 6
Objective 4
(0%) (0%) (0%) (0%) (1.3%) (0.7%)
o 15 6 21 21 35 56
Objective 5
(5.0%) | (1.6%) (3.1%) | (5.8%) (7.4%) (6.7%)
o 2 2 4 14 23 37
Objective 6
(0.7%) | (0.5%) (0.6%) | (3.9%) (4.9%) (4.5%)
o 2 0 2 13 8 21
Objective 7
(0.7%) | (0%) (0.3%) | (3.6%) (1.7%) (2.5%)
Objective 8 17 8 25 5 4 9
(5.7%) | (2.1%) (3.6%) | (1.4%) (0.8%) (1.1%)
o 0 4 4 2 33 35
Objective 9
(0%) (1.0%) (0.6%) | (0.6%) (7.0%) (4.2%)
Objective 10 281 375 656 344 427 771
(94.3%) | (96.9%) (95.8%) | (95.6%) | (90.7%) (92.8%)

Table 28: Classification of PMO for HLCorcise Maths
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Concise Maths
Differential Pattern, | Differential Post
(OL) Problem| Pattern,(Pre PrePM
Calculus (Post Calculus PM
solving PM) Total
o (PrePM) PM) (PostPM) Total
Objectives
15 1 16 71 10 81
Objective 1
(5.7%) (0.5%) (3.3%) | (19.3%) | (4.7%) (14.0%)
0 0 0 8 6 14
Objective 2
(0%) (0%) (0%) (2.2%) (2.8%) (2.4%)
o 0 0 0 3 13
Objective 3 10 (2.7%
(0%) (0%) (0%) (1.4%) (2.2%)
o 0 0 0 1 1 2
Objective 4
(0%) (0%) (0%) (0.3%) (0.5%) (0.3%)
o 15 6 21 29 45
Objective 5 16 (4.3%
(5.7%) (2.8%) (4.4%) (13.7%) (7.8%)
o 0 1 1 11 33
Objective 6 22 (6.0%
(0%) (0.5%) (0.2%) (5.2%) (5.7%)
o 1 0 1 8 24
Objective 7 16 (4.3%
(0.4%) (0%) (0.2%) (1.7%) (4.1%)
Objective 8 15 7 22 3 15
12 (3.3%
(5.7%) (3.2%) (4.6%) (1.4%) (2.6%)
o 0 0 0 6 25 31
Objective 9
(0%) (0%) (0%) (1.6%) (11.8%) (5.3%)
Objective 10 | 248 211 459 324 178 502
(94.3%) (96.8%) (95.4%) | (88%) (84.0%) (86.6%)

Table 29: Classification of PMO for OLConcise Maths

5.5.3.1 Comparison of era

Inthe Concise Maths Hextbooks, all objectives were fourtd have increased between
the two eras with the exception dDevise appropriate mathematical models, formulae
or techniques to process information and to draw relevant conclusrams{ decreased
from 3.6% to 1.1%) andse appropriate mathematical modeformulae or techniques
to process information and to draw relevant conclusiavtsi¢h decreased from 95.8% to
92.8%).
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At OL an increase in all objectives was noted except for the two objecihezgseand
Useappropriate mathematical models, formulae techniques to process information
and to draw relevant conclusior{slecrease from 4.6% to 2.6% and 95.4% to 86.6%
respectively). The lower incidence of thigevise appropriate mathematical models,
formulae or techniques to process information and to dreslevant conclusions
objective in both the HL and @@oncise Maths textbooks is of concern as it might make
students more dependent on the selection and use of solution methods rather than

experimenting to construct their own.

5.5.3.2 Comparison of topic
At HL, in the posPM era, the incidence of three objectivesnalyse information and

translate it into mathematical formDevise appropriate mathematical models, formulae
or technigues to process information and to draw relevant conclusans Use
appropriate mathematical models, formulae or techniques to process information and to
draw relevant conclusionsere more common in the topic of Pattern, Sequences and
Series tharDifferential Calculus. Figure 5.B@low compres the topic and PMra for

the Textand Tests Htextbook.

30 .
Concise Maths
HL
25 Topic & Era
20
m PSS Pre-PM
15 m DC Pre-PM
PSS Post-PM
10 = DC Post-PM
5
0 |
Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.29: Concise Maths (HL) comparison of topic and PM era

In the post-PM OLtextbook; six objectivegxplore patterns and formulate conjectures,
Justify conclusions, Apply knowledge and skills to solve problems in unfaomnliexts,

Analyse information and translate it into mathematical form, Devise appropriate
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mathematical models, formulae or techniques to process information and to draw
relevant conclusionand Use appropriate mathematical models, formulae or techniques
to process information and to draw relevant conclusiomsre found to be more
common in the topic of Pattern, Sequences and SeRkggpire 5.3Melow compaes the

topic and PM era for the Active Maths @ixtbooks.

30 .
Concise Maths
OL
25 Topic & Era
20
m PSS Pre-PM
15 +— m DC Pre-PM
PSS Post-PM
10 +— = DC Post-PM
5 IJ
0 = T I T I T - T
Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.30: Concise Maths (OL) compariso n of topic and PM era

At HL the greatest difference between topics was found in the objectBalect
appropriate mathematical models, formulae or techniques to process information and to
draw relevant conclusionsvith 0.6% in Pattern, Sequences and Serand 7% in
Differential Calculus. At Othe greatest difference was found in the objecti&plore
patterns and formulate conjecturesith 19.3% in Pattern, Sequences and Series and
4.7% in Differential Calculus. As observed with the other textbook seéhesmay be

due to the material contained in the topic.

5.5.3.3Higher Level vs Ordinary Level
Just two of the obijetives in the posPM textbook era were more common &L than

OL Communicate mathematics in written forif®.7% compared to 0.3%) arldse
appropriate mathematical models, formulae or techniques to process information and to
draw relevant conclusion92.8% compared to 86.5%). Overall, it woajpear that the

OL textbook appeas to better embrace the problersolving objectives than the HL

textbook.
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5.5.4 Comparison of Textbook Series

20 PostPM HL
18
16
14
12 1 m Active Maths
10 -

m Text & Tests
8 |

m Concise Maths
6 |
4 u
2 u
0 .

Objl Obj2 Obj3 Obj4 Obj5 Obj6 Obj7 Obj8 Obj9

Figure 5.31: Comparison of PMO (percentages) post-PM HL textbook series

Figure 5.3labove gives @omparison of the PM@or the postPM HLtextbook series.

The HlActive Maths textbook had the greatest inciae of 7 of the objecties, Text and
Tests HLhad 2 and Concise Maths Higher Level had the highest percentage of one
objective Use appropriate mathematical models, formulae or techniques to process
information and to draw relevantonclusion which is notisplayed in the figure. This
would suggest that out of the three textbook series, Active Maths is the most rounded in

terms of problemsolving objetives at Higher Level.

20 PostPM OL
15 -
m Active Maths
10 -
B Text & Tests
5 . m Concise Maths
0 .

Objl Obj2 Obj3 Obj4 Obj5 Obj6é Obj7 Obj8 Obj9

Figure 5.32: Comparison of post -PM PMO (percentages) OLtextbook series
Figure 5.2 gives a comparison of the PM®@r the post-PM Oliextbook series.

It would appear hat Concise Maths Ohas the greatest blend of problessolving

objectives.
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12 H Active Maths
10 H Text & Tests

: | Concise Maths
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Figure 5.33: Comparison of pre-PM PMO (percentages) HL textbook series

Figure 5.33 iges acomparison of the PMO for the pfeM HLtextbook seriesin the
pre-PM HLtextbook series, Active Maths had the greatest percentages in five objectives
while Concise Maths had the greatest in two. The classificattmmmunicate
mathematics in written formwas not recorded in any of the series. In this era, the Active

Maths textbook was the wst rounded in terms of probleraolving objectives.

Figure 5.34gives a comparison of the PMO for the gP& OLtextbook series. The
objectivesJustify conclusionand Communicate mathematics in written formere not
recorded in any of the Otextbooks. Concise Maths (lad the greatest percentages in
four objectiwes, Active Maths Oland Text and Tests Ohad the greatest in two
objectives each. It would suggest that ti@oncise Maths OL textbook was the most

rounded in terns of PMCat this time.
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Figure 5.34: Comparison of pre -PM PMO (percentages) OLtextbook series

For the three textbook series, all of the material analysed experienced an increase in the
percentage oftasks for seven of the problesolving objectives betweetthe pre- and
postPM eras. In contrast a percentage decrease was found in three objectives. The
objective Explore patterns and formulate conjectuneas found to have decreased for
both the HL andLtextbooks in the Active Maths series, while increasing in the Text and
Tests and Concise Maths seri@gith the exceptionof the Active Maths Hiextbook, a
decrease in the objectivedDevise appropriate mathematical models, formulae or
techniques to proess information and to draw relevant conclusiaras found Finally a
decrease in the objectivese appropriate mathematical models, formulae or techniques
to process information and to draw relevant conclusiares noted in all textbooks.
These results wuld suggest that the textbook series have all improved in terms of
embracing the problemsolving objectives. The decrease idse appropriate
mathematical models, formulae or techniques to process information and to draw
relevant conclusionsuggests thatthe objectives have become more diverse and a
greater proportion of tasks require students to select appropriate solution methods
rather than just using given techniques. However, it is a cause for concerévwide
appropriate mathematical models, forfae or techniques to process information and to
draw relevant conclusiorfgas not been given more attention. It is likely that those using

the material fromthe Active Maths Olextbook or any of the textbooks from the Text
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and Tests and Concise Maths ssrwill need to develop the ability to create their own

solution methods and techniques in some other way.

565 OEOEETI 60 - 01 OEAEI AT OET 1 AderstantidgA1 T &
| did not find any tasks in any of the textboséries, either prd®M or postPM editions,

which addressed the Histof@ulture dimension. For completion, the dimension has
been included in all of the tables that follow even though its incidence is 0%. As was the

case with the PMO framework, it is possible for tasks to be classifietbre than one

category here and so the percentages in the talvtes follow do not add to 100%.

5.6.1 Active Maths
For the HLPrePM textbooks, the proportion of tasks classified in the S¥gbrithm

dimension was quite high (98%) while the propoms of tasks in the Properyroof
(8.2%), Usé\pplication (9%) and Representatitdetaphor (7.4%) dimensions were
much lower. After the introduction of the new syllabus, the proportion of tasks in the
SkiltAlgorithm dimension fell slightly to 95%. Theeatest increase was seen in the
RepresentatioAiMetaphor dimension which rose to 21%. The Propéttgof and Use
Application dimensions recorded a more modest increase by rising to 13.1% and 14.9%
respectively (see table 30For these two dimensions, thresult is surprisinggiven the

focus of PMit might be expected that a greater increase should be noted.
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Usiskin

Multidimensional

Pattern, Pattern,
model Differertial Differential | Post
o Sequenes PrePM | Sequencs
Classification | Calclus | Calculus PM
) and Series Total | and Series
Active Maths (PrePM) (PostPM) | Total
| (PrePM) (PostPM)
Textbook  Series
(HD
_ _ 302 835 316 846
SkiltAlgorithm 533 (99.4% 530 (93.6%
(95.6%) (98.0%)| (97.2%) (95.0%)
38 32 70 75 42 117
Property-Proof
(12%) (6%) (8.2%) | (23.1% (7.4%) (13.1%)
o 9 68 77 31 102 133
UseApplication
(2.8%) (12.7%) (9.0%) | (9.5%) (18%) (14.9%)
Representation 0 63 63 55 187
132 (23.3%
Metaphor (0%) (11.8%) (7.4%) | (16.9%) (21%)
. 0 0 0 0 0 0
History-Culture
(0%) (0%) (0%) (0%) (0%) (0%)
Total Tasks 316 536 852 325 566 891

Table30d, #1 AOOEAEAAOQOET 1 ersighal MQE @FEHE Addive Math®@1 OE AE |

The situation was vensimilar with the OLtextbooks. Again the Skillgorithm

dimension fell sligtly in the postPM editions. he biggest increase was recorded with

the RepresentatiorMetaphor dimension rising to 27.8% from 1.3%, while more modest

increases were noted in the PropeiBroof and Usé\pplication dimensiongsee table

31). It would appear that the Sk#lgorithm isstill the dominant dinension in the post

PM textbooks while a strong increase is evident in the RepntationMetaphor

dimension.
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Usiskin
Multidimensional

Pattern, Pattern,
model Differertial Differential | Post

o Sequenes Pre-PM | Sequencs
Classification | Calculus | Calculus PM
_ and Series Total and Serieg
Active Maths (PrePM) (PostPM) | Total
| (PrePM) (PostPM)
Textbook Series
(On
533 348 630
SkiltAlgorithm 317 (100%)| 216 (98.6% 282 (95.3%
(99.4%)| (99.1%) (97.4%)

20 9 29 49 18 67
Property-Proof

(6.3%) (4.1%) (5.4%) | (14%) (6.1%) (10.4%)

0 47 47 21 82 103
UseApplication

(0%) (21.5%) (8.8%) | (6%) (27.7%) (15.9%)
Representation 0 7 7 95 85 180
Metaphor (0%) (3.2%) (1.3%) | (27.1%) (28.7%) (27.8%)
_ 0 0 0 0 0 0
History-Culture

(0%) (0%) (0%) | (0%) (0%) (0%)
Total Tasks 317 219 536 351 296 647

Table31d, #1 AOOE £E A A Owtitlimendiofal NBoO=EfQy BIE Adbive Maths

5.6.1.1Higher Level vs Ordinary Level
The HLpostPM textbook had a greater percentage in just one dimensicop&ity-

Proof. The OlpostPM textbook had a greater proportion of tasks categorised in the

SkiltAlgorithm, UseApplication and RepresentatieMetaphor dimensions.

5.6.1.2 Comparison of topic
For the prePM Active Maths Htextbook series, only the Properffroof dimension had

a higher incidence in the topic of Pattern, Sequences and Series when compared to
Differential Catulus. In the posPM textbook, the Ski#Algorithm and Property Proof
dimensions had a greater percentage in the Pattern, Sequences ara$ $apic than
Differential Calcwls. All the dimensions in eaclopic recorded an increase in
percentages with the exception of Sidllgorithm which decreased slightly in Differential
Calculus. Fige 5.3502 YLJ- NB&a (GKS Of I & & Aiménsdnal Madlel for2 ¥
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HLActive Maths for topic and textbook era. It should be noted that the-8kglbrithm

dimension has been omitted to preserve the scale of the figure.

35 ActiveMaths
HL

30 Topic & Era

25

20 m Property-Proof
m Use-Application
15 pp
m Representation-Metaphor
10 1 m History-Culture
5 -
0 n T T T

PSS Pre-PAC Pre-PMPSS PostDC Post-PM
PM

Figure 5.35¢, 5 OE OE E iménSional 814dé& EbAHL Active Maths comparing topic
and textbook era.

For the OlActive Maths textbook series, a similar situation was noted. The dimensions
of UseApplication and RepresentatieMetaphor were more common in the topic of
Differential Calculus foboth pre and posPM textbook series. ThdProperty-Proof

dimension was more frequently encountered in the pattern, sequesute series tasks

than the Differential Calculus topic for both eras.
35 ActiveMaths
oL
30 Topic & Era

25

m Property-Proof
20 perty
15 m Use-Application
10 .

= Representation-
5 - Metaphor
0 - . . | History-Culture

PSS Pre-PMDC Pre-PMPSS Post-PIAC Post-PM

Figure 5.36d, 5 OEOEE 1 &rSional ™Mbdél BoA B Active Maths comparing topic
and textbook era.
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5.6.2 Text and Tests
For thepost-PM HLText and Tests textbooks the most common dimension encountered

was SkiHAlgorithm with 95.9%see table 32 The RepresentaticNetaphor dimension

is much less common at 12.8% while the {Agplication and Propertiroof dimensions

are similar with 10.5% and 8.7% respectively.

Usiskin
Multidimensional
Pattern, _ _ Pattern, _ _
model Differential Differential | Post
o Sequenes Pre-PM | Sequencs
Classification | Calculs | Calculus PM
and Serieg Total and Sees
Text and Tets (PrePM) (PostPM) | Total
| (PrePM) (PostPM)
Textbook  Serieg
(HD
192 445 637 173 605
SkilkAlgorithm 432 (98.9%
(96.5%) (100%) (98.9%)| (89.2%) (95.9%)
16 6 22 44 11 55
Property-Proof
(8%) (1.3%) (3.4%) | (22.7%) (2.5%) (8.7%)
o 0 0 0 24 42 66
UseApplication
(0%) (0%) (0%) (12.4%) (9.6%) (10.5%)
Representation 0 26 26 26 55 81
Metaphor (0%) (5.8%) (4.0%) | (13.4%) (12.6%) (12.8%)
0 0 0 0 0 0
History-Culture
(0%) (0%) (0%) (0%) (0%) (0%)
Total Tasks 199 445 644 194 437 631

Table 32: ClassificAOET T 1T £ 5 OE énkidhal Blddel for®L Tk Anf Tests

At OL, the posPM textbook had the presence of the Sidigorithm dimension in
almost eery task with 97% (see table B3'he Usé\pplication dimension was found in
19.3% of the analysed sks. The presence of the RepresentatMataphor and

PropertyProof dimensions were lower at 17.8% and 7.4% respectively.
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Usiskin Pattern, Differertia | PrePM Pattern, Differential | PostPM
Multidimensiona | Sequenes | | Calculug Total Sequences Calculus Total
I model | and Serieg (PrePM) and Serieq (PostPM)
Classification (PrePM) (PostPM)
Text and Testg
Textbook Serieg
Oy
_ _ 175 211 386 236

SkilkAlgorithm 221 (94.0%)| 457 (97.0%)

(100%) (100%) (100%) (100%)
PropertyProof | 11 (6.3%) | 0 (0%) 11 (2.8%) |19(81%) | 16 (6.8%) | 35 (7.4%)

o 0 40 13 78 91

UseApplication 40 (19.0%)

(0%) (10.4%) (5.5%) (33.2%) (19.3%)
Representation | 0 1 1 33 84

51 (21.6%)

Metaphor (0%) (0.5%) (0.3%) (14%) (17.8%)
History-Culture | 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%) 0 (0%)
Tota Tasks 175 211 386 236 235 471

Table33d #1 AOOEAEAAOQET |

5.6.2.1Higher vs Ordinary
The percentages for the Sk#llgorithm, UseApplication and Representatiedetaphor

sidBal M@el OECE Text@nd Teédts OEAE T Al

dimensions wee greater in he OL posPM Text and Testdextbook than the HL

textbooks of the same era. The PropeRyoof dimension percentageas greater in the

HLText and Tests textbooks.

5.6.2.2 Comparison of topic
For the Textand Tests prd®’M HLtextbook series, the proportio of tasks classified in

the SkiltAlgorithm and RepresentatieMetaphor dimensions were more common in

the topic of Differential Calculus, while the percentage for the PropBrtyof dimension

was greater in the topic of Pattern, Sequences aedeS. Inthe postPM era, the

PropertyProof, UseApplication and RepresentatieMetaphor dimensions had greater

percentages in the topic of Pattern, Sequences and Series. ThAI§&rthm dimension

was greater inDifferential Calculus. Figure 5.8bmpares thetopic and era for the

Multidimensonal Model for the HT' ext and Tests textbook series.
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Figure 5.37¢d, 5 OE OE E imérSional ®bdé EoAHR. Active Maths comparing topic
and textbook era.

The dimensions UsApplication and Representatiedetaphor dimersions had a
greater incidence in the topic of Differential I@alus for the prePM Text and Tests OL
textbook. The Property Proof dimension was the only dimension which had a higher
percentage in the topic of Pattern, Sequences and Series. A much higidenice of
UseApplication in Differential Calculus (33.2%) vi@sd in the postPM Text and Tests
OLtextbook when compared to that of Pattern, Sequences and Series (5.5%). However
for the other three dimensions, a higher percentage was recorded in thpéc tof
Pattern, Sequences and Series. Figure 5@8npares the topic and era for the

Multidimensianal Model for the O ext and Tests textbook series.
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Figure 5.384 5 OE OEE1 &mSional ™bdél oA IHLI Active Maths comparing topic
and textbook era.

5.6.3 Concise Maths
Just as with the other twéiL postPM textbook series, the proportion of Skillgorithm

tasks was quite high for Concib&aths with 98.9% (see table B4The UseéApplication
dimension was much lower with 16.4%. The two remaining dsis were much

lower with PropertyProof at 7% andépresentationMetaphor at 6.4%.
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Usiskin Pattern, Differertial | PrePM | Pattern, Differental | Post
Multidimensional | Sequenes | Calculus Total Sequenes | Calculus PM
model and Serieq (PrePM) and Serieg (PostPM) | Total
Classification (PrePM) (PostPM)
Concise Mats
Textbook  Series
(HD

297 387 684 358 822
SkilkAlgorithm 464 (98.5%

(99.7%) (100%) (99.9%)| (99.4%) (98.9%)

12 0 12 26 32 58
Property-Proof

(4%) (0%) (1.8%) | (7.2%) (6.8%) (7.0%

2 29 31 18 136
UseApplication 118 (25.1%

(0.7%) (7.5%) (4.5%) | (5%) (16.4%)
Representation 1 7 8 7 46 53
Metaphor (0.3%) (1.8%) (1.2%) | (1.9%) (9.8%) (6.4%)
_ 0 0 0 0 0 0
History-Culture

(0%) (0%) (0%) | (0%) (0%) (0%)
Total Tasks 298 387 685 360 471 831

Table34qd #1 AOOEAEAAOEI | ersighal MQIEl @EHE Cdncse Maihs OE AE |

Similar to thepre-PM OLText and Tests textbooks, the corresponding Concise Maths

textbooks were all found to involve the Siligorithm dimension. The renrang

dimensions were distributed as followed: PropeRyoof with 7.7%, UséApplication

with 8.9% and Representatievietaphor at 4.2%. As ith the other postPM textbook

series, the proportion of SkiRlgorithm fell and the other three dimensions rosdeT

SkiltAlgorithm dimension decreased to 94.7%. A slight increase in the Prepetf

dimension was recorded, rising from 7.7% to 8.6%. The other two dimensions showed

much larger increases: Uggplication rose to 21.7% from 8.9% and Representation

Metaphor climbed ® 20.9% from 4.2% (see table)35
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Usiskin
Multidimensional
Pattern, _ ) Pattern, _ )
model Differential | Pre- Differental | Post
o Sequenes Sequencs
Classification | Calculus PM | Calculus PM
) and Serieg and Series
Concise Mathg (PrePM) Total (PostPM) Total
| (PrePM) (PostPM)
Textbook  Serieg
(On
_ _ 218 481 549
SkiltAlgorithm 263 (100%) 355 (96.5%) 194 (91.5%
(100%) (100%) (94.7%)
33 4 37 22 28 50
Property-Proof
(12.5%) (1.8%) (7.7%) | (6%) (13.2%) (8.6%)
o 0 43 43 69 57 126
UseApplication
(0%) (19.7%) (8.9%) | (18.8%) (26.9%) (21.7%)
Representation 0 2 2 85 36 121
Metaphor (0%) (0.9%) (4.2%) | (23.1%) (17%) (20.9%)
_ 0 0 0 0 0 0
History-Culture
(0%) (0%) (0%) | (0%) (0%) (0%)
Total Tasks 263 218 481 368 212 580

Table 35: Classificaton o/E 5 OE OE E1 thsonal NiodeDfer ©E CoAcise Maths

5.6.3.1Higher Level vs Ordinary Level
For thepostPM HLConcise Maths textbooks, only the Skilgorithm dimension had the

greatest incidence whewgompared to the OL textbooks. The @ixtbooks apear to

offer a greater range of learningrdensions than the Hanes.

5.6.3.2 Comparison of topic
In the HL Pré°®M Concise Maths textbook series, the PropePipof dimension was the

only one with a greater percentage in the topic of Pattern, SequencdsSamies. The
dimension of Usé\pplication was much more evident in the topic of Differential
Calculus (25.1%) when compared to that of Pattern, Sequences and Gétipfor the
postPM Concise Maths Higher Level textbook series. Similarly the Representat

Metaphor dimension had a greater percentage in Differential @adcfor the same era.
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Figure 5.39compares the topic and era for the Multidimeosal Model for the HL

Concise Maths textbook series.

35 Concise Maths
30 _HL
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Figure 5.399, 5 OE O E E IménSional ®bdé& EbAHEL Concise Maths comparing topic
and textbook era.

A similar situatio exists for the OL Concise Maths pB#f textbook series. The
percentage of tasks classified in the tAggplication dimension was greater in the
Differential Calculus topic (26.9%) whesmpared to the Pattern, Sequences and Series
topic (18.8%). The ProperBroof dimension was also more evidemt Differential
Cdculus. In the prd®M Concise Maths textbook series, the percentage of -Use
Application dimension was relatively high at 19.@d was much greater than the
corresponding proportion of tasks on thepic of Pattern, Sequences @rseries at 0%.
Figure 5.40compares the topic and era for the MultidimensanModel for the OL

Concise Maths textbook series.
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Figure 5.40 5 O E O E hiltidéméns {ional Model for OL Concise Maths comparing topic
and textbook era.

5.6.4 Comparison of Textbook S eries

30
25 PostPM HL

m Active Maths

B Text & Tests

m Concise Maths

Figure 5419 #1 1 PAOEOIT 1T | £ 5 OE Qéefdgés)Oin postiPMT GIET T O
textbook series

Figure 5.41compares the incidence of Uslsk/ Q & nsiéhs i $he three Hiextbook
series for the postPM era. The Skihlgorithm dimension had the greatest incidence in
Concise Maths, the ProperBroof dimension was encountered most often in Active
Maths, the greatest proportion of tasks involg the UseApplication dimension was

found in Concise Maths.
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Active Maths had thegreatest proportion of the SkiAlgorithm, PropertyProof and
RepresentatiofiMetaphor dimensions. The Concise Maths series had the greatest

percentage of tasks classified in the Lggplication dimension.
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textbook series. In the prd°®M HLtextbook series, Active Maths had the greatest
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incidence of the PropertfProof, UseApplication and RepresentatioiMetaphor

dimensions, while Concise Maths had the greatest incidence of theA&jolithm

dimension. Figure 548 A @Sa | O2YLJ}I NAazy 27T ppEM@ALl Ay Qa R
textbook series. The greatest percentage of tasks classifedPrapertyProof and
RepresentatioAVietaphor were to be found in the Concise Maths textbook series. The

highest proportion of the Skil\lgorithm dimension was to be found in the Text and

Tests pe-PM Oltextbook series.
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Figure 5.44: Comparison of Usiskil 6 0 AEI AT OEI 10 | prAdeM DL OACAOQ
textbook series

Each of the posPM textbook series, regardless of level, recorded a decrease in the
proportion of the SkitlAlgorithm dimension when the tasks from the pé&toject Maths
series were compared tthose from the pre Project Maths series. None of the tasks in
any of the textbook series examined were found to incorporate the Histhriyure

dimension.

In this chapter, | have given the results of my analysis of textbook tasks using the five

frameworks outlined in ChapteB. Inchapter?, | will discuss these results.
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Chapter 6 Task Design

6.1 Introduction

In this chapter, | will provide examples of the types of tasks that | have designed in
response to my findings on current textbook tasks, accanipd by a classification of
GKSasS Grala dzaiy3a GKS [S@Sta 2F [/ 23yAdAro
FNFYSE2N] Z !'aralAayQa YIFOGKSYFGAOFE dzyRSNBEUGI
problem-solvingObjectives framework. | will describe a workshopvéiich a selection of

the tasks designed for this project was independently evaluated with respect to the

Levels of Cognitive Demand framework and the Project Mathsblemsolving

Objectives framework. Preparations for the workshop and how the workshop wa
O2yRdzZOGSR N3 RSAONAOSR® ¢KS NBadzZ da 27F GF
are presented and analysed. Amendments to the workshop tasks are also outlined in

light of feedback from the participants along with rationales for the changes.

Clas#ications for these amended tasks are also provided.

When contemplating the design of tasks, | considered the results of the classification of
textbook tasks. As can be seen in the previous chapter, my analysis suggests that there is
a need for greateppportunities to engage in creative reasoningdim mathematicsand

work with procedures connected to underlying mathematical meaning. Students need
more opportunities to work with proofs and consider the history and/or culture of
mathematics. My classtfation of tasks in textbooks currently available showed that
several Project Maths objectives are neglected in the textbook tasks and more tasks
need to encourage students to justify their conclusions, explain their findings and
communicate mathematicallySimilarly tasks need to engage students with analysing
information in written form and to ask them to translate this into mathematical form. It

is also important that students are required to select and devise mathematical models

rather than just using wg familiar models.

6.2 Designed Tasks
Modifications of existing Textbook Tasks

| began by augmenting existing textbook tasks in order to address neglected areas.

Before redesigning the tasks being attended to, | identified the areas that | wanted to
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target in each such as increasing the level of cognitive demand, incorporating creative
reasoning, involving the ProperBroof or HistoryCulture dimensions, or placing a
greater emphasis on explaining findings and justifying conclusions. Often, in order to
scaffold tasks or to introduce the student to a concept, it was necessary to begin with
more straightforward procedural parts before increasing the complexity of the later
parts. The design effort was an iterative process where | repeatedly consideretievhet
the new tasks actually achieved what was intended and whether further alterations
would lead to greater opportunities to address the deficiencies that were identified in

the textbook tasks.

The example that follows (to which | added four newly destgsubtasks) is drawn
from the topic of Pattern, Sequences and Series. The original exercise is given and a
description of how it has been adapted is provided. My classifications for the designed

tasks are provided in a table directly after the given task
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Example 1 (Workshop Task 2) Question 10 Text and Tests 6 Exercise 4.1 pg. 138

The first terms of the Fibonacci sequence are given below.
n M2 MX HX 02 p2 y2 MO2Z HMZ X ©®
(i) Describe in words how the sequence is formed.
Hence writeout the next four terms in the sequence
| extended this task by adding on four new parts({i))
(i) Choose any four consecutive Fibonacci numbers. Add the first and last terms from
your selection, then divide by 2. Repeat the process again with fbar obnsecutive

Fibonacci numbers, and then another four.

(i) What do you notice in part (ii)?
(iv)  Can you justify your observation mathematically?
(V) In nature, the head of certain flowers and vegetables can also involve
Fibonacci numbers, this involves oting the number of seed heads ineth
plant that form aspiralling pattern. Using the internet, find the name oime

such flowers/vegetables armbmplete the table below.

Flower/Vegetable Name

Number of seed heads in spiral

Task | LCD Reasoning i aAai APMO
Label Model
1 (ii) | Procedures without Imitative Skilt Use Model
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connections to meaning | Reasoning Algorithm

1 (iii) | Procedures with Creative Property Communicate
connections to meaning | Reasoning Proof Mathematics

Explore Patterns

1 (iv) | Doing Mathematics Creative Property Justify Conclusiong
Reasoning Proof Apply Knowledge
Devise Model
1 (v) | No classification No History No classification

classification Culture

Table 36: Classifications of example 1

6.2.1 Original Designed Tasks
| designed eight original tasks, four from the topic of Pattern, Sequences and Series and

four from Differential Calculus. My aim was to provide greater opportunities for
atdzRSyida G2 Sy3ar3asS Ay GlFraita NBLJAANNWR GKS
WLINRE OSRdAzNB&a gAGK O2yySOGAz2ya (2 YSIYyAy3aQ of
f Saa FTNBldsSSyilte 20aSNISR Ol 1 STI2Nw®Band2 F | aAa
History-Culture, as well as those categories of the PMO framework that appearked

neglected such aBxplain findingsJustifyconclusionand Communicate mathematics in

written form. It should be noted that it would be very difficult for one task to meet all

such criteria, so very often a certain category was targeted when dasgignparticular

task. To augment the task in section @2d also to design new tasks, | made use of

{6y YR . dzNJ K lpgeR ésCo@scribed mnsection 2.g\dag/ farticular

attention to making the tasks of interest to students. This featuréask design has also

been recommended by Chapman (2013). For my tasks | encouraged students to use the

internet, observe patterns in nature and write a line of poetry. These features not only
incorporate authentic contexts but are intended to show stutdehow the mathematics

involved can be of use in the world around them and the tasks are linked to other

subjects that might be of interest. Another concern was to take into account the

different abilities of students that would be attempting the tasks @aoensure that the
YFEGSNAREFE Ay GKS GlFrala g2dZ R 60S | 0O0SaairofSo
OHnmMpUL FTROAOS KSNB (G2 &adNMHzOGdzNB GKS dFaia
f SINYSNE OFy &aSS GUKAA& YR (.KGrieBthd&Wilya 2F ac
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across the set of tasks so that it did not become repetitive yet it was not overly difficult
while encouraging the use and application of mathematical thought. This often required
careful scaffolding so that students could be guidéowards the appropriate
investigation of concepts, for example beginning a set of tasks with imitative reasoning
before introducing the requirement for creative reasoning. Mason and Johrafibcher
6HnANnI L cuv NBO2YYSyYyR (i 2in odarSo réalisatd mang R S O 2
goals as possible. | found this to be true; for example, when designing tasks to address
the lack of the HistonCulture dimension, often it was not possible to meet the
deficiencies from the other frameworks, thus it was nesgy to include other material

in preceding parts of the task to promote creative reasoning and provide opportunities
to meet a greater viaety of Project Maths problersolving objectives as can be seen in
example 1. However, as can be observed in exariplé was not always possible to
achieve this and targeting the Histe@Gulture dimension here did not allow for an

extensive inclusion of other framework categories.

Example 2
Line 1

Line 2 Now

Line 3 Here,

Line 4 Always,

Line 5 Powerful,

Line 6 Growinggracefully:

Line 7 Maths nurturing the poetry

0] Count the number of syllables in each line of the above poem, write them as a
sequence.
(i) What type of sequence is this?

(i)  Create a suitable line for the poem so as to continue the sequence.

Task LCD Rea®ning l aAailA|PMO
Label Model
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2 (i) Procedures withoul Imitative Skilt Use Model
connections to meaning Reasoning Algorithm
2(ii) Memorization Imitative History Explore
Reasoning Culture Patterns
2 (i) Procedures withoul Imitative Skilt Use Model
connections to meaning Reasoning Algorithm
History
Culture

Table 37: Classifications of example 2

Example 3 (Workshop task 1)

A display of cans on a supermarket shelf consists of 15 cans on the bottom, 13 cans in

the next row, and so on in an arithmetic segoe until the top row has 9 cans.

0] Can you suggest two other arithmetic sequences for arranging the
cans on the shelf?

(i) Explain how you found the sequence

Task LCD Reasoning i aAailAyPMO
Label Model
3 (i) Doing Creative Property Apply knowledge
Mathematics Reasoning Proof Analyse Information
Use Explore patterns
Application Devise Model
3 (i) Doing Creative Property Explain Findings
Mathematics Reasoning Proof Communicate
Mathematics

Table 38: Classifications of example 3

Example 4
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The first and farth terms of an arithmetic series are a and b respectively. The sum of the

first n terms of this series is denoted 8y. Find S; in terms of a and b.

Task | Level of Cognitive Demand Reasoning Usiskim a PMO

Label Model

4 Procedures with connections { Creative Skilt Devise
meaning Reasoning Algorithm Model

Table 39: Classifications of example 4

Example 5 (Workshop task 3)

A ball is thrown upwards from ground level and rises to a height of 15 metres.itOnce

reaches this height, it falls and strikes the ground and bounces to 60% of its previous

height. It repeats the process, each time bountm@§0% of the previous height.

(i)

(ii)

(iii)

Find the total distance travelled by the ball by the time it bounces for the fifth

time. Give your answer to two decimal places.

WSGNAGS GKS

instead of decreasing. What would be the total height after five bounces in

j dzS&aiArz2y

F62@3S az

this situation? (Give your answer to two decimal places)

If the ball from part (i) was caught on the third bounce, how high would the

ball have to rise to on the first bounce in order for the total distance travelled

to be 98 metres after three bounces?

aKI G

Task

LCD

Reasoning

PMO
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Label Model
5(i) | Procedures with connections t Imitative SkiltAlgorithm | Apply Knowledge
meaning Reasoning Use Analyse
Application Information
Select Model
5 (i) | Procedures with connections t Imitative SkiltAlgorithm | Apply Knowldge
meaning Reasoning Use Analyse
Application Information
Select Model
5 (iii) | Procedures with connections t| Creative SkiltAlgorithm | Apply Knowledge
meaning Reasoning Use Analyse
Application Information
Select Model

Table 40: Classifications of example 5

Example 6
Let f be the functio f(x) =x* - 2x -3 and g be the function g(x) =-2x

(i)

(ii)

(iii)

Using the same axes and scales, draw the graph of f and the graph of g, for

4 8

You now have a graph of a function and its derivative. Identify which is the
function and which is the derivative, giving at least two reasons to support

your choice.

Describe the behaviour of the curve y=f(x) when:

g > 0
g < 0
9=0
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Task | LCD Reasoning |} aAal Ay Q|PMO

Label

6 (i) | Procedures withoul Imitative Representation | Use Model
connections to| Reasoning | Metaphor
meaning SkiltAlgorithm

6 (i) | Procedures  with Creative Representation | Communicate
connections to| Reasoning | Metaphor Mathematics
meaning Propety-Proof Justify

Conclusions

6 (iii) | Procedures  with Creative Representation | Devise Model
connections to| Reasoning | Metaphor Explore
meaning Patterns

Table 41: Classifications of example 6

Example 7 (Workshop task 4)

() YouaregSy GKS 3ANI LK 2F 7 6E0 062083
RN} ¢ GKNBS Ll2aaAraofsS INILKEA 2F FTQOEOL D

(ii)

(iii)

Use your knowledge of derivatives to draw three possible graphs of f(x).

Justify why you have drawn the graphs in this way.
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Task LCD Reasoing laAalAyQalPMO
Label

7 (i) Doing Creative Representation Explore Patterns
Mathematics Reasoning Metaphor Apply Knowledge

Devise Model
7 (i) Doing Creative Representation Explore Patterns
Mathematics Reasoning Metaphor Apply Knowledge

Devise Model

7 (i) Doing Creative Property-Proof Justify Conclusions
Mathematics Reasoning Communicate
Mathematics

Table 42: Classifications of example 7

Example 8 (Workshop task 5)

The functionf & ) is defined for a¥i R .
Graphs off % ) [the curve] arfd X'( ) [thee] are showr

10

0] Using the diagram above, find the stationary poiotg$ (x)
(i) Identify them as maximum or minimum points.

(i) Justify your answer.
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Task | LCD Reasoning |} aAal Ay dPMO

Label

8 (i) | Doing Mathematics Creative Representation | Apply
[Students could find the x eordinates| Reasoning | Metaphor Knowledge
of the stationary points from the Devise
graph of the derivative and wherit Model
cuts the x axis. Students most likely
not have an algorithmor procedure
for this]

8 (i) | Doing Mathematics Creative PropertyProof | Apply
[Students could investigate the sign | Reasoning Knowledge
the second derivative herby looking Representation | Devise
at the behaviour of its graph.] Metaphor Model

8 (iii) | Doing Mathematics Creative Property-Proof Justify
[Students must provide a sufficien Reasoning Conclusions

justification for what they have founqg

based on their disaveries with the

graphs, in the previous two parts.]

Table 43: Classifications of example 8

Example 9 (Workshop task 6)

(i)

(ii)

(iii)

(iv)

Show that f (x) = x #)1( does not have any points of inflection.

What can be altered in the given function in order to ensure that the function has

a point or points of inflection?

Give an example of another function which does not have any points of inflection.

9EI YAYS GKS
Mo Tmor’Q wmR2Sa

y 2
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Write down the converse of this statement. Is it true? Justify your conclusion using a

relevant example showing that points of inflection either exist or do not exist.

Task | LCD Reasoning ''aAail A PMO
Label Model
9 (i) | Procedures without Imitative Skilt Use Model

connections to meaning | Reasoning Algorithm

9 (ii) | Doing Mathematics Creative Property Apply Knowledge

Reasoning Proof

9 (iii) | Doing Mathematics Creative Property- Apply Knowledge

Reasoning Proof

9 (iv) | Doing Mathematics Creative Property Communicate

Reasoning Proof Mathematics

Justify Conclusions

Table 44: Classifications of example 9

6.3 The Tasks Workshop
It was decided to hold a workshop with P8ervice Teacher$§Ts) in order to allow

newly designed tasks to be evaluated using the Levels of Cognitive Demand framework

and the Project Maths Objectives framework. This would allow me to gather
independent evidence as to whether the tasks achieved my aims or nobskdhese

G2 FTNIYSg2Nla +Fa L FStd OGKIG (GKSe ¢g2dZ R 0SS

develop a familiarity with.

Participation in the workshop was voluntary and it was made clear from the outset that
the surveys and classifications completuaring the course of the workshop would be
kept anonymous. The group that agreed to participate was drawn from second and
third year PSTs at Maynooth University enrolled either on the BSc in Mathematics
Education, or on the BSc in Science Education véve lchosen Mathematics as one of

their subjects. In terms of teaching experience, the second year students had observed
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0§SFOKSNAR Ay (KS OftlFaaNR2Y FyR (KS GKANR @8
consisted of teaching one day per week. The PS¥Fe mvited to attend the workshop
and were sent a copy of a plain language statement, which described the purpose of the

workshop and my project, in advance.

A number of decisions had to be made in advance of the tasks workshop in relation to
which of the designed tasks would be chosen for classification. The tasks that were
designed addressed several concerns such as giving greater attention to the Property
Proof and History dzf (G dzZNB RAYSyaizya 2F ! airalAiyQa TN
to meet several criteria so priority was given to selecting tasks which esded the

Project Maths problensolving Objectives most infrequently observed in current
textbooks and which exhibited a high level of cognitive demand. There was also a limit

on the time available for the workshop so the tasks could not be overly long. It was
decided to use tasks that would be suitable not only for completion in classrooms but

also for assignment as homework to students and could be classified using the two
frameworks withn the time available. The parts that were to be classified were marked
gAOK GKS GSNXY WwWOtlaairfeqQqd ¢KS t{¢a LI NIGAOA
tasks, consisting of sixteen parts in total, to classify. These can be fowappendix C

where the tasks are labelled from W1 (i) to W6 (iv).

6.4 Preparation for the Workshop
Several documents had to be prepared for the workshop. A codebook was created to

contain all the essential information required by the participants during toding
proces (see appendix)CThe first section provided a list of criteria for classification with

the Levels of Cognitive Demand framework. This was followed by six sample tasks. Each
of these sample tasks was accompanied by an outline of the likely method ébaolu
some commentary discussing how the task might be classified and the actual
classification assigned to it by me. Each sample task was selected from the textbook
series that were analysed earlier in this study. In the next section of the codebook, the
same six sample tasks were then analysed, in a similar manner, using the Project Maths

Objectives framework. The final part of the codebook was created to assist coders when
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attempting to classify the practice tasks and the tasks designed for the work3hap.
section gave an account of the material that students would have been likely to have
been exposed to in school before attempting such tasks. It was important to provide the
coders with this information as it would impact on their decisions in refatio the
possible use of procedures in the Levels of Cognitive Demand framework. In relation to
the Project Maths Objectives framework, it is necessary to be aware of what kind of
mathematical models students have been exposed to when considering whether
students are using, selecting or devising a model when solving a task. The codebook was
the main point of reference for the coders when classifying both the practice and
workshop tasks.

Two coding forms were created so that participants could record ttessifications

(see appendix )CThis was to not only ensure consistency when collecting the data but
to also assist the coders with choosing the classification in an efficient manner. The
coding forms allowed the coders to see clearly the different omidar the two
frameworks and to tick which classifications they felt were applicable to the task under
consideration. The coding forms also made it easier for data analysis as each coder

recorded their classification in a similar manner.

A questionnaire @nsisting of two parts was also prepared in ordeetizit the workshop

LI NGAOALI yiaQ @ASga Ay NBfFGA2y G2 GKS Gg2
for the workshop. The framework consisted of ten questions; four pertaining to the
frameworks ad six examining the pra SNIPA OS G S OKSNARQ SELISNRSYyO
tasks. The first question sought to determine whether participants felt that the LCD
framework was useful to teachers in their work. They were then invited to outline any
difficulties that they might have experienced when using the LCD framework. For the

third question, the PSTs were asked if they felt that it was important to classify tasks

using the Project Maths Objectives framework. Again the participants were invited to

outline any difficulties that they might have encountered when using the PMO
framework. The second half of the questionnaire focused on the designed tasks that the

PSTs classified. The first three questions in this section looked for information on the

tasks and the ¢ 8 Q SELISNASYyOS 2F Otlaarferyd (kKSas

Specifically the participants were asked if they felt that the tasks were clearly described
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and if they found it easy to identify the LCD and PMO of the designed tasks. Finally the
PSTs @re asked if they felt that the tasks were suitable for the use in the classroom and
if they would be suitable for assignment as homework. The final question in the
guestionnaire invited the participants to add any further comments that they might

have onthe tasks.

6.5 The Workshop
The workshop was divided into two parts. The first session lasted for an hour and it was

attended by 19 PSTs. A presentation was given providing an introduction to the project

and it also gave an outline of the two frameworkslkie used. The Levels of Cognitive

Demand framework was explained with examples of classification chosen from the topic

of pattern, sequences and series. To ensure consistency in classifying tasks, when
considering the Project Maths Objectives frameworkiecaas taken to differentiate
0S06SSy WSELXIAY TFTAYRAYIEAQ YR WwWedaAaidatTe O2
0KS wedzaliAaAfe O2yOfdzaizyaQ 202SOGAGS Aa aa
FAYRAYIEAQ 202S0O0AQDS glginiga Rskawvdre aed B interfted NS G |
OKSANI az2fdziAz2y e ! GGSYyaGA2y gt a taz2z 3IAAGSYy
LINEOfSYEd AY FlLYAEAFINI YR dzyFFYAE AL NI O2y (SE
L2aaAirotsS F2NJ IKD2ySED & QINERZNS YD | BER FHOI
problems were to be treatedas something containing an element of Rmutine

material with a requirement for some engagement on the part of the student in order to

solve itand the context could be mathemadt rather than a realife scenario or
application. The participants were also advised of the need to make a clear distinction
0S0sSSy W aSQs:x W{StSOIQ YR W5S@PA&aSQd LG ¢
interpreted as involving the implementatn of a welknown procedure or algorithm.
W{StSOGQ ¢6lFQa RSAONAOGSR la YI{1Ay3d I OK2AOS
technigues known by the student solving the task, in order to determine how best to
approach the exercise. Finally, it was recoBIfiRSR G KIF G (GKS 2062S0O0A ¢
be applied if the workshop participants felt that a student solving a task had to
experiment in terms of finding a method of solution and effectively created their own

model when answering the exercise. For the reamay part of the session, candidates

were given the opportunity to practice classifying textbook tasks on pattern, sequences
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and series using the two frameworks and the group discussed how the classifications

were made.

The second session lasted for riypeninutes and it took place on the same day as the
first session. There was a break of one hour between the two sessions as the PSTs had to
attend a lecture in their timetable. For the second session, 18 participants from the
original 19 were present anthey were again given a brief outline of this PhD project
and its study of textbook tasks. The PSTs were reminded of key aspects of the two
frameworks and how classifications should be applied. Examples of classifications were
provided, this time taken fnm the topic of differential calculus. Participants were given

the opportunity to classify practice textbook tasks from the topic of differential calculus
using the two frameworks. The PSTs were then given time to discuss the classifications
as a group befre being given the first half of the questionnaire relating to the
frameworks. Once the questionnaire was completed, participants were given a short
break. After the break, candidates were given some of the tasks | designed as part of this
project (thoselabelledWorkshop Tasks-@ in Appendix Cand asked to classify them. As
each participant finished classifying the tasks, the last part of the questionnaire was
administered. An opportunity was given at the end for a discussion in relation to the two

frameworks and the designed tasks.
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6.6 Results
Individual results for each coder using the LCD fraoréwan be found in appendix C

Classification Frequency Percent
Higher Level Doing Mathematics 74 25.7
Higher Level Procedures with Connections | 157 54.5
Lower Level Procedures without Connection 49 17.0
Lower Level Memorised 8 2.8

Table 45: Classifications for the LCD framework from the Tasks Workshop

Using the Levels of Cognitive Demand framework, the majority of the 18 participants
agreed tha 14 of 16 of the designed tasks were of high cognitive demand. However, the
majority only agreed with the intended category classification 4 times. It was intended
that 12 of the tasks would involvéoing mathematicswvhile 4 would involve the usef
procedures with connection to meanin@his would have resulted in 75% of the tasks
being classified asloing mathematicsand 25% asprocedures with connection to
meaning As can be seen in table 485.7% of all tasks classified by all participants were
classiied as doing mathematics 54.5% asprocedures with connection to meanijng
17.8% were classified agrocedures without connection to meanirand 2.8% as
memorisationThe LCD of tasks W2 (iii) and W2 (iv) were classified as intended with the
majority classying W2 (iii)as procedures with connection to meaniagd W2 (iv) as
doing mathematicsThe majority also classified W3 (i) and W6 (iv) with the classification
intended. Five participants classified W3 (ii) d@ng mathematicsrather than the
expectedprocedures with connection to meaninigjis possible that these coders did not
consider there to be any procedure that could be used in its solution. The workshop
participants cosistently classified W5 (i), W@&) (and to a lesser extent W6 (iii))) as
having a low lgel cognitive demand. At seco#evel, | expected thafinding the
stationary points of a function and identifying them as maximum and minimum points
from just the graph would be quite demanding for students. The workshop participants
disagreel with this and mainly labelled the finding of the stationary points as using a

procedure without connection to meaning
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Label Original | Workshop Workshop Workshop Workshop Majority Majorit
Classific| Classification: | Classification| Classification| Classification:| agreed with|y
ation Doing . Procedures Memorisation | original agreed

Mathematics | Procedures | without classification | with
with connection Higher
connection | to meaning Level
to mearing

W1 (i) | DM 4 (22.2%) 13 (72.2%) | 1 (5.6%) 0 No Yes

W1 (ii) | DM 3 (16.P0) 15(83.3%) | O 0 No Yes

W2 (iii) | HP 2 (11.1%) 13 (72.2%) | 3(16.7%) |O Yes Yes

W2 (iv) | DM 11 (61.1%) |7 (38.8%) |0 0 Yes Yes

W3 (i) | HP 2 (11.1%) 9 (50%) 7(38.9%) |0 Yes Yes

W3 (i) | HP 5 (27.8%) 8 (44%) 5(27.8%) |0 No Yes

W3 (iii) | HP 15(83.3%) |[3(16.7%) |O 0 No Yes

W4 (i) | DM 2 (11.1%) 14 (77.8%) | 2 (11.1%) |O No Yes

W4 (ii) | DM 3 (16.7%) 12 (66.7%) | 3(16.7%) |O No Yes

W4 (iii) | DM 3 (16.7%) 14 (77.8%) | 1 (5.6%) 0 No Yes

W5 (i) | DM 1 (5.6%) 5(27.8%) |12 (66.7%) | O No No

WS5 (ii) | DM 1 (5.6%) 4 (22.2%) | 10 (55.6%) | 3 (16.7%) No No

WS5 (iii) | DM 5 (27.8%) 12 (66.7%) | O 1 (5.6%) No Yes

W6 (ii) | DM 3 (16.7%) 12 (66.7%) | 3(16.7%) |O No Yes

WG (iii) | DM 3 (16.7%) 10 (55.6%) | 4 (22.2%) | 1 (5.6%) No Yes

W6 (iv) | DM 11 (61.1%) |7(38.8%) |0 0 Yes Yes

Table 46: Analysis of workshop task classifications for the LCD framework

Identifying the maximum and minimum points was largely classified as procedure
without connection to meaning with some regarding it as memorisation. Despite there
not being any procedure identified in the codmik for this, the majority of participants
felt that such a task would be routine or memorised material for students at this level.
With W6 (iii), several participants felt that students would have memorised an example
of a function which does not have apypints of inflection. This was not something that
was outlined in the textbooks or regarded as normal practice in the codebook but
participants may have felt that a teacher would ask students to commit this kind of

material to memory.
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It was hoped to prode a greater variety of Project Maths Objectives within the
designed tasks than was available in the textbook exercises. Looking at the objectives
individually, the majority of workshop participants agreed tleatplore patterns and
formulate conjecturesvas present in tasks W1 (i) and W2 (iii) but did not feel the same
about W4 (i) and W4 (ii). Participants may have felt that it was not necessary to explore
patterns in order to complete this task. Interestingly, the majority of coders felt that
explore paterns and formulate conjecturesas also present in W1 (ii), W2 (iv), W3 (i),
W3 (ii), W3 (iii) and W4 (iii) despite this not being planned for when designing the tasks.
One task (W1 (ii)) aimed to address the objectivexgblain findingsand all but oneof

the students agreed that this had been achieved. The tasks W2 (iv), W4 (iii), W5 (iii) and
W6 (iv) were designed to include the objectiustify conclusionsand the majority of

coders felt that these¢asks addressed it successfully.

The inclusion ofhe objectivecommunicate mathematicwas less successful and yielded
more mixed results, 50% felt that it was present in W1 (i), 44.4% thought it was in W2
(iii), 55.6% felt it was in W4 (iii) and 33.3% used the classification for W6 (iv). It may have
been that the PSTs thought that asking students to give the converse of a statement

does not involve theommunicating mathematicsbjective.
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Project Maths

o W1 (i) W1 (ii) W2 (iii) W2 (iv)
Objective
Explore 18 9 16 9
Patterns 100% (Intended) | 50% 88.9% (Intended) 50%
_ - 17 11 6
Explain
o 94.4% 61.1% 33.3%
Findings
(Intended)
Justify - 5 4 14
Conclusions 27.8% 22.2% 77.8% (Intended)
_ 3 9 8 6
Communicate
) 16.7% 50% 44.4% (Intended) 33.3%
Mathematics
(Intended)
Apply 12 3 5 6
Knowledge 66.7% (Intended) | 16.7% 27.8% 33.3% (Intended)
15 3 5 8
Analyse
83.3% 16.7% 27.8% 44.4%
Information
(Intended)
5 - - 10
Devise Model | 27.8% 55.6% (Intended)
(Intended)
5 - - 2
Select Model
27.8% 11.1%

Table 47: Analysis of workshop task classifications for the PMO framework W1 (i) z W2

(iv)

The objectiveapply knowledge and skills to solve problems in familiar/unfamiliar

contextswas judged to be included successfully in all intended tasks except for W2 (iv)

where students were asked to justify their observationstimeanatically. It is possible

that the PSTs might not have regarded this as a problem; instead viewing it as a yes/no

question. The tasks designed to meet thigective analyse informatiopresented

verbally and translate it in mathematical forwere classied by most

coders as hoped with 83.3% for W1 (i), 94.4% for W3 (i), 88.9% for W3 (ii) and 88.9% for W3 (iii)

also.
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Project W3 (i) W3 (ii) W3 (iii) W4 (i) W4 (ii) W4 (iii)
Maths
Objective
Explore 12 10 11 2 2 11
Patterns 66.7% 55.6% 61.1% 11.1% 11.1% 61.1%
(Intended) | (Intended)
Explain - 1 2 - - -
0 0,
Findings 5.6% 11.1%
Justify - - - - - 16
Conclusions 88.9%
(Intended)
Communicat | 1 6 - - - 10
o 5.6% 33.3% 55.6%
(Intended)
Mathematics
Apply 12 12 18 15 15 5
Knowledae 66.7% 66.7% 100% 83.3% 83.3% 27.8%
9 (Intended) | (Intended) | (Intended) | (Intended) | (Intended)
Analyse 17 16 16 5 4 2
Information 94.4% 88.9% 88.9% 27.8% 22.2% 11.1%
(Intended) | (Intended) | (Intended)
Devise Model| 4 7 13 1 2 1
22.2% 38.9% 72.2% 5.6% 11.1%% 5.6%
(Intended) | (Intended)
Select Model | 7 4 4 7 7 3
38.9% 22.2% 22.2% 38.9% 38.9% 16.7%
(Intended) | (Intended) | (Intended)

Table 48: Analysis of workshop task classifications for the PMO framework W3 (i) z W4

(iii )
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Project Maths| W5 W5 W5 W6 W6 W6
Objecive (i) (i) (iii) (i) (iii) (iv)
Explore 2 1 - 3 2 3
Patterns 11.1% 5.6% 16.7% 11.1% 16.7%
Explain Findings | - 1 7 2 2 5
5.6% 38.9% 11.1% 11.1% 27.8%
Justify Conclusiony - 2 14 3 2 13
11.1% 77.8% 16.7% 11.1% 72.2%
(Intended) (Intended)
Communicate - 1 5 5 1 6
Mathematics 5.6% 27.8% 27.8% 5.6% 33.3%
(Intended)
Apply Knowledge | 10 11 6 14 14 16
55.6% 61.1% 33.3% 77.8% 77.8% 88.9%
(Intended)| (Intended) (Intended)| (Intended)
Analyse 5 3 1 4 4 8
Information 27.8% 16.7% 5.6% 22.2% 22.2% 44.4%
Devise Model 1 1 3 4 5 10
5.6% 5.6% 16.7% 22.2% 27.8% 55.6%
(Intended)| (Intended)
Select Model 7 3 4 4 1 1
38.9% 16.7% 22.2% 22.2% 5.6% 5.6%

Table 49: Analysis of workshop task classifications for the PMO framework W5 (i) z W6
(iv)

There was Iss consistency with the three objectivdsvise, select and use: appropriate
mathematical models, formulae or techniques to process information and to draw
relevant conclusionsTo apply these classifications correctly, it is necessary to know
what methods or techniques the students are familiar with and the classification

crucially depends on when in the teaching sequence the tasks are used. Tasks W1 (i), W2
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(iv), W4 (i), W4 (ii), W5 (i) and W5 (ii) were designed with the objedivese modein

mind. Inthe classification, 55.6%&lt that W2 (iv) achieved this goal. W1 (i) received the
intended classification 27.8% of the time, W4 (i) 5.6%, W4 (ii) 11.1%, W5 (i) and W5 (ii)
5.6% each. As discussed earlier, the participants had different solution meithodgsd

for tasks W4 (i), W4 (ii), W5 (i) and W5 (ii) than what was intended when designing the
tasks.Select modelvas identified more frequently than devise but again the workshop
participants were slow to classify tasks using this objective. Tasks) W&3(i(ii)) and W3

(iif) were intended to address this objective with W3 (i) gaining 38.9%, W3 (ii) getting
22.2% and W3 (iii) receiving 22.2%. Overall, it would appear that the participants
considered that the tasks were successfully designed in orderrdéoige a greater
variety of Project Maths objectives. However, in any future design process | would strive
to include more tasks relating to the three objectives acoimmunicate mathematics,

devise model and select model.

In terms of levels of cognitive deand, it would appear that the tasks succeeded in
providing more opportunities for highdevel engagement but students viewed the
tasks as being more procedural than what was intended. Similarly a wider variety of
Project Maths Objectives were addressé@dum was the case, relatively speaking, for the

existing textbook tasks but some objectives would still require greater representation.

6.7 Questionnaire
All 18 coders felt that the Levels of Cognitive Demand framework would be useful to

teachers in theiwork. Several reported that it would help avoid teaching in such a way
that would prioritise memorising formulae and practicing procedures. Coder 1 stated
GKFGO WAG O2dzZ R LINB@GSyd GSIFOKAYy3a adzOK | gl
questionsand jus YSY2NR &S FT2NXdz 'S YR YSUK2R&a®DPQ a
to determine how suitable an exercise would be for a group of students and how tasks

could challenge the more able students and expand their mathematical knowledge.

/ 2 RSNJ o A&llovishenil ti $eé how é¢hallenbing the questions are to students. It

will allow them to se what questions will push the HigheseJelled students and what
jdzSadAazya ¢gAft YvYzad tA1Ste GNRdzotS GKS ¢S
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structure the clas for a mixed ability group by ensuring that there was an appropriate
mix of tasks that would enable differentiated learning to take place. Coder 14 felt that
GSIFOKSNAR WwWOlyYy SyadaNB (KIFId GKSe& I NBE LINRPJARAY S
thistNJF YS62N] & ¢KAA g2dzZ R 0SS LI NI AOdzZ I NY &8 AYLRN

Overall, none of the participants felt that thesvel of Cognitive Demand framework was

difficult to use. However, some qualified this by saying that it was difficult at times to

distinguish between the classifications for higher level cognitive demand. Coder 8

SELX IAYSR GKFIG AlG o1& wedzad o0SG6SSy RA&AGAYS
F LILISE NI ljdZAGS aAYAfFNR® {SOHSNIXf | RRSR GKIFG
once they were certain of what kind of material the students had covered before

O2YLX SGAy3a GKS GFralae /2RSNI mn adlFriGdSR GKI G
alidzRSyida It NBFIRe KI@ZSQo

All the coders felt that it was important to classify tasks using tlogelet Maths syllabus

framework. The main reason being offered was that it ensured that teachers were

covering the prescribed material properly and it would help teachers to avoid serious
omissionsy NBtFGA2y (2 -sdvingzBkfls/ Ceder 4 aBt Gttwasy
AYLRNIGEFYOG Wwaz2 (GKIG addzRSyda oAttt O20SNI I ff
y2i OflaaAFASR LISNKILA &a2YS OFGS3I2NARSa Yl &
was that it enabled students to receive a more rounded mathematicaication by

exposure to several different types of questions and this would help them to be better

LINSLI NBER F2NJ 62Nl Ay3a SAGK YIGKSYFGAOa fF GSNJI
teacher to implement the Project Maths syllabus to the best levehit be at. It also

Ffft2ga F2NJ I 6ARSNI a02L)S 2F ljdzSadAirzyakl OGA DA

Four expressed the opinion that the Project Maths syllabus framework was more

difficult to apply than the Level of Cognitive Demands framework in general. This was

because there were so many different objectives and it involved making several choices

in comparison to just one with the LCD framework. Two felt that this framework
NBIjdzA NBR Y2NB (GAYS IyR (KAa ¢2dzZ R YIS Al Y2

A

tothe SEGSYRSR OK2A0S (KA& FTNIYSH2N)] 62dAZ R 068
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reported that more teaching experience would be required in order to apply the
framework effectively. Two participants stated that they had difficulty distinguishing
between the deviS St SO

a a
RATFAOMA G G2 RSOARS 0Si9SSy RS@AaSsz asStSoi

(p))
O«

in the task classifications.

In relation to the designed tasks, all 18 coders indicated that #ekd were clearly
described. Several added that they were clear and concise with the layout of the tasks
being well presented. Two students felt that identifying the level of cognitive demand
required some thought in order to go back to the frame of miicdhd.eaving Certificate
d0dzRSYy o / 2RSNI p LRAYGSR 2dzi GKFG WAGQa KI
0S SFaASNE GKSe& YAIKG FAYR KIFNR®Q { AE LI
the framework initially and an additional two after theqeess of classification was
complete; felt that identifying the Project Maths Objectives of the designed tasks was

more difficult than determining the Levels of Cognitive Demand. They reported that it

was more challenging to use for classification dugh® number of objectives and it

took more thought in order to determine which applied and which did not.

All respondents felt that the tasks were suitable for use in the classroom, particularly at

the end of a topic or later on when revising material. déhiparticipants felt that the

designed tasks would be very bendicas part of a group problessolving session.

Twelve preservice teachers felt that the tasks would be suitable for homework,
SalLSOAlLffte a | OKI ff Sy 3Sstdeht® étbaNimeoto sitli I G SR
R26Yy YR ¢62N] GKNRdzZAK (KS ljdzSadArzya FyR ¢
coders felt that the tasks were suitable for use in the classroom but not for homework as

the tasks were quite difficult and could be dishearteniing Weaker students if they

were attempting them on their own. They felt that such students would benefit from
assistance from a teacher in order to make further progress with the tasks. Coder 19
SELINB&a&aSR GKS @AS¢6 (KI (G Wldenis$lgdKsepieyondK St LI
GKSANI LINA2NJ 1y26f SRIS sAGK GKS GlFalaoQ
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6.8 Conclusion
As was seen earlier, the majority of PSTs only agreed with the intended category

classification for the LCD framework 4 times. The results for the tasks classified using the
PMO framework were more consistent in comparison but issues were encountered
particularly in relation to the three categorie®evise, Selecdr Use mathematical
models formulae or techniques to process information and to draw relevant conclusions
It shodd be acknowledged that the workshop involved a lot of technical detailed work
over a short space of time for the PSTs. This might have resulted in it being difficult to
apply the classifications as intended. It would have been beneficial if they hadtimare

to work on examples and were able to avail of more opportunities to discuss their
classifications. Another issue is that the PSTs had to work with two different frameworks
at the same time, whereas when my supervisors and | were coding, we usually onl
worked with one. Also the PMO framework has 10 categories and this can be very
demanding to apply with limited experience. The classification process for both
frameworks involves knowing what material students have seen before. When working
with tasks fom a textbook, this is a straightforward process but the PSTs were given the
workshop tasks in isolation with only a list of topics that the intended students may have
seen previously. It is likely that these factors may have had some impact on the results

that were found.

Looking at the 16 tasks that were classified | felt that W5 (i), W5 (ii) and W6 (iii) would
benefit from some modification.

In relation to W5, this time | would not provide a graph of the derivative but instead
provide the second derative in an effort to avoid any familiar procedure being applied.

| would also make the graph more difficult to interpret so that the student would have

to make a greater effort in order to determine the derivative. | would also avoid asking

for a determit A2y 2F GKS &adlFrGA2y I NB LRAyda dzaAy3

YAYAYdzY LRAY(GaQ a GKAa | LIWISIENB G2 KI @S
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Modified Task 5

The functionf &) is defined for ali R .

Graphs off X ) [the cubic] anid X( ) [thee] are shown.

The line intercepts the y-axis at thamd0,6) and also contains the poinig}l
M5 Find an expession for f'(x). Determine the statiopgoints of f(x).

Expected Classification for M5:

Procedures with connections to meaning.

Apply knowledge to solve problems presented in familiar/unfamiliar contexts.

Select appropriate mathematical models, formulae or techniques to process information
and to draw relevant conclusions.

Modified Task 6

M6 (i) Show that f (xX) = X' does not have any points of inflection

M6 (ii) State and draw a sketch of another function which does not have any points of
inflection.

M6 (iii) (a)Next draw a graph of a function with:

One point of inflection

Two points of inflection.
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M6 (iii) ) Describe what a point of inflection is using your graphs.

The original function in W6 (i) had no points of inflection because it was not defined at 0.
This modified tasiM 6 (i)would be more beneficial to the student in terms of preparing
them for the examination of graphs that follows in the subsequent tasks. For M6 (ii) i
the students have memorised a function which does not have any points of inflection,
they will still have to do some mathematics in order to draw a graph of the function.
Similarlythey will have to engage with the mathematics in order to produce graphs with

one point of inflection or two points of inflection.

Expected Classification for M6 (ii)

Determining the sketch of the graphs even if the functions have been memorised would
still involve the use of procedures with connections to meaning.

Select appropriate mathematical models, formulae or techniques to process information
and to draw relevant conclusions. People can go about sketching graphs in different
ways. Some might determe the roots first and draw from there. Others might sub in
values to the shape of the graph.

Expected Classification for M6 (iii) (a)

Determining the sketch of the graphs even if the functions have been memorised would
still involve the use of proceduregth connections to meaning.

Select appropriate mathematical models, formulae or techniques to process information
and to draw relevant conclusions.

M6 (iii) (b)

Doing Mathematics

Apply knowledge to solve problems in familiar/unfamiliar context.

Communica¢ mathematics in written form.

6.9 Summary

Following efforts to design tasks that would demand more of students cognitively, offer
more opportunities for creative reasoning, incorporate neglected dimensions of

mathematical understanding and provide morevetsity in tems of the Project Maths

problemsolving objectives addressed, | have presented 9 examples consisting of 30
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tasks. One of these examples was an extension of an existing textbook task, ameliorating
the deficiencies identified using the foumaineworks. A workshop was prepared to gain
independent verification from PSTs as to whether 16 of these tasks did indeed provide
greater opportunities for higher level cognitive engagement and meet an increased
number of Project Maths problersolving objecives. The results from the workshop
indicate that the tasks were successful overall in requiring a high level of cognitive
demand, although the PSTs felt that the tasks were more procedural than what was
intended. Their classifications affirmed that a dgexanumber of Project Maths
Objectives were addressed proportionally in the tasks that | had designed than the
existing textbook tasks that were analysed. | also outlined amendments to the workshop
tasks in light of how the tasks were classified in theksbop, in order to make the tasks

as effective as possible.
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Chapter 7 Discussion
This dissertation examines the nature of mathematical tasks from textbooks that are

being used in Irish secorédvel classrooms. To facilitate the analy$msr frameworks

were used while a fifth was designed to measure the phenomenon of novelty. Due to

the established role of the textbook as a soeiof tasks (Project Maths, 2087 h QYSSTF S
YR h Q5 2y 2 IéhdsSFljitaH Clarkey &nd, 2008, p. 142), e three most

popular textbook series were classified using the frameworks. The results from this
classification informed the design of tasks that might be used in the classroom or

assigned as homework.

It will be recalled from chapter 3 that Conen ebaDa Ly & G NHzOGA 2y ¢ NA L Y
overarching conceptual framework in which this study of mathematical tasks is situated
Teachers, studets and mathematical content are positied at the three vertices of this

instructional triangle Herbst and Chman (2012) have extended this conceptualization

and point to tasks as a means through which students interact with the mathematical

content They further describéhe teacheRd NRt S | & Ay Of dzZRAY 3 & dzLJLJ?
with tasks(Herbstand Chazan, 200)2My findings offer insights into how teachers could

provide such support, for example, by choosing textbook tasks carefully, searching for

tasks from other sources to supplement these when necessary and possibly augmenting

these tasks and/or designingnew tasks to achieve the goals of the Project Maths
classroomWhen discussing the results in the following sectionam concentrating on

the postProject Maths textbook series as these give some indication of the tasks that

are available for use in pegrimary classrooms currently.

7.1 Research Questions

7.1.1 RQ 1 (a) Are These Tasks Fulfilling the Expectations of Project
Maths in Terms of its Problem -Solving Objectives?
The mos$ common Project Maths problersolving objective encountered in all three

textbook series at both levels involves thse of appropriate mathematical models,
formulae or techniques to process information and to draw relevant concludtans
Higher Level, its greatest frequency is in the Concise Maths series and at Ordinayy Level

it is greatest in the Active Maths ses. As described in chapter Bdiviced the Project
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Maths Objectivedevise, select and use appropriate mathematical models, formulae or
techniques to process information anddoaw relevant conclusionsto three separate
parts. This was necessary to identify the difference between using and devising
techniques and provide greater detail for the analysis. As seen earlier, the use and
selection of models, formulae or techniques is aligned to algorithmic reasoniiig wh

devising is a key feature of creative reasoning (Lithner, 2008, p.266).

The objective explore paterns and formulate conjectureis also relatively common

across the three series and it is likely that this is infaeshby the particular topic of

Patern, Sequences andeBes. It is to be expected given the subject matter, that this
objective should have a strong presence within the chegppnalysed. The objectives of

justify conclusionsand communicate matematics in written formin particular, are

rarely addressed. It would appear that the textbooks have yet to fully embrace the goals

of Project Maths and there is still a tendency for exercises to emphasise the practice of

skills and algorithms rather than asking students to devise new techniquaspty their

1y26ft SRAS Ay dzyFlI YATAIN O2y(iSElad ¢KAA & d:
misalignment between these textbooks and the Project Maths syllabus. However, my
Fylrteaira ft221a a4 ff 2F GKS tNe2&OG al i
exclusively on the area of reasoniagdLINE GAYy 3 ® LYy 5 FAaQ aiddzRe:
was little opportunity for students to engage in reasongngdproving and very little

evidence of tasks requiring the explanation of findings or the justificatiaron€lusions.

This shows the difficulty that Irish teachers have in finding a textbook to effectively

support their teaching of the revised curriculum.

Cosgrove et al. (2012) found that 31.6% of teachers found the availability of teaching
materials (liketextbooks) to support the Project Maths curriculum to be a major
OKIfftSyaSs gKAtS npody:: 2F (S OKSNE RS&ONA
hQ52y23KdzS§ o6nHnamMmM0 F2dzyR GKIFG ff GKS GSE
standard neededd support Project Maths effectively, even though some are better
aligned to the syllabus expectations than others. Their work makes use of a modified
version of the TIMSS mathematics curriculum framework known as the TIMSS+

instrument, which is applied ta number of mathematics textbooks or series of
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textbooks by dividing textbooks into chunks of curricula or strands identified as units
called specially constructed curricula (SCC). Their report presents data from 10
textbooks and 6 SCC. Myadysis focusseon two topics (Pattern, Sequences and Series
and Differential @lculus) atsenior gcle but it analyses the chapters relating to those
topics in six textbooks using five different frameworks. The findings of my analysis would

support the views expressedl@ h QYSSTFTFS YR hQ52y23KdzS 6HAMM

There has been some attempt to meet the Project Maths objectives in the textbooks
considered here but my results indicate that more attention needs to be given to the

design of tasks that meet the goals of Project Mathsnot, the more traditional

mathematics classroom where the emphasis is on the development of procedural skills

rather than applying mathematics in relfie contexts or considering properties of
mathematical concepts and how they interconnect mightgigtrif the teacher does not

adzLJLX SYSyd GKS&aS dFrajla ob/ /! I cautioneddhatlJbT v ® ¢
S OKSNE ySSR (2 LINRPGARS &aiddRRSydGa ¢AldK GKS
and to develop strategies to deal with questions for wh& productive approach is not
AYYSRAFGSE@ FLIWINBYGQ o6{9/3X wHwHnmcI Llbonod ¢
incorporate sufficient tasks to achieve this in their classrodimsiust be recalled that

WLy AYLERZNIFYG FSI GdzNB iogiff emphedEsd® fattisiaglraiitieés A & U K
or procedural questions and solutions based on illustrative examples, with more
emphasis being giveto students engaging in problesolving approaches and justifying

2N SELX FAYyAy3d GKSANI a2 ThéziPiojpoy &hs ouricululm = H 1 M H
designers want students to be encouraged to think about their strategies, to explore

possible approaches and evaluate these. This would allow them to build up a body of
knowledge and appropriate skills that they can apply athbfamiliar and unfamiliar

situations. However my findings suggest that the current textbooks being used in Irish

Of FaaNe2Ya R2 y20 FrOAtAGIGS GKA&A 0SOlFdzaS Gl
tasks which in turn lead to a reliance on the usealgorithms and procedures that are

not linked to the mathematical meaning. It will fall to the teacher to find or create

suitable tasks outside of the textbook series in order to make sure that tbgd?

Maths curriculum is implemented fully.
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On texbooks andcurricular goals more eperally Houang and Schmidt (&)Ohave
cautioned that textbooks can have varying interpretations of curricular intentions. These
findings are similar tdderbelEisenmann (2007) who analysed a mathematics textbook
to see ifit achieved the ideological goal of the enacted curriculum to move the authority
away from the teacher and the textbook and to promote student reasoning and
justification. It was found in their study that the textbook fell short of this goal. Also Tran
(2016) examined the alignment of a U.S. high school textbook with the Common Core
curriculum and found that there were limitations in terms of reaching the learning

outcomes expected

Fan and Kaele{2000) have shown that textbooks can impact on how teasheach.

¢tKSe K2fR GKS @OAS¢g GKIG AlG ¢2dz R 0SS OKIff
teaching methods without corresponding reform of the textbooks being used in the
classroom. This is due to the important role that textbooks play in affectinghiegc
strategies. It would appear that it will be difficult for the Project Maths curriculum to be
realised effectively until further development takes place in these textbooks in light of

the deficiencies highlighted by the research presented in this shesi

7.1.2 RQ 1 (b) What Degree of Novelty is Incorporated in the T asks?
It appears that all the textbook series have a tendency to reinforce material presented in

the exemplary sections: there does not appear to be a great degree of novelty across the
exercises that were analysed. Of all the textbook tasks analysed, 5.7% were classified as
Wy 2@St Q> vHnodm: | a Waz2YSgKThe congagsdrf oRHighef R T s’
and Qdinary level textbooks suggests that there is a tgegroportion of tasks inte

Higher S @St G SEG06 2 2 |YsS oKl [ia RTINS ) 168K SWa @ Y LI NBF
It also appears that fewer tasks at Highes St I NS OF k A 2PEE6R BK
compared to the Ordinarydvel textbooks. At Higher Level, the Active Maths sdras

0KS 3INBFGSAd LINPLRNIAZ2ZY 2F 020K Wy20StQ |-
ASNASa KlFha (KS KAIKSad 20SNIff ydzYoSN 27

/| 2yOA&aS alKa KIFa (GKS 3INBFGSAG LINPLUBNIAZ2Y
y20StQ OFiGS3I2NRSas 6KAES ! OGAGS al iKa KI a
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findings for novelty would indicate that students are not getting sufficient exposure to

nonNR dzi AyS &dAldzr A2y a @KSy | LILI Buk 2@12)GrK SA NJ &1
their review of Project Maths textbooks, classified 71.dPtextbook tasks analysed at

senior gcle as routine and 28.6% as nmutine. It would appear that the results for the

Wy 2 0Sty2 @0 G S 3 2 NBEhose ktheadutind Eldsifidation.2These results

FLILISE NI G2 &dzLII2 NI GKS SEFENIASNI OASg 2dzif AySR
YFIGKSYFGAOa GSEGO6221a& Ay GKS LNRAK a&adsSy Lx
teachers are to remain dependent on such textbooks as acgoof classroom tasks then

Al Aa tA1Ste GKFG GKS YdzOK ONRGAOAT SR WRNAT f
a feature of Irish mathematics classrooms. It is important to avoid the solution process

becoming too routine and the over use damiliar tasks deprives students of

opportunities to explore concepts or develop the skills necessary for solvingondine

problems. Lithner (p. 273, 2008) reminds us that while it is possible to get far with these
algorithmic reasoning strategies, iedds to a search for algorithms becoming

WY GKSYFiA0a AyaidaSIFIR 2F o60SAy3 I LINIL 2F AdQ
2012 calls on teachers to incorporate more novel tasks for highbreving students to

solve, in particular to provide st&ly 6 & @A 0K W2LILIR NIdzyAdAaASa G2 S
novel contexts and to explore different solutions to problems (Perkins and Shiel, 2016, p.

12).

It would not be possible or indeed desirable for all tasks to be novel as students would

not get the opportinity to develop necessary procedural skills. In 2001, an expert U.S.
committee reviewed and synthesised relevant research on mathematics education from
pre-kindergarten through grade 8 y R LJdzo f AA KSR | NBLIR2NI VyI YSR
teaching, curricd, and teacher education should change to improve mathematics

learning during these critical year&ilpatrick, Swafford and Findell (2001) in this report

GASG LIAGOAY3I alAftf FT3IAFTAYad dzyRSNRAGIYRAY3 | &
interwoveyy yR adldsS GKIFG LINPOSRdAzNI € FtdzSyoe A
mathematical concepts with understanding and using procedures can help to
AGNBY3IGKSY YR RS@St2L) KI{d dzyRSNERGFYRAY3IQ
novelty in the textbooks wouldbe beneficial for promoting greater conceptual

understanding.
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7.1.3 RQ 1(c): What is the Level of Cognitive Demand of the Tasks Analysed on the
Topics Contained in the Textbook C hapters?
In the textbook chapters analysed, a much greater proportion of @zes were

classified as having a Lower Level of cognitive demand than having a Higher Level of
cognitive demand, with most tasks involving the use of procedures without connection
to meaning. The Concise Maths series has the greatest proportion of sectises at
Higher Level, this is mirrored by the Text and Tests series at Ordinary Level. There is a
greater share of Higher Level demand exercises to be found in the Higher Level
textbooks when compared with the Ordinary Level textbooks within each réspec
G§SEGo0221 aSNaASaod h¥ (GKS 1 A3IKSNI [ S8t RSYlLy
YSFEYAYy3IQ 6SNBE FFEN Y2NB 0O2YY2y GKIy (K
comparing preProject Maths textbook series with peBtroject Maths textbook series, a

significant increase in the proportion of Higher Level demand tasks can be observed
between eras. The NCCA (2005) raised concerns abowtnghasis on developing
procedural skills in Irish mathematics classrooms and that this was reinforced by the
teachingtaking place. It would appear that these textbooks will perpetuate the issue to

some degree, should teachers remain dependent on the textbook as the primary source

of tasks. More recently, when commenting on the implications of the PISA 2016 findings

for teaching and learning in Ireland, Perkins and Shiel (2016) recommended that
0§SFOKSNAR O2dz R NIAasS &aidzRRSyiaQ O23yArAdArgs
students to decide on their own procedures when solving problems. Moreover they
suggest that when teders assign procedural tasks to students, it should be ensured

that students understand the underlying concepts. The textbook tasks analysed in the

study reported here would not offer a wide selection for teachers to choose from as

83.3% of tasks were clsified as requiring a low cognitive demand.

The situation is not confined to second lev&haralambous et al. (2010) undertook a
study of the topic of addition of fractions in primary textbooks and found that the
majority of tasks (85%) in two Irish prary school mathematics textbooks required a
low level of cognitive demand. The predominance of textbook tasks requiring a low level
of cognitive demand is similar to the findings of Jones and Tarr (2007) for American

Middle school textbooks (83% LLD fime most recent popular textbook series
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analysed), Kim (2014) for Korean post primary textbooks (94% LLD) and unlike Bayazit
(2013) (25% LLD) for Turkish elementary school textbooks. My results are similar to that
of Jones and Tarr (2007) and Charalambeusl. (2010) but the Irish textbooks on
average have a higher proportion of tasks requiring a high level of cognitive demand
than Kim (2014). Bayazit (2013) has a substantially higher proportion of HLD tasks than

all other textbooks analysed using the Licinework contained in this study.

The results of my research in relation to the levels of cognitive demand required for task
completion are disappointing because they suggest that students are not being
sufficiently challenged when completing textboasks. It could be argued that teachers
may use these tasks as a starting point and adjust them in such a way that they are more
demanding cognitively. However, it has been found that when teachers are
implementing tasks in the classroom, they are morelyik® maintain or reduce the
cognitive demand of a task rather than increaseSte{n, #ith, Henningsen, & Silver,
2009 Charalambous et al., 20)L.0Similarly Nie et al. (2013) caution thHassons, that
were intended to have a high level cognitive derdanan often be implemented with a
much lower level than originally planned. Their study also points out that teachers are
more likely to follow the textbook when implementing a reformed curriculum than
colleagues following an older more traditional onehisT would suggest that Irish
teachers coming to terms with the Project Maths curriculum may be quite dependent on
textbooks and thus would likely struggle to find tasks for students with a high level of

cognitive demand.

7.1.4 RQ 1(d) What Kind of Reasoning do Students Need to Use when Completing
These Tasks?
Another question addressed by the analysis refers to the type of reasoning that students

need to use when completing tasks. The vast majority of the exercises classified in terms
of mathematical reasning were found to require the use of imitative and algorithmic
reasoning. Out of the three textbook series at Higher Level, Concise Maths has the
greatest proportion of such tasks and the Active Maths series has the greatest
percentage of tasks requiringreative reasoning. At Ordinary level, the Active Maths

series again offers the greatest opportunity to engage in tasks requiring creative
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reasoning while the Text and Tests series has the least. The ratio of creative reasoning to
imitative reasoning taskdiffers between the Higher and Ordinary Level textbooks with a

greater occurrence of opportunities for creative reasoning in the Higher Level textbooks.

These findings, showing the high number of tasks classified as requiring algorithmic
reasoning, wold suggest that students are not getting sufficient exposure to tasks that

would help them attain the skills necessary for solving-rmutine problems. Such an

emphasis on algorithmic reasoning is also unlikely to encourage the development of
conceptual mderstanding. Boesen, Lithner and Palm (2010, p. 89) remarked, when
looking at assessment tasks that the dependency they observed on imitative reasoning
WASSYad AyadzFFAOASY(d F2NJ SyKIyOAydnded KS €S
reasoning , for problers2 £ Ay 3 yR F2NJ G4KS [adFrAyYSyad 2
Moreover, as students move through the material on the syllabus, the number of
algorithms required for solving tasks grows unwieldy and might prove unmanageable.

This view is shared by Bergqvidtad. (2008) who point out that as a student moves
OKNRdzZAK WaSO2yRINE |yR LISNKFLA Aydz2 (SN
FEI2NAGKYa YIe i az2yYS$S ainrmeOESasicaleddaNly 2 dzy
teachers to avoid this situation and recommenidéat they should encourage their
addzRSyta (G2 WIiKAY]l Y2NB RSSLIX e Fozdzi oKI G
withreakgs 2 NI R LINPOf SYaQ 6h9/ 53 HamcI LD oyoOod

The results of my analysis indicate that 89% of the tasks from the three Irish
mathematicstextbook series could be solved using imitative reasoning, this suggests
that it is important to design tasks that would promote creative reasoning so as to move
beyond surface considerations and get a better grasp of the concepts involved. Jader et
al. 2015), using the Lithner framework, analysed posimary mathematics textbooks

from 12 different countries including Irelandhdir results show that an average of 79 %

of tasks analysed in total required imitative reasoning. The Irish tasks came from tw
Ordinary Level Active Maths textbooks, and were on thds of geometry and algebra;
Jader et al. (2015) found that just 4% of these tasks necessitated creative reasoning. Of
the tasks taken from Irish textbooks in their study which were classifiegesssitating

imitative reasoning, 10% were found to require memorised reasoning and 86%
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algorithmic reasoning. The results of my analysis for the same textbook series on the
topics of Differential Calculus and Pattern, Sequences and Series had 11.@%k<f t
classified as requiring creative reasoning, along with 88.3% categorised as algorithmic
reasoning, and no tasks were found to require memorised reasoning. Although the
proportion of CR tasks is still relatively low, these topics appear to offer more
opportunities for engagement with creative reasoning than those studied by Jader et al.

(2015).

My results are similart) A § KY SNR& 6Hnnn0 FAYRAYy3Ia 2y dzyRS
Ff 6K2dzZa3K £ 26SNJ 0KIy . SNHI OAald rnpschodl faskDa 6 H AN
(30% CR), which show that mathematically ¥@linded reasoning is not common.

Sidenvall et al. (2015), echoing the results of Jader et al. (2015), inathalysis of

aidzRSyYy (aQ -soBimgind@edlish uppkr&dcondary school, tbtirat 80% of all

attempted tasks could be correctly solved using imitative reasoning strategjles.

dominant reasoning type in the Swedish textbook tasks that they analysed is algorithmic
reasoning, where students need to remember a suitable algorithime. fEsults of my

classification using the reasoning framework are in agrent with those discussed
previouslyinseDGi A 2y H ®p Ay fWdhéwok A2y G2 [AGKYSNDa

7.1.5 RQ 1 (e) What Kind of Understanding (Using Usiskin 8 Oimehisions) is Being

Promoted in T hese Textbook Tasks?
PaAalAyQa Y2RStE 2F YFOGKSYFGAOFE dzyRSNERGI YR

understanding that students encounter when learning mathematics. As a framework for

this analysis, it is used to consider the understanding that is encoethtevhen

completing textbook tasks. The skilgorithm dimension dominates the tasks which

were analysed for all of the textbooks. | found that the prpobperty dimension was

the least common in tasks from all Ordinary Level textbooks and two of theeHigivel

textbooks. Slightly more importance appears to have been placed on proof in the Higher

Level textbooks than in the Ordinary Level textbooks for the Active Maths and Text and

Tests textbook series although the proportion of the tasks in the ppooperty

dimension was still quite low overall at both levels. This is similar to the results of
{GefAFYARSAQ O6nnndpyv &ddzRé dzaAy3a ! YSNAOIY (SE

context.None of the textbooks analysed had any exercises correspgridithe history
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Odzft §dzNBE RAYSYyaA2y>S gKAOK Aa AAYATIFINI G2 GKS
study of Irish junior cycle textbooks which was carried out before the dhicbon of

Project Maths. Ju, Moomnd Song (2016) argue for the importanof including the

history of mathematics in textbooks and lessons. They point out that exposing students

to the history of mathematics, emphasising its role in the development of civilisation,

both humanises and demystifies the discipline. This may sérge Y2 0 A @I S & { d:
learning and improve their attitudes teard the subject. Jankvist (2008uggests that

teachers use history as a means to establish the connection between the cultural life of

a certain period of time and mathematics, the benefitstiois would be to show to

students the rich dynamic culture that accompanies mathematics. Given the results of

the analysis reported in this thesis, it would appear that the textbooks have neglected

this aspect of tasks and teachers, interested in promotimg type of understanding,

will have to look elsewhere to expose students to this aspect of mathemalibs.
representationmetaphor category is much more frequent at Ordinary Level when
compared to Higher Level. It would also appear that the textbatikgot give enough

attention to real life applications (through the usg@plication dimension), preferring the

practising of skills and the use of algorithms.

The predominance of the skalgorithm dimension indicates that there is a need to

include task which involve other kinds ofnderstanding. As mentioned previously
reasoning and proving appears to be neglected in the current textbooks and requires

more attention if students are to establish proper mathematical foundations. The Chief

9 EIl YA Y SokXiecommeBds) that students should become more familiar with
RSAONAROAY3IsS SELI I AYAYIAT 2dAGATFEAYI | YR LINR
OKFG FNB g2NIOK LINFOGAaAy3dIS |a (GKSe gAff
30).Kilpatrick et al. (W) view reasoning and proving as an important aspect of
adaptive reasoning, the capacity to think logically about the relationship between

O2y OSLJia FyR aAiidad dArazyaoe ¢KSe OFff F2N aidc
ideas in order to make theireasoning clear, hone their reasoning skills and improve
GKSANI O2y OSLJidzt £ dzy RSNEUOIFIYRAYIAQ 0O0LIP MHPL D
41 SR (2 WSELXIAYZ O02y@AyO0S IyR LNROSQ 6K
Mason and Johnstelilder (2006, p. 76) point out that it is important to establish the
aGlriddza 2F [FaaSNIAz2ya Ay YFGKSYFGAO0a 1a G2
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YSOSNI GNHzS 2NJ FNB (KSe adgAtt 2dzad 02y 2SO0l dzNE
metaphor and useapplication dimensions indicates that students are not currently
encouraged to consider mathematical concepts in different ways and establish
NBflFGA2yaKALIA 0SG6SSYy (KSasS O02yOSLIiad ¢KS /K
to give students oppdunities to practise solving problems involving rétd

FLILX AOFGA2ya 2F YFGKSYIFHGAO0aed ''a LINIL 2F (K.
construct algebraic expressions or equations to model these situations, and/or to draw
RAFAINIYa (2 BBEANDBDASY MCcHEKSEMONOD LY | 06NBIF RSNJ
2y tL{! HWHAamMHI NBO2YYSyRa (KIF(i GSIOKSNAR akKz2d
deeply about what they have learned and make connections withgealNI R LINRP 6 f SY &
(OECD, 2016, p. 38). Furthermoreal life applications are an important consideration

within the new curriculum (NCCA, 2012a, p.6) and more of such tasks need to be
included, especially given the concerns that were raised in the consultation document,

that predated the introduction oftie Project Maths curriculum, published by the NCCA
6Hnnpy GKIFEG GKSNB 41 & Wl LIB2NE IRLIO Y GHSEAI2ZYQ 24T
LINAYFNE YFEGKSYIFGAO&a SRdAzOFGA2Y G6LIPTO O ! a
hQ52y23KdzS 6 HAnmMmU alfif&&plicaiioRsRig ond o the/aleasTintneeN 5

of development so as to meet the expectations of the Project Maths syllabus. The final

report on the impact of Project Maths on student learning in the initial pilot schools

F2dzy R GKI G & dzRgSyatheématidsSty” @dif@ corttelxis Jand Xind this
0SYSTAOALT ¥ 2eNes &WlSZ0M8 pi28)F NXFINTS | YR hQ52y2:
found that none of the textbooks in their study of Junior Cycle textbooks fostered an
environment of understandingemphasising instead mathematical skills proficiency. It

would appear thatthis situation persists in the senioryde textbooks that were

analysed as part of this study. Overall it is necessary to move away from tasks reliant on
algorithms and familiar focedures and promote tasks that give a more rounded

understanding.

7.1.6 RQ 2 Is There a Difference Between Textbook Series?
The Active Maths series appears to have the greatest proportion of creative reasoning

tasks at both Higher and Ordinary LevelisT$eries also has the greatest proportion of
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tasks at higher levels of cognitive demand at Ordinary Level. At Higher Level, Active

al lKa KlFa GKS 3INBFGSad LISNOSydr3as 2F Gl ajye
Text and Tests has the highestnulde 2 ¥ G 241a Of I AaAFASR | a W:
series have a high incidence of the skifjorithm dimension at both Higher and Ordinary

f SOSt Ay 1 araiAyQa RAYSyairzya 2F Yl OKSY!
dimensions, the Active Maths seribas the greatest incidence of the propeiyoof

and representatiormetaphor dimensions at Higher and Ordinary level. The Concise

Maths series has the greatest amount of tasks corresponding to theapigkcation

category at both Higher and Ordinary levdlhe Active Maths series at Higher Level

appears to have the closest alignment to the Project Maths prokdeiming curriculum,

having the greatest proportion of tasks for 8 of the 10 objectivésOrdinary Level, the

picture is much more mixed with Caee Maths having the greatest proportion for 5

Project Maths problensolving objectives.

Based on these results, the Active Maths series appears to be the better choice of
textbook for Higher Level in terms of the opportunities it offers for creative orag)

and developing different dimensions of mathematical understanding, and meeting the
expectatims of the Project Maths problemsolving syllabus. At Ordinary Level, the
Active Maths series also has more opportunities for creatdasoning and HLfasks It

also gives more exposure to the mathematical understanding dimensions with the
exception of useapplication, but it does not aligwith the Project Maths problem
solving curriculum as well as the Concise Maths textbook. In comparison the Concise
Maths series ranks lowest for level of cognitive demand and creative reasoning in its
textbook tasks at Higher Level, while the same was found for the Text and Tests
textbook series at Ordinary Level. The Ordinary Level Text and Tests textbook has a
greater prdalJ2 NIiA 2y 2F SESNOA&ASE Ofl aaATASR | & Wy
incidence of the proeproperty and representationmetaphor dimensions. It appears to

be least aligned to the Project Mathsoblemsolving curriculum as judged by having

the greates incidence in just two objectives. Based on these findings, use of the Higher
Level Concise Maths textbook and the Ordinary Level Text and Tests textbook would
present the greatest challenges for supporting teaching, promotirgnieag and

reaching the poblemsolving goals. The other textbooks offer tasks that are more
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helpful but there is room for improvement in all areas. This supports the view of
hQYSSTFTFS YR hQ52y23KdzS ownmm0 GKIFG az2ys$sS 27
Project Maths expectationsi Ky 20 KSNEQ OLPHMODP ¢KSe& |faz
textbooks fall short of the standard required to support the expectations of the Project

Maths syllabus.

¢tKS ¢So0aAridsS o0Sft2y3aiay3a G2 GKS tNR2SO0 al GKa
nosinge$§EG0622]1 6KAOK OFly &daAadG GKS fSIENyAy3a y$§S
2017). One of the challenges for teachers, in using textbooks currently, is to determine

the extent to which tasks need to be supplemented by additional matérie. Maths in

Prach OS NBL2Z2 NI y244SR GKFdG WGSFOKSNBR adGdatft vy
appropriate tasks that exploit the connections between topics rather than planning for
AYRAQGARdzZ f fSaazya GKFd F20dza 2y AazfrdSR I N
2014, p.8).

7.1.7 RQ3 Is There a Difference between the Pre-Project Maths and Post-Project
Maths Textbook Series?
My analysis looked at textbook tasks in use both before and after the introduction of the

Project Maths syllabus. For each of the frameworksré was an improvement noted in

the postProject Maths textbooksThe proportion of tasks requiring creative reasoning

and a high level of cognitive demand has increased since the introduction of the Project

Maths syllabus. However, the number of taskshia textbooks dependent on the use of

familiar algorithms is still quite high. There was some increase in the proportion of tasks

Of FaaAFASR a Wy29StQ yR Waz2YSgKIG y20St Q>
classification for the podProject Maths textbooks. As might be expected a greater
incidence of tasks addressing tReoject Maths Syllabus problesolving objectives was

recorded in the posProject Maths textbook with the exception of the two objectives

Ay @2t OAyYy 3 dza Ay 3 riate ynRtheRaBiczlAmindelg Brmitde loiLigihigdies

G2 LINRPOS&aa AYyFT2NXIGA2Y YR G2 RN} g NBt SOl vyi
more closely aligned to thé’roject Maths Syllabus problesolving objectives still

remains low overall.
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With Usiskia YdzZ GARAYSyaazyl f Y2RSt>X Fy AYyONB
dimensions of RepresentatieMetaphor, PropertyProof and Usé\pplication yet a

much greater incidence would be desirable. Despite modest improvements, it would
appear that students would begfit from greater exposure to more varied tasks. The

/| KAST 9EI YAYSNDa wSLEZ2NI KIF&a NBO2YYSYRSR (K
with the processes of description, explanation, justification and the provision of
SEFYLX Sad L y2 (sStRat dieknorth pradiisihG asSthey willimpeoieA

dzy RSNRAGIFYRAYIQ 06{9/ X HaAMcI LI onvd ¢KS b/ /
the Project Maths curriculum and its introduction called for more emphasis to be given

to students engaging in problesolving approaches and justifying or explaining their
solutions (NCCA, 2012b, p. 18). Similarly the final report on the impact of Project Maths

in pilot schools (Jeffes et al., 2013) observed that students are building up expertise with

the use of procedres. The report also ated that students are problemsolving and

making mathematical representations but to a lesser extent than the use of procedures.

An absence of engagement with reasoning and proof, communicating mathematically,

or making connectionsdiween mathematics topics was also observed. It would appear

that the textbooks do not support this goal adequately and teachers will need to

I dz3YSyid SEA&adGAYy3 GFaia G2 | OKASGS AlGd ¢KS
the syllabus expectationare more ambitious than previously and that they are not
ySOSaalNAfte Slhaeée (2 FFTOKASOST WIKSNB Kl a ¢
emphasis on higheorder thinking skills. These are skills that students find difficult to

master and teachersmakfy R RAFTFAOdz & (G2 AyadAatQ o{9/ 3

7.1.8 RQ4 Can Textbook Tasks be Designed to Better Meet the Goals of Project Maths?
In chapter 6 | reported on the design of a sample of 17 textbook tasks that could

address the deficiencies identified by thesults of my analysis. Of these, 3 were existing
textbook tasks on the topic of Pattern, Sequences and Series that were augmented to
increase the level of cognitive demand, to require more creative reasoning when solving
the tasks and to also give moreried exposure to the different learning dimsions and

Project Maths problensolving objectives. The other 14 were original tasks that |
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designed with 6 on the topic of Pattern, Sequences and Series and the remaining 8 on
Differential Calculus.

When thedesigned tasks were evaluated in the workshop, the participants agreed that
the tasks presented were closely alegh to the Project Maths problersolving
objectives as intended and on the whole, looking at their classifications, the tasks did
succeed in pviding greater cognitive demand for those solving them. Given the results
of my textbook analysis, teachers may have to look elsewhere when considering
resources for the classroom. One option may be to augment existing textbook tasks or
design new ones a$ have done in chapteb. This is something that would be
encouraged by both Remillard, Herdglsenmann and Lloyd (2011) and Davis and Krajcik
(2005) as something that would be beneficial to teachers and their development. Knott,
Olson, Adams and Ely (%) have also demonstrated that once teachers are supported
appropriately in the context of professional development, teachers can successfully
create their own rich tasks for use in the classroom. This could in turn encourage
teachers to reflect on theirteaching practice and bring about changes to their
methodologies in the classroom such as establishing more connections between
mathematical concepts as experienced by Swan (2007). | have demonstrated that tasks
can be both augmented and new ones designedneet the needs of the reformed
curriculum classroom, informed by the findings of my analysis. This is something that
O2dZA# R 0S FFEOAEfAOGIGSR & LINL 2F GKS aldkK
recommendation that opportunities for exploration of desigased research as part of
professional development for mathematics teachers should be explored.

From this experience, | learned that no single task can meet every criterion that is
aspired to. For example, while it is possible to create a task that haghaldével of
cognitive demand and requires creative reasoning in the required solution method it is
not possible to incorporate everlearning dimension or problersolving objective in

one task. Thus it is important to take heed of Mason and JohréfddeN2a O H N AN X LI®
NEO2YYSYRIGAZ2Y (2 dzAaS || WYAESR S02y2YeQ 2F |
possible.

Given the findings by Davis (2013) in relation to reasoning and proving, as well as my
findings from the multidimensional learning framewakd the Project Maths problem

solving objectives framework, | gave attention to designing tasks that required students
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to explore patterns, form conjectures, explain their observations and attempt to justify

them mathematically. A lot of these were to norrthe actions of a mathematician, as
described by Mason and Johnst@vilder (2004). | also made use of Swan and

. dzN] KFNRGQE OHAMHO LINAYOALX S&ax SaLISOALlf e
feature of task design was also recommended by Chap(8a13). | linked the tasks to

using the internet, observations in nature, researching history and writing poetry in

order to incorporate authentic contexts and encourage students to make them feel that

they were useful and linked to other subjects thaigim be of interest to them. It was

also important to try and vary the activity in the tasks while encouraging as much
mathematical thought as possible. This often required careful scaffolding so that
students could be guided towards the appropriate invgstion of concepts. | was
AYyFEdzZSYOSR o6& 2l Gaz2y yR ¢K2YLA2yQa | ROAOS
RSAaANBR (S& ARSF Aa GFINASR IyR fSIFNYSNa OF
170) . Another concern was to take into account thifferent abilities of students that

would be attempting the tasks and to ensure that all students could engage with the

material presented.

7.2 Limitations

7.2.1 Textbook T ask Analysis
Remillard(1999) places great importance on the textbook when teaclaesdeciding

how to teach the curricuumW¢ SEG062214& 2FFSNI I OdzZNNRA Odzf
mathematical topics into sections, each including specific concepts or skills. Teachers
YL GKS OdzNNR Odzf dzy 6KSy (GKS&@ RSOARS K2¢
(Remillard, 1999, p. 334). However we are also reminded that no two classrooms are
FEATST WSYAfTEINR OHnnpX LI Hodv OldziAzya
OdzNNA Odzft dzY JFdzA RS A& O2YLIX SE YR ReéylFYAO |
beliefs, aml dispositions suggests that the decision to adopt a single curriculum in a
a0K22f 2NJ RAAGNROG gAftf y20 Ft2yS NBadzZ G A

Thompson and Senk (2014) explored the treatment of high school geometry in 12

0§SIF OKSNA Q sidd thedsanmeRtextodk. Thzeir analysis suggests that there are

several different factors that can impact on the material that is actually enacted in the
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classroom. Teachers make decisions on what material is covered or skipped based on
personal circumstares. It is important to acknowledge that tasks available in a textbook
are just one aspect of what is taking place in terms of teaching and learning; teachers

can adapt and use them in different ways.

Hence, one limitation of the research reported heretlgat it cannot definitively

comment on what is taking place in Irish mathematics classrooms. My research does not

claim nor imply that textbooks are the only source of tasks that teachers use in the
classroom, however such tasks do give some insight ifiat ws available to teachers

and what is commonly used in the Irish classroom. The Project Maths Development

Team reminds us that most of the time in classrooms tends to be related to textbooks in

a2YS glreéed Waz2ald LINRBOf SYa T zkNiefakediRNRYyYU GIEK SOQ & 3
(Project Maths, 201)/Even without observation of classrooms, my research
complementsthd y I f @aAd o0& WSFFSa S ftd O6LIPpI HAMO
good mastery of mathematical procedures and, tslaghtly lesser eent, problem

a2t OAy3 YR YIF{Ay3a YIFIOGKSYFGAOLI € NBLINB&aSydl
certainly support the development of proficiency with mathematical procedures but do

not offer the same opeprtunity for supporting problersolving or using differdn
representations. Students interviewed for the report state they are getting exposure in

the classroom to making connections between mathematics topics, as well as applying
mathematics to realife situations, something which is not discernible from amlgsis

of textbook tasks. This demonstrates a limitation of my study in that it is not possible to

get a full picture of classroom activity based solely on the analysis of textbooks.

Students may be given different tasks by the teacher or exposed taehtfactivities

not covered by the textbooks.

7.2.2 Time Constraints
Two workshops were conducted as part of this thesis. It is possible that more exposure,

for the participants, to the frameworks involved would have proved advantageous. The
availabilityof time had an impact on the conduct of the workshops. For the validation of
the Nowelty framework, (see chapterfér a full description) researchers with an interest

in postprimary mathematics education were assembled and such a cohort is only
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availableat certain times of the year due to their busy schedules. In the case of the tasks
workshop, preservice teachers volunteered time in the middle of their timetable. For
both groups, this meant that there was a limited opportunity to introduce them to the
frameworks involved and provide adequate training for conducting the classifications. It
is likely that both groups would have benefitted from additional time and greater
experience in using the frameworks but this was not possible given the workplace

pressures involved.

7.2.3 Choice of Topics
The topics of pattern, sequences and series and differential calculus were selected for

study. Every task from both the pferoject Maths and the pod®roject Maths eras for
these three textbook series at both Hgghand Ordinary Level were analysed. It could be
argued that alternative topics may give different results, however these are the topics
chosen are taught at both levels and involve the use of a number of different skills by
the student. The Project Mathsurriculum was introduced incrementally through three
phases with pattern, sequences and series introduced in the first phase and differential
calculus introduced in the last phase. The choice of these two topics is representative of
the material that stuénts and teachers encounter in the Irish mathematics classroom. It
should also be noted that my results are similar to the findings of other studies yet
different to others. My results are similar to Charalambous et al. (2010) and Jones and
Tarr (2007) imelation to the level of cognitive demand. My results are different to Jader
et al. (2015) in relation to the kind of reasoning that students employ when solving
textbook tasks, whereby | found a greater requirement for creative reasoning and no
tasks necssitating memorised reasoning. Also, my results from the novelty framework
2y Yeé (g2 OK2aSy G2LAO0A IINB &aAYAtIN G2
routine/non-routine problems and my results support their contention that the textbook
tasksfall short d the standard required to realise the expectations of the Project Maths
syllabus. Finally, Davis (2013) looked at the topic of complex numbers and found that
there is a misalignment between the textbook tasks in relation to the opportunities
afforded forreasoningand-proving and the Project Maths syllabus, something that my

textbook analysis also asserts.
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Chapter 8 Recommendations

It must be acknowledged from the outset that the task analysis is unable to take into

account how a teacher or student mighse the textbook tasks. The recommendations

GKFG F2tt26 NS 0SAy3 YIRS 2y GKS | aadzyLIWiAz2y

in the sense that they are assigned and completed as given in the original textbook.

8.1 Providing More Balance in Sets of Tasks
A key concern arising from my analysis is the lack of balance in the textbook tasks

analysed. Swan and Burkhardt (2012) have suggested principles for task design suitable
for use as assessment. These principles could also be used when desigk@sguitable

for use in the classroom and/or for homework. They suggest that a balanced series of
tasks should meet all the different goals and objectives that the curriculum aspires to.
This is something that the textbook tasks do not currently achieveslation to the
Project Maths curriculum according to my analysis. It is also recommended that tasks
should be viewed by students as something interesting or having a potential use outside
2T GKS OflFaaNk2Yo ¢-Kéturd dimerisiorgnd the! rélakiviely law Q &
incidence of the Usdépplication dimension in my analysis would suggest that the Irish
textbook tasks do not currently achieve this. Swan and Burkhardt also believe that tasks
should be accessible to every student yet simultaneowasigllenging, thus enabling
students of all different abilities to be able to demonstrate some level of understanding
in relation to the task. Their principles call for reasoning to be rewarded rather than
results, meaning that students should be encouragedengage in a process of
reasoning and understanding rather than just advance towards a final result. Designers
are also advised to use authentic contexts as well as mathematical contexts,
encouraging students to make connections within mathematics aheérasubjects. In

the analysis reported here, the dominance of tasks requiring the use of procedures
without connections to meaning and the dependence on algorithms would suggest that

the sets of tasks in each textbook require more balance. Similarlyrethdts from the

FylFrfeaira daAy3d GKS t NB2SOG al dkKa FNIYSg2N] |

towards the need for the employment of more authentic contexts in order for students
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to appreciate the mathematics that can be found in other subject thie surrounding

world.

Watson and Thompson (2015) also recommend the inclusion of more authentic contexts
for the study of mathematics. In their chapter on design issues related tebised
tasks, they discuss mathematical authority and empoweringents by allowing them

to seltcheck their work through the processes of making observations, justifying
conjectures or verifying solutions. The results of my analysis forPitugect Maths
problemsolving framework, in conjunction with the LCD and L& & NBI &a2yA
frameworks suggest that the textbook tasks do not offer students enough opportunities
to engage in such activity. In particular, the tasks analysed appear to be deficient of
processes involving the explanation of findings, the justificatibroonclusions and the
formulation of conjectures.

Based on the findings of my analysis, the tasks available in the textbooks appsar to
unbalanced as explained on the previous pagel the tasks would benefit students
more by giving a broader, more emging and dynamic experience of mathematics as a
discipline. | would recommend that tasks be designed that incorporate the history of
mathematics as well as other subject areas that would be of interest to students. Real
life applications should relate tilve world of students as much as possible in an effort to
be as authentic as possible to their experience. It is also important that all students,
despite individual ability, are able to engage with the tasks presented in the textbooks.
To achieve this, will be necessary to have a good mixture of tasks, in order to appeal to
the different interests and abilities that may be present in classrooms and facilitate

differentiated learning.

8.2 Making Greater U se of Unfamiliar Contexts and Novel T asks
Givenneg FTAYRAY3IA dza Ay 3k dnkKiBe PW¢@ edht prabl@sol#ingl YS g 2 N

objectives framework, more attention needs to be paid to solving problems in unfamiliar
contexts and to avoid the overuse of repetitive wadhearsed task types. My results

shog GKIFIGO GKS YlFI22NARdGe 2F Gralta NB wyz2i( y2
tasksA y @2t GAy 3 GKS WFHLILIX AOFGAZ2Y 2Finfayiiwt SR3IS

contexts rather than unfamiliar ones. A task can be initially complex and require a
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process of creative reasoning when considering its solution. However if several similar

such tasks are encountered, then the novelty is diminished and the reasoning employed

moves from being creative towards imitative. If a context is overused, thennbis

longer unfamiliar. 1 would recommend that teachers currently using the textbooks

analysed in this study, or considering their use, to supplement tasks with a greater

number of unfamiliar contexts in order to achieve the desired variety. Furthermore, it

would be beneficial to students if teachers ensured that a greater proportion of both

Wy 23St Q YR Waz2YSgKIa y20StQ GFala 6SNB AyOf
8.3 Giving More Attention to Reasoning -And-Proving

The area of reasoningnd-proving is wortly of attention, particularly considering the

NEadzZ 6a 2F GKS Fylfeaira LINBASYGSR KSNB dzaAy
FNFYSE2NlZ GKS tNR2SOO alikKa 202S00A@Sa |
understanding. Reasonirandproving can be foundyi GKS OF G4S32Ne 27
YFGKSYFGAOAQ Ay (GKS [/5 FNIYS@g2Nl=Z Ay ONEBI
framework, in the properttb,INE 2 F RAYSY aAz2y FT2N) ! aAalAyQa vy
findings and justify conclusienfor the Project Maths problersolvng objectives. The

incidence of such tasks in the analysis was loihner (2008, p.273) points out that

WO2y OSLJidzt £ dzyRSNRAUGI YRAY IS ONBIFGAGBS NBI &a2yA
YFGKSYFGAOa Ay 2dz2NJ a20ASG& | iNderrgfighée o5 Y Kl Yy OS |
imitative reasoning leads to students becoming dependent on algorithms and
memorisation and this leads to a consequent inability to solve unfamiliar problems or to

transfer mathematical knowledge to other areas competently and approgdyiate

Without being encouraged to use creative reasoning more regularly, for example by

being required to find different methods of solution on their own, students might build

up the incorrect impression that there is only one possible method of solutionnwhe
approaching mathematical tasks. This could deprive them of the opportunity to become

more flexible in their approach to solving tasks.

Another result of neglecting creative reasoning opportunities in favour of imitative

reasoning is that students willbh gain an appreciation of mathematics and the potential

for its application in different areasl found that there was a low incidence of tasks

classified in the propertfJNE 2 F RAYSyaAz2y 27F ' aArailiyQa FNI)
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few of the tasks cladsed required the explanation of findings or the justification of
O2yOf dzaA2yad® ¢KS&aS NBadzZ da FNB Ffaz2 adzi2n
(2013) analyses. It appears that more tasks are required in order to encourage students

to engage in @ative reasoning, explain findings, justify conclusions and communicate

their mathematical thoughts. Jeffes et al. (2013) also highlight this when they call for
Grala GKIG Ay@2t @S addzRSyda Ay wO2YYdzyAOl
justifyingh YR LINP GARAY3I SOARSYOS F2NJ GKSANI Iyass
Grata Wwa2 Sy3ar3sS gAGK (GKS kyNaBUSES aidclBding: LINE Y 2
problema 2 f GAY3IT RNIgAYy3I 2dzi O02yySOlfp33)a 0S50
Teachers will &ve to take care in the classroom, if not doing so already, to encourage
students to verify their solutions, solve tasks using several methods and to explain their

mathematical thinking when completing tasks.

8.4 Increasing the Level of Cognitive Demand in Tasks
Based on my findings, | believe that there is a need for the inclusion of more cognitively

RSYIYRAYy3 (lFala Ay G(GSEdGoz221a Ay 2NRSNI (2
suggest that there is a dependency on procedures in the current textbosksh

provide very little connection to the underlying concepts. This gives cause for concern.
Given the emphasis placed on conceptual understanding in the revised curriculum, it is
important that more tasks which establish a connection to the meaning nokehi
procedures are provided in textbooks and employed by teachers in the classroom.
Similarly, if students are to be able to problem solve effectively then they need more
SELIR&adzNB (2 GlF&ala oKAOK O2NNBalLRyR (2 GKS
is not dependent on procedures and encourages complex mathematical thought,
including reasoning activities such as forming and verifying conjectures, searching for
patterns and investigating the parameters of problems.

Henningsen and Stein (1997, p. 5&) @S Ol dziA2y SR GKIFd W3iKS
potentially influence and structure the way students think and can serve to limit or
ONBI RSY (GKSANI gASga 2y (GKS adzomaSOod YI GdSNJ
works predominantly with tasks that hawelow level of cognitive demand then several

issues arise. Students without exposure to tasks with a high level of cognitive demand

risk being unable to transfer their mathematical skills to other subject areas and being
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unable to problem solve. Also, & likely that they will suffer with confidence about the
subject and only be comfortable with familiar material. Any learning that takes place is
likely to be reliant on memorising operations, that will ultimately be forgotten over time

and students will gin little understanding of the underlying meanings.

WSFFSa SG Itd 6HnmMoX LI oHUO &dz33Sad dKI G wa
tasks that require them to engage with the processes promoted by the revised
aefftl 0dzaSaqQa niysis upastizhal the te@xBookg &xanined do not
currently promote enough complex and nagorithmic thinking. This in turn makes
students dependent on a predictable solution process and they are unable to discover
relationships between concepts. Teachen Irish classrooms should be made aware of
such pitfalls when choosing a textbook to support teaching and learning. A higher
proportion of textbook tasks with a higher level of cognitive demand would encourage
students to explore the nature of matherti@al concepts and provide opportunities to
become more confident at analysing problems, identifying potential constraints and
discovering different approaches to their solution. If teachers do not expose students to
tasks requiring more complex thoughteth diffiaulties may persist with probleraolving

and students will be deprived of opportunities to broaden their understanding of
mathematics. It would be beneficial to have textbooks with a greater number of tasks
that require a higher level of cognitiengagement. | would recommend that tasks such
as those that | designed in chaptércould be included in textbooks or classroom
activities as a means to address this deficit. Very often, existing textbook tasks can be
extended or adjusted in order to rasthe level of cognitive demand required. If
teachers could augment existing tasks to increase the level of cognitive demand then
they would be less dependent on using tasks directly from the textbook. Augmenting
tasks could involve requiring students #amine patterns, formulate conjectures,

expound on their observations and justify such observations mathematically.

8.5 Availing of Greater Expertise When Designing Textbook T asks
From my experience, | would recommend that publishers and authors shoddrgire

FdGSylGAazy G2 GKS RSaAady 2F GSEGoz21 Gl &aila Ay
O2yOSNYy t+a (2 WK2g | GSIFOKSNJ Oly F20dza 2y
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G§SEG6221X LI NILAOdzZ I NI & 2yS GKIG ySyRa G2
experience with textbook analysis and the designing of tasks, it is clear that the process

of creating a textbook would benefit from the input of researchers in mathematics
SRAzOF GA2y ® [dzoASYyailA O6HnAamMmE LId nT holassdz3aSa i
and mathematicians have a greater role to play in at least reviewing books, if not
actually cel dzi K2 NAY 3 (GKSYQd b2 2yteé& g2dd R (KA:
assurance, but it would also assist with the creation of tasks that encourage students

think mathematically. | would also recommend that there should be some input from

the primary sector. Greater contributions from primary and tertiary practitioners could

ensure that the textbook tasks build on the experience of students garnered before
entering postprimary school and assist with greater preparation for the demands of

third level. Geiger et al. (2014) note that partnerships between teachers and researchers

hold potential for improving teaching and learning practices in mathematics,cespe

through the design of tasks for use in the classroom. | believe that this could also apply

to designing tasks for inclusion in mathematics textbooks.

hyS 2F (GKS YIFIAYy NBO2YYSyYyRIUOUA2Yya Ay (GKS NB
2012)isthataSESYLJ I NJ 6SE(G06221 &4SNASE F2NJ t Ne2SO
A4St SOGSR YR 02yaidAddziSR gNARGAY3I GSIFYQ | LJ
Education and Skills. They suggest that this exemplar textbook series would then be

used as a model faull commercially produced textbooks and any new textbook should

be reviewed by the DOES against this series leading to an approved list of mathematics
textbooks for the Project Maths classroom. Lubienski has noted that the issue of
textbooks in Ireland apgars to be politically sensitive. She adds that Project Maths

leaders appear to be unwilling to comment on the suitability of textbooks and appear to

0SS WOANDdzYgSyiliAy3d (SEGO62214& Fa 2LILaSR (2
that the current guation of practicing teachers writing textbooks could be extended or
supported by the involvement of people with additional expertigalverde et al. (p, 2,

HAnHO KIF @S &ddza33SaGtsSR GKIFIG GSEGoz221a I OG Iz
designers oD dzZNNR Odzf dzy LJ2f A0& FyR (GKS GSIFOKSNAR {F
Houang and Schmidt (p. 3, 2008) point out that in many countries students may not be

aware of the existence of curriculum guides and teachers may not make regular use of
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them. Yet evidence from TIMSS suggests that textbooks were present in almost every
classroom in the countries that participated and were regularly used in instruction. As a
result, while textbooks were often not officially national in character, they were a
common element in most classrooms. This shows the importance of the textbook in
terms of implementing a curriculum. Thus, | think that more engagement with textbook
publishers and authors is required in light of the issues that have been highlighted in my

analyss and elsewhere.

The creation of an expert team to write a textbook series could certainly further the
aims of implementation of the Project Maths curriculum and support teachers in their
efforts to change their practices. It must be acknowledged that textbooks analysed
here were produced to meet an extremely tight deadline while the new curriculum was
being introduced on a phased basis. Now that Project Maths has had an opportunity to
become more embedded, it is possible to consider how best textliasks should be

produced in the future.

8.6 Establishing Professional Development to Support Teachers in
Analysing/Creating T asks
Swan (2007) has shown that a programme of professional development employing

carefully designed tasks and supported by ralgvguidance could enable teachers to
re-examine their beliefs in relation to the teaching and learning of mathematics. Over
time a general shift by participating teachers away from transmission practices and
towards a more student centred model was repadtin his study. This was not due to

the tasks alone but the fact that the tasks used allowed for such things as sustained
collaborative work or the use of more challenging examples. Teachers, in this study, also
importantly moved away from emphasising thempletion of tasks and instead focused
2y WO2YLINBKSYRAY3IQ (lFaia o0& | LIWIINBOAIFIGAYT &
students and how they could be beneficial for their learning and building an
appreciation of mathematics (Swan, 200Arbaugh and Biwn (2005) believed that
classifying exercises in terms of their cognitive demand would enable teachers to
examine their own practice. Stein et al. (2009) prepared a case book for use in
professional development that included a number of exemplary taskgeria for

analyzing task properties, and several protocols to facilitate the discussion of tasks
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among teachers. Further work completed using such an approach (Boston and Smith
HAngpT . 230G2y HAamMoU0 KIFIa ARSYOGATASRINGKl y3ISa
classroom after completing professional development in relation to classifying tasks in
terms of their level of cognitive demand. It also found that some teachers maintained

this change after a period of time had elapsed (Boston and Smith 2011).

Given my experience with the workshop to evaluate the designed textbook tasks, I
believe that a programme of professional development whereby teachers were made
familiar with the Levels of Cognitive Demand framework would be useful in Ireland.
Teachers ould be exposed to tasks with varying levels of cognitive demand. The
participants at the workshop, detailed in chapt®rdescribed the potential benefits of

such an exercise in terms of reflection and planning. However, such a programme could
possibly empower teachers to adjust existing tasks or even design tasks in order to offer
students more challenging opportunities. This would have to be supported by exposure
to the principles and frameworks of task design, so that appropriate tasks were
constructed.Over time, this could be extended to the other frameworks used in this
analysis. Such professional development, if successful, could be used to build up a bank
of tasks that could be shared with teachers across the country.

¢KS NBLRNI 2WM) OKSO&al AKBEdzZAY O/ /!'Z wHamnO NB
of opportunities for desigiased research for Irish mathematics teachers. They
suggested a model of professional development where teachers would design and
conduct interventions in the classroom. teachers were provided with such
opportunities for professional development in the future, I would recommend the
design of tasks as described in chapsesis a possibility that could prove beneficial to

teachers.

8.7 Advice for Individual T eachers
Giventhe results of the textbook analysis reported here, consideration should be given

to what an individual teacher might do in order to support the teaching and learning
taking place in his/her classroom. It would appear that no one textbook studied here

meets all the needs of the students and | am mindful of the fact that to augment or
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design tasks can take a substantial amount of time. The Project Maths Development
Team has made resources available on its website but these are limited and might not
always adress the topic area that the teacher is about to teach. Similarly looking for

resources online might not always yield fruitful results.

My analysis of the three textbook series has found that there are deficiencies in each
individual textbook. | wouldecommend that teachers build up their own bank of tasks
by choosing the best tasks from a variety of textbooks. In this way, it will be possible to
give the student an array of good quality tasks quickly. This is important to retain the
engagement of studets who wish to be challenged or may wish to work ahead
independently. Given that the supply of textbook tasks in any single textbook
necessitating novel creative reasoning and/or requiring a high level of cognitive demand
can be exhausted quickly, it wallbe wise to combine such tasks from as many
textbooks as possible to ensure rich learning opportunities for students. Attention
should also be given to ensuring that a mixture of tasks is assigned to students so that
several learning dimensions are enatered and the desired problersolving objectives

are met in the course of solving tasks. It is important that teachers are conscious that
while attaining mastery of procedural skills is beneficial, it must also be accompanied by
tasks that require creativanathematical thinking that encourage students to solve

problems in unfamiliar contexts.

8.8 Advice for Researchers
Five frameworks were used in this thesis. The Levels of Cognitive Demand framework

has been readily used internationally as part of textboo O2y 1 Sy i FylfeaArad
reasoning framework is less common outside of Sweden but has also been used for
textbook analysis. The other three frameworks are unique to my research currently.
LaAalAYyQa YdzZ GARAYSyaAz2yl f Yash&interdled fov | G KS Y| i
analysing textbook tasks but has provided valuable data. &lpilthe Project Maths
problemsolving objectives framework was not intended for such analysis as it was
FRFLIISR FNRY LNRAK &aeffl odza WokQudryciegiéddi @ CA VY I
IABSY Yé SELISNASYyOSa s6A0K GKS [/ 5 YR [AUGKY!
YSIF&adz2NBE aidzRSy GaQ 7 liny gatharédNdn$iderabe Aedpiriendel & | & @
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working with frameworks, | would recommend that researchers engagedhen t
classification of tasks build in opportunities for reflection and certainly ensure that they

work with others before finalising classifications. It is important that researchers realise
GKIFIG GKSe OFNNE Wol 331 3SQ AyighiikiGencedhwira S G KI
decisions on classifications. It is important that they reflect deeply on their decisions and

when deciding on classifications, they do so consistently and apply the criteria as
accurately as possible. As a failsafe, | would recomnteendng at least one other
researcher classify a sample of the tasks independently so that you can compare
classifications and discuss decisions in order to reach consensus on how the framework

is used.

Each of the frameworks gives a different insightoirihe textbook tasks that were

analysed. Of the five, | believe that the Level of Cognitive Demand framework is the
easiest to use for someone wishing to begin textbook task analysis. Unlike some of the

other frameworks, the categories are mutually exchesand this would lend itself to

being more straightforward in terms of application. Gaining an understanding of the

OF iS32NARSaE 2F WR2AYy3I YIFIOGKSYFGiA0aQT WLINEC
WLINE OSRdAzNB&a gAGK2dzi O2yy SOl Andud ndt Be oveBy YAy 3 Q
challenging for someone embarking on this type of research while building up expertise

in distinguishing between the categories would be established over time.

8.9 Future Research
The analysis of tasks looked at the three textbook setiat were widely used in Irish

postprimary schools at Higher and Ordinary Level. Another series named Effective
Maths was published in 2014 but it is only available at Higher Level; the series was in use
during the preProject Maths era under the name dths. In 2016, a further series
entitled Power of Maths was launched at Higher and Ordinary Level. This series was not
in use before the introduction of the Project Maths syllabus. It would be interesting to
analyse tasks from these two textbook seriesngsthe five frameworks to examine

whether any difference exists between the current analysis and these newer series.
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Teachers often use past examination questions as a source of tasks. It would be
worthwhile to use the frameworks to establish whether thedings for the assessment
tasks are similar to the textbook tasks. Given the nature of the examination tasks, it
would be necessary for some adaption to be completed in order to use the frameworks
effectively. For instance, the Novelty framework woulat have exemplary material or
modelled solutions but instead would look at the amount of repetition of previous
YFGSNRAFf® ¢KS RSANBS 2F WwWy20StiéeQ g2dxZ R 6S F
tasks and how similar they are to the preceding years.idi@mts would also have to be
made as to what constitutes familiar and unfamiliar contexts when censig the
Project Maths problerssolving objectives. As with the textbooks, the examination
papers in use during the piferoject Maths years could be compdrto the postProject

Maths era.

8.10 Other Work
The use of the five frameworks enables the gathering of very specific details as to the

nature of mathematical tasks and the understanding that students gain from their
completion. Teachers could benefibfn exposure to these frameworks as a means to
reflect upon their practice in the classroom. | would prepare workshops that would
introduce them to the classification of tasks using a particular framework and then
follow up by outlining the principles of $& design so that they would be empowered to
design tasks for use in the classroom. By making teachers aware of perceived areas of
deficiency and familiarising them with methods to address such shortcomings, teachers
would be able to produce high qualitagks without being dependent on others. | would

also research the effects of these interventions and what kind of impact that they had
on the practice of teachers, as well as examining the nature of the tasks that they would

produce.

In the area of tasklesign, | would like to undertake to extend the work completed on
the sample tasks into the creation of a model textbook chapter. This would allow the
perceived deficiencies identified by the task analysis presented here to be addressed
directly. My aim wald be to develop tasks which move away from the current focus on

procedural, weHpractised exercises and instead provide more opportunities for creative
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reasoning and engagement with unfamiliar problems. Such a chapter could be used as
an exemplar for tgtbook publishers when considering what kind of tasks would be

beneficial in future publications.
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Appendix A Documents for Novelty Workshop

A.1 Codebook z Information for Textbook Tasks Analysis in R elation to
Novelty

The table given below describes three levels ovélty: Novel, Somewhat Novel and Not
Novel. In order to classify textbook tasks as Novel, Somewhat Novel or Not Novel,
expository material and examples shown prior to a task within a single chapter are
examined and the key skills required for deriving luson to each task are identified.
Skills are taken to refer to the methods and techniques used in the solutions to tasks.
Please note that it is not necessary for all characteristics in the description of the
categories of novelty shown in the table &pply in order for a task to be classified in
that category. However there should be sufficient evidence in order to distinguish
between the different categories and as many characteristics as possible should be
identified before settling on a particulatassification. Common skills like, for example,
factorising or calculating slopre taken to be familiar from juniorycle.

Novel (iv) Skills involved in finding the solution are not familiar from preceq
exercises or from any previous point in the chaptemlg analysed.

(V) The mathematical concept involved is not familiar from previ
exercises or examples.

(vi) Significant adaption of the method outlined in examples @
exercises must be made in order to get the required solution.

Somewhat (V) The presentatiorof the task makes the question appear unfamili

Novel However its solution requires the use of familiar skills.

(vi) The context (perhaps the use of an unfamiliar +ealld situation)
makes the task appear unfamiliar but familiar skills are used i
solution.

(vii) A new feature or aspect of a concept is encountered but the soly
to the task only involves the use of familiar skills.

(viii) A minor adaption of the method outlined in the examples has to
made in order to get the required solution. The skills required
familiar but the use or application of such skill is slightly modified.

Not Novel (vi) The presentation, context and concepts of the task are familiar.

(vii)  The solution to the exercise or problem has been modelleqg
preceding exercises or has been encounteredieain the same
chapter.

(viii)  The skills required are very familiar to the user and the metho
solution is clear due to the similarity between the exercise
preceding examples and exercises.
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A.2 Definitions of Terms Used in C oding and on Coding Forms::

Unit of Data CollectionEach textbook exercise or parts that make up such an exercise
set like (a), (b), (c) or (i), (ii), (iii).

Task number For identification purposes, each task or unit of data is given a unique
number.

Exercise IDEach task is iawified by its original exercise number from the textbook.

Classification Indication of whether the task is novel, somewhat novel or not novel
AYyOfdzZRAY3 |y AYRAOFGAZ2Y 2F SKAOK ONARGSNAZ2Yy 2
Novel column, bdlJ UoAAD |-yﬁe OAAAULQ AY GKS b2 b2gSt

The textbooks being coded are Ordinary Level and Higher Level versions of Active Maths,
Text and Tests and Concise Maths, which have been labelled Texts A, B and C in some
order.

Examples of coding undertaken ung this framework:

Expository material and worked examples from Text C (H)

Sequences

A sequence is a set of numbers, separated by commas, in which each number after the first is
formed by some definite rule.

Each number in a sequence is a term of that sequence. The first number is the first term and
denoted by T;. Similarly, the second term is denoted by T, and so on.

C T, represents the nth term. J
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Pp—
s 7, 11, 15,. ..
Zach number after the first is obtained by adding 4 to the previous number.
= this example, 3 is called the first term, 7 the second term and so on.
. 3.9.27, ...
Zzch number after the first is obtained by multiplying the previous number by 3.
In this example, 1 is called the first term, 3 the second term and so on.

Alternative notation

‘= the chapter on indices in Book 4, recurrence equations were described.
The equation u,,, | = 2u, + 4" was given as an example.

"= this case, u,, represented the nth term.

W hile u,, and T, are usually interchangeable, it is not unusual to see a reference to u, as under some

~rcumstances, the expression for u,, can be more easily understood when zero may be substituted to
z=nerate the first term. Consider this sequence:

3
1,5 5, 0

Expressing its rule as u, = X" for n = 0 is neater than T, =x""' forn = 1.

The T, notation should always begin with T,. Both notations will be used in this chapter.

A sequence is given by T, = n*> — 3n, where n € N.
(i) Find T). (ii) For what value of n € N is u,, = 40?
Solution:
G) T,=n’-3n (ii) Given: T,=40
Tio=(10)*> = 3(10) n? —3n =40
=100 — 30 n*—3n—-40=0
=70 n+5)n—-8)=0
n=—5orn=38
\ Thus, n=38, as n € N. J

If T, = ——, show that T,y > T,
n+1

Solution:
n i b M o
= = L VI
T > T,
zi+t 1 n

n+2 n+l
n+ Dn+1)=nHn+2)
4+ 2n+1>n*+2n
1>0 true (subtract #* and 2 from both sides)
& Tw 3T,

multiply both sides by (n + 2) and (n + 1); )
(n +2) and (n + 1) are both positive as n € N
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Exercise Set 4.2 from Text C (H)

Exercise 4.2

1. (i) Ifu,=3n+2, find u; and u,. (ii) Show that Mt == 8,

2. (i) Ifu,=n?-3,find Uy, ty and u,,.

Sample Task:1

2. (i) Ifu,=n?-3, find Uy, Uy and u

n+l-

Solution:u, = (1f -3 =2u, (& 3-1 =

Uu,=(n 47 3 21 3 & 2n 2+ -
Classification:

Not novel (ii) and ifi), the solution has been modelled in exanipl
The skills required are very familiaroin ths example.

Sample Task 2:

1. (1) Ifu,=3n+2, find u; and u,.

Solutionu, =3(1) 2 5,u, 3R2) 2+8 =

Not Novel(i), (ii) and (iii), solutionfamiliar from task 1.

The presemttion, contet and conceptsf the task are famdr.

The skills required and the solution timed are similar to example 1 part

Sample Task 3:

(ii) Show that u,,; — u, = 3.

Solution:

U,=3n4) 2 & 3+2 & 5 +

u,=3n 2

Uy-U 3n %) @n 2)+3n=5 3p 23 - =

Classification:

Somewhat Novel ( prgsentafion of )he task rdakes the godstppeduhfamiliar.
A minor adaption of the method outlined in theagmwples has to be made in order

to get the required solution.

However its solution requires the usefariliar skills, encountered in exam#e
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N (i) [an =2"+ 1,, find Tl’ Tz and T,H_]. (ii) Show that TI1+1 = T”.

Sanple Task 4:

5@)If T,=2" 4 showthafl,,, ¥

n

Solution:

T,=2""4 22 1+
T =2"4

227+1>2 %

22> 2

2>1true \ T, =,
Classification:
Somewhat novel (iii) and (i), a new aspef the concept is encountered heue tb the

presence of powers. The solution is lshee familiar skills from example 2.

4. T,=an’+ bn, where a, b € R. If T, =7 and T, = 20, find the following.

(i) The value of @ and the value of »

Sample Task 5:

Ex. 4 ()T, =ar® +bn, whereab IR.IfT F and] 20, firtte value of aandb.
Solution:

T,=al)y’ 1) Z A b+ 7=

T,=a(2’ #(2) 20 ¥a 2 26

Simultaneous equations solvedtoget n8h =4

Classification:

Novel (i), (i) and (iii), the skills invtved in finding the solution are not farmar from the
preceding exercises or the two exampgles to the presence of the unknown valaed
the simultaneous eaqtions.

Significant adaption of the method on#d in examples and exercises must bdena
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A.3 Coding Form

Sample Task | Exercise Novel Somewhat Not Novel
Number Novel

1 4.2-2(i) (ii), (iii)

2 4.2-1(i) (i), (i), (i)

3 4.2-1(ii) (i), (ii),(iv)

4 4.2-5(i) (i), (iii)

5 4.2-4(i) (i), (i), (i)
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A.4 Practice Coding Material

Example Text C (O)

Arithmetic sequences 2

In some questions we are given two terms of an arithmetic sequence. In this case, we use the method
of simultaneous equations to find @ and d.

In an arithmetic sequence, the fifth term, Ts, is 19 and the eighth term, Ty, is 31.
Find the first term, a, and the common difference, d.

Solution:
We are given two equations in disguise and we use these to find ¢ and d.
T,=a+@m-1)d
Given: Ts=19 Given: Tg=31
nat+4d=19 @ ca+71d=31 @
Now solve the simultaneous equations @ and @ to find @ and d.
a+7d=31 @ Putd=4into @ or @
—-a-4d=-19 @ x-1 a+4d=19 @
3d=12 a+4(4)=19
d=4 a=3

Thus, a =3 and d = 4.
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Practice Task 1
Ex. 3 In an arithmetic sequence, thedtterm,T, , is 7 and the fifth terri, , 14.

Find the first term, a, and the commaffetence, d.

Practice Task 2
EX. 7 In an arithmetic seques, the sum of the third terfy  and theesgh termT, , is 3¢

The sixth term, I , is 23
Find the first term, a, and the commatitference, d.

Practice Task 3

Ex. 8 In an arithmetic sequence, the sufrthe third termTl, and the seventh tefinis 22.
The fifth term, T , is 11
Find the first term, a, and the commatitference, d.

Practice Task 4

Ex. 10p g and are three numbers in atheretic sguence.
Prove thap®+r® 2 9°

Coding Form

Practice Tasl Exercise Novel Somewhat Not Novel
Number Number Novel

1 3

2 7 ()

3 8

4 10
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A.5 Coding Material

Expository Material from Text C (O)

PATTERNS, SEQUENCES AND SERIES

D B e e e T T ]

Patterns 1

Much of mathematics is about patterns. Some are simple and numeric:

1234

e 10, 21, 32,43, 54, . ..
2,4,6,8, 10, >3 13

You should be able to write down the next three numbers in the list; you may even be able to predict
the 10th number in the list without having to write out all the terms.

Other numeric patterns are more complicated:
1,2,4,8,16, ... 1,0,2,0,0,3,0,0,0,4,... 1,2,6,24, 120, 720, . . .

Even if you see a pattern and can write out the next number, it is much more difficult to predict what
the 20th number or the 100th number in the list would be. If those numbers represented the
population of the planet or the number of cancerous cells in a patient, then it would be very important
to be able to predict future values.

Not all patterns are numeric. For example:

Is it possible to predict the number of squares in the 10th diagram? What about the number of yellow
squares in the 10th diagram? What about the purple squares?

Many young children like to watch how tall they are growing and use some simple measuring
techniques to record their growth. Is it possible to predict a child’s height as each year passes?

2m
4 8 9 10 1 12

As an eight-year-old, Freddie was 1 m tall. By nine he was 125 m tall and by 10 he had reached
15 m. Could you use this information to calculate his height when he is 12 years old? What about
when Freddie is 21? Do you see a problem?
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Sequences

'3 N
A sequence is a set of numbers, separated by commas, in which each number after the first is

formed by some definite rule.
N iy

£ B
Each number in a sequence is a term of that sequence. The first number is the first term and is

kdenoted by T;. Similarly, the second term is denoted by T, and so on.

3 7 P01 1 -

Each number after the first is obtained by adding 4 to the previous number. In this example, 3 is
called the first term, 7 is the second term and so on.

1,3;9; 27 o

Each number after the first is obtained by multiplying the previous number by 3. In this example, 1 is
called the first term, 3 is the second term and so on.

The general term, T,

Very often a sequence is given by a rule which defines the general term. We use T), to denote the
general term of the sequence. T, may be used to obtain any term of a sequence. T, will represent the
first term, T, the second term and so on.

Notes: 1. The general term, T,, is often called the nth term.
2. n used with this meaning must always be a positive whole number. It can never be
fractional or negative.
3. A sequence is often called a progression.

Consider the sequence whose general term is T, = 3n + 2.

We can find the value of any term of the sequence by putting in the appropriate value for # on both
sides:
T,=3n+2

T,=3(1)+2=3+2=5 (first term, put in 1 for n)

T,=32)+2=6+2=38 (second term, put in 2 for n)

Ts=3(5)+2=15+2=17  (fifth term, put in 5 for n)
In each case, n is replaced with the same number on both sides.

The notation T, = 3n + 2 is very similar to function notation when  is the input and T, is the output,
i.e. (input, output) = (n, T,).

PATTERNS, SEQUENCES AND SERIES s
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The nth term of a sequence is given by T, =n* + 3.
(i) Write down the first three terms of the sequence.

T
(ii) Show that; (a)T—5=Tl (b) 2T, =T, |
2

Solution:

() T,=n*+3
T=1*+3=1+3=4
T,=22+3=443=7
T,=3"43=9+3=12

Thus, the first three terms are 4, 7, 12.
(i) (a) From (i), T;=4and T,=7.
Ts=5+3=25+3=28

(put in 1 for n)
(put in 2 for n)
(put in 3 for n)

b)) T,=44+3=16+3=19
T,=6*+3=36+3=39

E=§=4 2T, =2(19)=38
T, 7 Te-1=39-1=38
Ty =4 W 2Ty =T, -1
\. 2 y,
Exercise 9.1
In questions 1-8, write down the next four terms.
L1589 1806, 2. 40, 35,30,25,. +»
3 -11,-9,-7,-5,... B 13 10 L
8 25,293848.31,... 6. 28,22,16,1,...
& 1,2,4.8,... 8. 2,6,18,54,...

In questions 9-20, write down the first four terms of the sequence defined by the given nth term.

9
12.

15.

18,

T,=2n+3 0. T,=3n+1 B =1
T =558 18 T.=1-3a 4 T,=0-dn
T.=i+5 6. T,=r’+2n 1. Tn:"—;l-
2n
= — 1. =" g 2. ="
T,=— 9. T,=2 b 1=

269



Expository material from Text B (H)

‘Differential Calculus

Key words
average rate of change  instantaneous rate of change  derived function
differentiation from first principles ~ product rule  quotient rule  chain rule

trigonometric function  inverse trigonometric function  exponential function
logarithmic function

Introduction to calculus

In this chapter, we begin the study of a very important branch of mathematics called calculus.
Differential calculus is mainly concerned with measuring the rate of change of one quantity
with respect to another. For example, the speed of a car is the rate at which the distance it
travels changes with respect to time. However, we know that a car is unlikely to travel at

a constant speed, even for a short time. If a car is accelerating, it is changing speed by the
second. If 60 km/hr is registered on the speedometer, this tells us the instantaneous speed.
Calculus is the mathematical tool that will enable us to find instantaneous rates of change.

Section 2.1 Average rate of change

We have already learned how to find the slope of a line if y ? ¢
we are given two points on the line. (52, 2)
The slope,m = ;’—2:—? 20
; 1 (x1 y1)
We will now refer to this slope as the rate of change of X=X
y with respect to x.
The slope of a line will always be a fixed number as the 9) ~3
slope is constant all along the line.
The curve on the right is the graph of YA B
a function y = f(x). y =)
How do we find the slope of a curve? m
The slope of a curve at any point is defined as
the slope of the tangent to the curve at that point.
ny
0 % X

ms
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The diagram above also shows tangents drawn at three different points on the curve.
The three tangents have different slopes — m,, m, and m.

In the next section of this chapter, we will show how calculus can be used to find the slope
of the tangent to a curve at any point on the curve.

Average rate of change

The curve on the right is the graph of
fx) = x%

The points (1, 1) (2,4) and (3, 9) arc

shown on the curve.

Lines are drawn through (1, 1) and (3, 9)

and also through (1, 1) and (2, 4).

These lines are marked / and m.

W™ Bl B
Slopeofl—x—z_xl 317 4
.

Slopeofm—2_l T 3

The slope of the line [ joining (1, 1) and
(3,9) is generally referred to as the
average rate of change.

The average rate of change of the line m = slope of m = 3.

In general, for any function y = f(x),
the average rate of change of y with respect
to x over the interval [a, b] is the slope of

the line joining (a, f(a)) to (b, f(b)).
f(b) — fla)

Average rate of change = “Nea

The interval [a, b] represents a < x < b.

A Example 1 ) g

Find the average rate of change of y with VA
respect to x for the function y = f(x) over B(4,7)
the interval [1, 4] as shown.

The average rate of change = slope,g

=_=Q=2 A(l,l)
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A Example2 )

The temperature 7 (°C) in a classroom on a particular day can be modelled
by the equation

7o 200

=5 where tis the time after 6.00 p.m..

Find (i) the temperature in the room at 6.00 p.m.
(ii) the temperature in the room at midnight

(i) At6.00p.m.,t=0

200
> T=Grraq+ UC

(ii) At midnight, 7= 6

_ 200 — 9 Q40
=>T ——(6)2+2(6)+20 2.94°C

(iii) The average rate of change = 10‘%27?& = 1.18°C/hour

\

(iii) the average rate of change of temperature from 6.00 p.m. to midnight.

Exercise 2] ————

1. The curve on the right is the graph of e
the function f(x) = x> +x — 2. i
The points A, B, C and D are shown.
Find the average rate of change of y
with respect to x of the line through

(i) AandB
(i) BandC
(iii) CandD.

2. Find the average rate of change of the Y4
function depicted in the graph shown /’325—»—20)

for the interval [-2, 5].

A(=2,4)
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. Find the average rate of change of y with respect to x from point A to point B for
each of the following graphs.

(i) A (i) 4
40 20-
20 10
10-
B(2,5) ——180,3)
75 0| ix 0 X

. The depth, d cm, of water in a bath tub # minutes after the tap is turned on is

modelled by the function d(t) = Zt__—?-o% +50,¢=0.

Find the average rate of change of the depth of the water in the tub over the first
10 minutes after the tap is turned on.

. The graph of a person’s height 4 (cm) versus hy
t (years) from some time after birth to age 20 (2%13)
is shown. W

(i) When is the growth rate greatest?
(ii) Estimate the average rate of growth
between the ages of 5 and 10 years.

O 5 10 15 20 t(years)

. A cube has edge of length x cm.

(i) Find an expression for the surface area, S(x), of the cube.
(i) Find the average rate at which the surface area changes with respect to x as x
increases from x =2cm to x = Scm.

. The curve on the right is the graph of YA
the function y = x? — 2x. y=x"-2
Q is the point (3, 3).
P is any other point on the curve.
(i) If P isthe point (4, 8), find the slope
of PQ.
(ii) IfPis the point (3.5,5.25), find the
slope of PQ.
(iff) If P is the point (3.1, 3.41), find the o >~—"
slope of PQ.
(iv) What do the results in parts (i) to (iii) suggest for
the slope of the tangent to the curve at Q?

Q(3,3)

=Y
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A.6 Patterns, Sequences and Series - Coding Form

Coder ID
Task Number Exercise Numbel Novel Sanewhat Novel | Not Novel
1 9.1-1
2 9.1-2
3 9.1-3
4 9.1-4
5 9.1-5
6 9.1-6
7 9.1-7
8 9.1-8
9 9.1-9
10 9.1-10
11 9.1-11
12 9.1-12
13 9.1-13
14 9.1-14
15 9.1-15
A.7 Differential Calculus - Coding Form
Coder ID
Task Number Exercise Numbel Novel Somewhat Novel| Not Novel
16 2.1-1(i)
17 2.1-1(ii)
18 2.1-1(iii)
19 2.1-2
20 2.1-3(i)
21 2.1-3(ii)
22 2.1-4
23 2.1-5(i)
24 2.1-5(ii)
25 2.1-6(i)
26 2.1-6(ii)
27 2.1-7(i)
28 2.1-7(ii)
29 2.1-7(iii)
30 2.1-7(iv)
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A.8 Questionnaire

1. Did you find the Novelty framework easy to use? Please outline any difficulties you
encountered.

2. Do you agree with the descriptions (novel, somewhat novet, movel) used in this
framework?

3. Any other comments?
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Appendix B Chi-square Tests Tables

The fdlowing are the Chsquare test tableghat are referred to in Chapter 5Any

significant p values are highlighted in bold.

Subset of Data Variables for independence test | N Degree of p
freedom

Active Maths Highe| Textbook | Topics 1743| 1 0.07 | 0.79
Level era
Active Maths Highe| Textbook | LCD [Higher Lev¢ 1743|1 66.12| <0.001
Level era Demand, Lower Leve

Demand]
Active Maths| Textbook | Topic 1183| 1 285 | 0.91
Ordinary Level era
Active Maths Textbook | LCD [Higher Lev¢ 1183|1 44.62 | <0.001
Ordinary Level era Demand, Lower Leve

Demand]
Active Maths Post| Syllabus | LCD [Higher Lev¢ 1538]| 1 6.51 | 0.01
Project Maths level Demand, Lower Leve

Demand]
Active Maths Pre| Syllabus | LCD [Higher Lev¢ 1388]| 1 7.71 | 0.01
Project Maths level Demand, Lower Levg

Demand]
Active Maths Post| Topic LCD [Higher Levq 871 |1 37 <0.001
Project Maths Demand, Lower Levg
Higher Level Demand]
Active Maths Post| Topic LCD [Higher Levq 647 |1 3.6 0.06
Project Maths Demand, Lower Levg
Ordinary Level Demand]
Active Maths Pre| Topic LCD [Higher Levq 852 |1 5.98 | 0.01
Project Maths Demand, Lower Levg
Higher Level Demand]
Active Maths Pre| Topic LCD [Higher Levq536 |1 10.87| <0.001
Project Maths Demand, Lower Levg

Ordinary Level

Demand]

Table 50: Chisquare test results for Active Maths textbook series and LCD
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Subset of Data Variables for independence test | N Degree of p
freedom

Text and Testy Textbook | Topic 1275| 1 0.004| 0.95
Higher Level era
Text and Testy Textbook | LCD [Higher Lev¢ 12751 98.7 | <0.001
Higher Level era Demand, Lower Leve

Demand]
Text and Testy Textbook | Topic 857 |1 193 | 0.16
Ordinary Level era
Text and Tests| Textbook | LCD [Higher Lev¢ 857 |1 14.26 | <0.001
Ordinary Level era Demand, Lower Levg

Demand]
Text and Tests Pas| Syllabus | LCD [Higher Lev¢ 1102 1 46.23| <0.001
Project Maths level Demand, Lower Levg

Demand]
Text and Tests Pr¢ Syllabs LCD [Higher Lev¢ 1030|1 3.3 0.07
Project Maths level Demand, Lower Levg

Demand]
Text and Tests Pas| Topic LCD [Higher Lev¢ 631 |1 37 <0.001
Project Maths Demand, Lower Levé
Higher Level Demand]
TT Post ¢Project| Topic LCD [Higher Lev¢ 471 |1 3.6 0.06
Maths Ordinary Demand Lower Leve
Level Demand]
Text and Tests Pas| Topic LCD [Higher Lev¢ 644 |1 5.79 | 0.02
Project Maths Demand, Lower Levé
Higher Level Demand]
Text and Tests prg Topic LCD [Higher Lev¢ 38 |1 9.85 | 0.01

Project Maths

Ordinary Level

Demand, Lower Levé

Demand]

Table 51: Chisquare test results for Text and Tests textbook series and LCD
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Subset of Data Variables for independence test N Degree of 2 | p
freedom

Concise Maths Highe Textbook | Topic 1516 | 1 0.01 | 0.94
Level era
Concise Maths Highe Textbook | LCD [Higher Leve 1516 | 1 44.12 | <0.001
Level era Demand, Lower Leve

Demand]
Concise Mathg Textbook | Topic 1061 | 1 8.39 | 0.01
Ordinary Level era
Concise Mathg Textbook | LCD [Higher Levg 1061 | 1 17.32 | <0.001
Ordinary Level era Demand, Lower Leveg

Demand]
Concise Maths Posi Syllabus | LCD [Higher Levg 1411 | 1 0.94 | 0.33
Project Maths level Demand, Lower Levg

Demand]
Concise Maths Prg Syllabus | LCD [Higher Levg 1166 | 1 0.62 | 0.43
Project Maths level Demand, Lower Levg

Demand]
Concise Maths Post Topic LCD [Higher Levg 831 |1 5.58 | 0.02
Project Maths Highe Demand, Lower Levg
Level Demand]
Concise Maths Post Topic LCD [Higher Levg 580 |1 32.12| <0.001
Project Maths Demard, Lower Leve
Ordinary Level Demand]
Concise Maths Prel Topic LCD [Higher Levg 685 |1 6.34 | 0.01
Project Maths Highe Demand, Lower Levg
Level Demand]
Concise Maths Prel Topic LCD [Higher Levq 481 |1 1.7 0.19
Project Maths Demand, Lower Leved
Ordinary Level Demand]

Table 52: Chisquare test results for Concise Maths textbook series and LCD

Subset of Data | Variables for independence test N Degree of p
freedom

PostProject LCD [Higher Levq Textbook | 2353 2 28.97| <0.001

Maths Higher| Demand, Lower Levq series

Level Demand]

PostProject LCD [Higher Levq Textbook | 1698| 2 20.62| <0.001

Maths Ordinaryl Demand, Lower Levg series

Level Demand]

PreProject LCD [Higher Levq Textbook | 21812 17.55| <0.001

Maths  Higher| Demand, Lower Levg series

Level Demand]

PreProject LCD [Higher Levq Textbook | 1403| 2 431 | 0.12

Maths Ordinary| Demand, Lower Levq series

Level Demand]

Table 53: Chisquare test results for Textbook Series andLCD
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Subset of Data Variables for independence test | N Degree of p
freedom

Active Maths| Textbook | Reasoning [Creativ| 1743 | 1 32.85]| <0.001
Higher Level era Reasoning, Imitativg

Reasoning]
Active Maths| Textbook | Reasoning [Creativ| 1183 | 1 21.25]| <0.001
Ordinary Level era Reasoning, Imitativg

Reasoning]
Active Maths Post| Syllabus | Reasoning [Creativ| 1538 | 1 3.67 | 0.06
Projed¢ Maths level Reasoning, Imitativg

Reasoning]
Active Maths Pre| Syllabus | Reasoning [Creativ| 1388 | 1 3.19 | 0.07
Project Maths level Reasoning, Imitativg

Reasoning]
Active Maths Post| Taopic Reasoning [Creativ| 891 | 1 0.29 | 0.59
Project Maths Reasoning, Imitativ¢
Higher Level Reasoning]
Active Maths Post| Topic Reasoning [Creativ| 647 | 1 0.85 | 0.36
Project Maths Reasoning, Imitativg
Ordinary Level Reasoning]
Active Maths Pre| Topic Reasoning (reative| 852 | 1 0.12 | 0.72
Project Maths Reasoning, Imitativg
Higher Level Reasoning]
Active Maths Pre| Topic Reasoning [Creativ| 536 | 1 10.87| <0.001
Project Maths Reasoning, Imitativ¢
Ordinary Level Reasoning]

Table 54: Chisquare test results for Active Maths textbook series and Reasoning
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Subset of Data Variables for independence test | N Degree of p
freedom

Text and Testy Textbook | Reasoning [Creativ| 1275 1 16.7 | <0.001
Higher Level era Reasoning, Imitative

Reasoning]
Text and Testy Textbook | Reasoning [Creativ| 857 |1 4.81 | 0.03
Ordinary Level era Reasoning, Imitativé

Reasoning]
Text and Tests Pos| Syllabus | Reasoning [Creativ| 1102 1 10.77| 0.01
Project Maths level Reasoning, Imitative

Reasoning]
Text and Tests Prq Syllabus | Reasoning [Creativ| 1030]| 1 3.7 0.06
Project Maths level Reasoning, Imitative

Reasoning]
Text and Tests Pos| Topic Reasoning [Creativ| 631 |1 39.04 | <0.001
Project Maths Reasoning, Imitative
Higher Legl Reasoning]
Text and Tests Pos| Topic Reasoning [Creativ| 471 |1 3.74 | 0.06
Project Maths Reasoning, Imitative
Ordinary Level Reasoning]
Text and Tests Prd Topic Reasoning [Creativ| 644 |1 7.05 | 0.01
Project Maths Reasoning, Imitative
Higher Level Reasoning]
Text and Tests Prd Topic Reasoning [Creativ| 386 |1 9.85 | 0.01
Project Maths Reasoning, Imitative
Ordinary Level Reasoning]

Table 55: Chisquare test results for Text and Tests textbook series and Reasoning
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Subset of Data Variables for independence test | N Degree of p
freedom

Concise Mathg Textbook | Reasoning [Creativ| 1516 1 23.47| <0.001
Higher Level era Reasoning, Imitative

Reasoning]
Concise Mathg Textbook | Reasoning [Creativ| 1061 | 1 13.49| <0.001
Ordinary Level era Reasoning, Imitative

Reasoning]
Concise Mathg Syllabus | Reasoning [Creativ| 1411 | 1 0.12 | 0.72
PostPrgect Maths | level Reasoning, Imitative

Reasoning]
Concise Maths Prg Syllabus | Reasoning [Creativ| 1166 | 1 0.62 | 043
Project Maths level Reasoning, Imitative

Reasoning]
Concise Mathg Topic Reasoning [Creativ| 831 |1 8.28 | 0.01
PostProject Maths Reasoning, Imitative
Higher Leel Reasoning]
Concise Mathg Topic Reasoning [Creativ| 580 |1 23.41| <0.001
PostProject Maths Reasoning, Imitative
Ordinary Level Reasoning]
Concise Maths Prg Topic Reasoning [Creativ| 685 |1 6.34 | 0.01
Project Maths Reasoning, Imitative
Higher Level Reasoning]
Concise Maths Prg Topic Reasoning [Creativ| 481 |1 1.7 0.19
Project Maths Reasoning, Imitative
Ordinary Level Reasoning]

Table 56: Chisquare test results for Concise Maths textbook series and Reasoning

Subset of Data Variables for independence N Degree off 2 |p

test freedom
PostProject Maths| Reasoning | Textbook 2353 2 12.85| 0.01
Higher Level series
PostProject Maths| Reasoning | Textbook 1698 | 2 16.48| <0.001
Ordinary Level series
PreProject Maths| Reasoning | Textbook 2181 2 7.65 | 0.02
Higher Level series
PreProject Maths| Reasoning | Textbook 1403| 2 431 |0.12
Ordinary Level series

Table 57: Chisquare test results for Textbook series and Reasoning
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Subset of Data Variables for| N Degree of p
independence test freedom

Active Maths Higher Lel/e | Textbook era | Novelty | 1743 2 20.89| <0.001

Active Maths Ordinary Textbook era| Novelty | 1183 2 20.3 | <0.001

Level

Active Maths PosProject| Syllabus level Novelty | 1538 2 15.41| <0.001

Maths

Active Maths PréProject| Syllabus level Novelty | 1388 2 26.69| <0.001

Maths

Active Maths PosProject| Topic Novelty | 891 |2 4.92 | 0.09

Maths Higher Level

Active Maths PosProject| Topic Novelty | 647 |2 16.36| <0.001

Maths Ordinary Level

Active Maths Prd°roject| Topic Novelty | 852 |2 0.74 | 0.69

Maths Higher Level

Active Maths PrdProject| Topic Novelty | 536 |2 8.25 | 0.02

Maths Ordinary Level

Table 58: Chisquare test results for Active Maths textbook series and Novelty

Subset of Data Variables for| N Degree off "2 |p
independence test freedom

Text and Tds Higher Levell Textbook era| Novelty | 1275]| 2 22.23| <0.001

Text and Tests Ordinal Textbook era| Novelty | 857 |2 10.11| 0.01

Level

Text and Tests PeBroject| Syllabus level Novelty | 1102 2 36.25| <0.001

Maths

Text and Tests P+roject| Syllabus level Nowelty | 1030 2 16.43| <0.001

Maths

Text and Tests PeBroject| Topic Novelty | 631 |2 0.13 | 0.94

Maths Higher Level

Text and Tests Poftroject| Topic Novelty | 471 |2 16.33| <0.001

Maths Ordinary Level

Text and Tests P+Rroject| Topic Novelty | 644 |2 6.31 | 0.04

Maths Higher Level

Text and Tests P+Rroject| Topic Novelty | 386 |2 15.48| <0.001

Maths Ordinary Level

Table 59: Chisquare test results for Text and Tests textbook series and Novelty
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Subset of Data Variables for| N Degree off "2 |p
independence test freedom

Concise Maths Higher Lev( Textbook era| Novelty | 1516 2 17.93| <0.001

Concise Maths Ordinar Textbook era| Novelty | 1061 | 2 13.18| 0.01

Level

Concise Maths Po#ftroject| Syllabus level Novelty | 1411 2 2.79 1 0.25

Maths

Concise Maths P#Broject| Syllalus level | Novelty | 1166 2 1.54 | 0.46

Maths

Concise Maths Poftroject| Topic Novelty | 831 |2 219 | 0.34

Maths Higher Level

Concise Maths Poftroject| Topic Novelty | 580 | 2 8.07 | 0.02

Maths Ordinary Level

Concise Maths PtBroject| Topic Novelty | 685 | 2 4.4 0.11

Maths Higher Level

Concise Maths Poftroject| Topic Novelty | 481 |2 1.75 | 0.42

Maths Ordinary Level

Table 60: Chisquare test results for Concise Maths textbook series and Novelty

Subset of Data Variables for| N Degree off "2 |p
independence test freedom

PostProject Maths| Novelty | Textbook Seriey 2353 | 4 30.81| <0.001

Higher Level

PostProject Maths| Novelty | Textbook Seriey 1698 | 4 15.92| 0.01

Ordinary Level

PreProject Maths| Novelty | Textbook Seriey 2181 | 4 2.7 0.61

Higher Level

PreProject Mahs | Novelty | Textbook Seriey 1403 | 4 15.01| 0.01

Ordinary Level

Table 61: Chisquare test results for Textbook series and Novelty
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Appendix C Task Design Material

Code Book

You will be classifying tasks using two frameworks: the first is the Level niti@®@demand

Framework and the second is a framework based on the objectives of the Project Maths

syllabus.

Level of Cognitive Demand framewarRhere are four possible classifications here. Laereel:
Memorization, Lowefevel: procedures without conm#ions to meaning, Highdevel:
procedures with connections to meaning, Highevel: Doing Mathematics.

Outline of the Levels of Cognitive Demand Framework

Lowerlevel demands (memoriziamn)

f

Lowerlevel demands (procedures without connections to meaning)

1

Levels of Demands

Involve either reproducing previously learned facts, rules, formulas, or definitions or
committing facts, rules, formulas or definitions to memory.

Cannot be solved using procedures because a procedure does not exist or because
time frame in whichthe task is being completed is too short to use a procedure.

Are not ambiguous. Such tasks involve the exact reproduction of previously seen
material, and what is to be reproduced is clearly and directly stated.

Have no connections to the concepts or mimnthat underlie the facts, rules, formulas
or definitions being learned or reproduced.

Are algorithmic. Use of the procedure either is specifically called for or is evident frof
prior instruction, experience or placement of the task.

Require limited cognitive demand for successful completion. Little ambiguity exists g
what needs to be done and how to do it.

Have no connection to the concepts or meaning that underlies the procedure bsaty

Are focused on producing correct answers instead of developing mathematical
understanding.

Require no explanations or explanations that focus solely on describing the procedu
that was used.

List of criteria for lowetevel classifications using the LCD framework
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Higherlevel demands (Procedures with connections tcamiag)

T

Higherlevel demands (Doing Mathematics)

)l

C20dza aiddzRSydaQ FGdaSyuazy 2y GKS dzas
deeper levels of understanding of mathematical concepts and ideas.

Suggest explicitly or implicitly pathways to follow that are broad general procedurg
that have clos connections to underlying conceptual ideas as opposed to narrow
algorithms that are opaque with respect to underlying concepts.

Usually are represented in multiple ways, such as visual diagrams, manipulatives,
symbols and problem situations. Making contiens among multiple representations
helps develop meaning.

Require some degree of cognitive effort. Although general procedures may be
followed, they cannot be followed mindlessly. Students need to engage with
conceptual ideas that underlie the procedsrt complete the task successfully and
develop understanding.

Require complex and nonalgorithmic thinkigg predictable, weltehearsed approach
or pathway is not explicitly suggested by the task, task instwnctor a workeebut
example.

Require students to explore and understand the nature of mathematical concepts,
processes or relationships.

Demand selmonitoringorseiNB 3 dzf + GA2Yy 2F 2ySQa 246y

Require students to access relevant knovgeand experience and make appropriate
use of them in working through the task.

Require students to analyse the task and actively examine task constraints that m
limit possible solution strategies and solutions.

Require considerable cognitive effort anthy involve some level of anxiety for the
student because of the unpredictable nature of the solution process required.

List of crieria for highedevel classifications using the LCD framework
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LCD Sample Task Eind Tn, the nth term of the following arithmetic sequence.

y2 MOXZ MYyZXZ HoZX X
Likely method of solutioniet the first term a = 8, the common difference {8)3d = 5Then
Tn = a+(fl)d = 8+(rl)5 = 8+5r5 = 5n+3

Commentary:The student has been shown a formula a 4)d to use in this situation. Finding
the nth term in this way does not require any great thought or consideration.

Classification LCD: Lower Level: Rrdare without connection to meaning.

Algorithmic. Limited cognitive demand. No explanation needed. Focused on getting correct
answer.

LCD Sample Taskl2y' y I al §Sa Yz2ySe SIFOK ¢SS1 G2 o0dz2 I LINX
G2 adlFNI 6A0GK emn FyR (2 Llzi | aARS e€n Y2NB St OK
money to buy the printer. At this rate, how many weeks will it take Anna to save fqrihier?

Likely method of solutionNote there are two ways to do this:

10+12+14+16+18+20+22+24+26+28=190 (10 weeks)

OR

IESH O EYT mdn

| .
ES HOMMmMO B @ Yok MOSEi A m n

Commentary: The student has more than one method of solutiem must consider approach
that they think best.
Classification LCIHigher Level: Proceduwgth connection to meaning.

Not narrow algorithm, some cognitive effort required as the student must consider how to
approach the task. A procedure is being usetlibis not being used mindlessly.

LCD sample task Show that’Y
| is the last term.

is the sum to n terms of an arithmetic sequence where

Likely method of solution:Student will have to experiment in order to determine how to deal
with the last term | and incorporate it into the sum to n terms.

Commentary: The student has the formulad H | -ks 6 # Yise for Sn but this task is not
LINE OSRANI f ©@ { GdzRSYy (G KI & (2 -d0 b grdeh t& GeNhefeluredt SNXY & | .
sum.

Classificatio]f / 5Y | AIKSN) [ S@StY W52Ay3 aldKSYlFIGAOaQ

It requires complex and nonalgorithmic thinking. Student must analyse task and its constraints.
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LCD sample task Bind the coordinates of the turning point of the given function and determine
if the turning point is a local maximum or local minimum.

W W W U
Likely method of solutionDifferentiate to get the derivative. Solve it by letting equal to zero.

This gives x =1, this is subbed into the function to get y = 4. So turning p@l)isSecond

derivative test is most likely used to show that it is a local minimum.

Commentary: The student has been shown a procedure to use in this situation. It does not

involve any great thought or consideration.

Classification LCD: Lower Level: R¥dare without connection to meaning.Following an
algorithm, can be completed mindlessly.

LCD sample task %iven that the curved @Ww p @ phas a turning point atk =2,
calculate the value ad.

Likely method of solution: To get the turning point, the familiar procedure involves
differentiating and letting the derivative equal to zero. In this case, the student would Hied t
derivative to be 2ax+12. Given x =2, this is subbed into 2ax+12=0.

2a(2)+12=0
4a+12=0
4a=12

a=3

Commentary: A procedure is used buhe presence of a means that it cannot be followed
blindly. They must consider how to find the value of a.

Classificatbn LCD: Higher Level: Procedure with connection to meaning.

The use of the procedure is for the purposes of developing deeper levels of understanding of
mathematical concepts. It requires some use of cognitive effort.
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LCD sample task 6

The graph of a cubic function fis shown on the right.

One of the four diagrams A. B. C. D below shows the
graph of the derivative of f.

State which one it is. and justify your answer.

B
}J'//-\ x
/
C D

Likely method of solution: It is necessary here to look at the behaviour of the original graph.
Where does it cross the-axis? Where does it cross theaxis. Which derivative graph would
result from a graph like this?

Commentary: The student must use mathematicahiking to analyse the graphs and
corresponding constraints. It is necessary to use some cognitive effort to come up with the
graph that represents the derivative.

Classification LCD: Higher Lexgl!5 2 Ay 3 al.0KSYI A 0aQ

The student does not use an alghm here and is instead considering the behaviour of the
functions and their graphs.
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Project Maths Objectives Framework:

The devabpment of synthesis and problesolving skills is a key goal of the Project Maths
syllabus. The second framework thatuywill use is an amended list of Project Maths objectives

in relation to synthesis and problessolving. Amending it in this way allows one to classify what
kind of learning is experienced by the student when completing tasks. It is possible for a task to
display more than one of these objectives and it gives a clear picture of whether tasks are
meeting the Project Maths curricular goals itatéon to synthesis and problesolving.

1 O1 Explore patterns and formulate conjectures.

1 02 Explain findings.

9 O3 distify conclusions.

1 04 Communicate mathematics in written form.

1 OS5 Apply their knowledge and skills to solve problems in familiar/unfamiliar context

1 06 Analyse information presented in written form/words and translate it i
mathematical form.

1 O7 (3 Devise appropriate mathematical models, formulae or techniques to prg
information and to draw relevant conclusions.

1 O7 (b) Select appropriate mathematical models, formulae or techniques to pr
information and to draw relevant conclusions.

1 O7 €) Use appropriate mathematical models, formulae or techniques to pro
information and to draw relevant conclusions.

Amended synthesis and problesulving objectives in the Leaving Certificate syllabus
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PMO Sample task Eind Tn, the nth term of thellowing arithmetic sequence.

y2 MOXZ MYyZXZ HoZX X
Likely method of solutionLet the first term a = 8, the common difference {8)3d = 5. Then
Tn = a+(fl)d = 8+(rl)5 = 8+5r = 5n+3

Commentary:The student has been shown a formula a )t to usein this situation. Finding
the nth term in this way does not require any great thought or consideration.

ClassificatiorPMO: Use Modet student has a familiar formula to work with.

PMO Sample Task/&nna saves money each week to buy a printer which @stspn & | SNJI LI | vy
G2 adlFNI 6A0GK emn FyR (2 Llzi | aARS e€n Y2NB St OK
money to buy the printer. At this rate, how many weeks will it take Anna to save for the printer?

Likely method of solutionRecall that thereare two ways to do this:
10+12+14+16+18+20+22+24+26+28=190 (10 weeks)
OR

IESH IO EYT Mmdn

| cn e
ES HOMMmMO B @ Yok MOSEi A m n

Commentary:You will recall that the student is likely to have more than one method in order to
solve this ask. The student has to select which one to complete the task with.

Classification PMEOSelect Model

Classification PMO: Analyse information presented in written form and translate it into
mathematical form.

PMO Sample Task Show that’yY
wherel is the last term.

is the sum to n terms of an arithmetic sequence

Likely method of solution:Student will have to experiment in order to determine how to deal
with the last term | and incorporate it into the sum to n terms.

Canmentary: The student has the formulad H I -k 6 # Yise for Sn but this task is not
LINE OSRAzNI £ ©@ { (dzRSy (i KI & (2 -dO b grdek tR GeNtheGejured i SN a | .
sum.

Classification PMO: Devise ModeThe student has not been siwo a method for doing this,
they must find their own way of solving it. The formula for Sn is not sufficient here as a model to
use.

Classification PMO: Apply knowledge and skills to solve problems in familiar/unfamiliar
contexts It is important here to ealise that the student has experience of working with finding
the sum of the arithmetic sequence but the task is a problem in the sense that it is novel,
meaning that it is not as straight forward as might have been encountered previously.
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PMO Sample T&s4 Find the coordinates of the turning point of the given function and
determine if the turning point is a local maximum or local minimum.

W W W U
Likely method of solutionDifferentiate to get the derivative. Solve it by letting equal to zero.

This gives x =1, this is subbed into the function to get y = 4. So turning point is (1,4). Second

derivative test is most likely used to shahat it is a local minimum.

Commentary:The student has been shown a procedure to use in this situation.

Classification PMO: Use ModefAs seen earlier, the student uses a very familiar model to get
the required answer.

PMO Sample Task &iven that thecurveww w® p @ phas a turning point ak =2,
calculate the value &d.

Likely method of solution: To get the turning point, the familiar procedure involves
differentiating and letting the derivative equal to zero. In this case, the student would fimd t
derivative to be 2ax+12. Given x =2, this is subbed into 2ax+12=0.

2a(2)+12=0
4a+12=0
4a=12

a=3

Commentary: A procedure is used buhe presence of a means that it cannot be followed
blindly. They must consider how to find the value of a but this degisinvolve devising a
completely new model.

Classification PMO: Use ModellThe student has a model for finding a turning point, the
unknown a is a new feature which must be incorporated with the known procedure.

Classification PMO: Apply knowledge andilk to solve problems in familiar/unfamiliar
contexts. Again the context is familiar but it is a problem because the student is not overly
familiar with how to approach the task in order to solve it.
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PMO Sample Task 6

The graph of a cubic function fi1s shown on the right.

One of the four diagrams A, B. C. D below shows the

graph of the derivative of

State which one it is. and justify your answer.

» ? » x

Likely method of solution:lt is necessary here to look at the behaviour of the original graph.
Where does it cross the-axis? Where does it cross theayis? Which derivative graph would
result from a graph like this?

Commentary: The student must analyse the graphs and correspondiogstraints. It is
necessary to use some mathematical thinking to come up with the graph that represents the
derivative.

Classification PMO: Devise Modelktudent must look at the graphs and consider their patterns
and constraints. It is also necess#ylink their knowledge of the derivative with the graphs.

Classification PMO: Explore patterns and formulate conjectur&udent must look at the
behaviour of the graphs.

Classification PMO: Apply knowledge and skills to solve problems in familiar/unfi@ami
contexts.

Classification PMO: Justify conclusioate student must make a case for excluding certain
graphs and give a valid reason behind the choice of graph that is eventually chosen.

Sequences and Series
{0dzRSY(G&4Q YIFOGSNALI fask8ELIZ 8dzNBE F2NJ t NI OGAOS ¢

1. Definition of a number sequence.
2. CAYRAYy3 GKS ySEG GSNX 2N FAYRAy3a (GKS ySEG (6
{0dzRSYy (&4Q YIFOGSNALFE SELIZ&dZNBE F2NJ t NI OGAOS ¢ &a1a -+
1. Definition of a number sequence.
2. Finding the next term or finding the neiitg 2 G SNX¥&a 2F | aSljdzSyo0S So3
3. Writing out the first few terms of a sequence from a given Tn
e.g. Tn = 312 gives the sequence 1, 4, 7, 10 (when asked for the first four terms).
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Differential Calculus

{0dzZRSy G aQ YI GSNAI TaskSE2¥d3dzNBE F2NJ t NI OGAOS
1. Differentiation from First Principles
Differentiation by Rulef (x) = x" f'(X) =nx"*
v
3. Product Ruley = uvd—y =ui Vﬂj
dx dx  dx
Jdu_dv
4. Quotient Ruley=E Q = dx _ dx
v dx V
5. The Chain Rule
. , dy : dy
6. A curve is increasing Wherg— > 0. A cungedecreasing Whered— <
X X
7. Stationary Points: a stianary point of a curve is a point on the curve at which the curve

is differentiable, and the tangent is horizontal / the tangent has a slope of zero /

dy _
dx
To find the stationary points of the curve y = f(x):
. . dy
i Find —
0 dx
dy _

(i) Put — =0 and solve for x.
dx

(iii) Find the y ceprdinates of the stationary points.

There are several types of stationary points. Two of these are called turning points, as
the curve turns around at these points. The third is not mitug point, but is a point at
which the tangent has slope 0 but the sign of the derivative does not change.

A Local Maximum Point: This is the highest point on the curve in a specified locality. It may not
be the highest point overall. At a local ma mipithe curve goes from increasing on the left to

: : d . .
decreasing on the right. In other words% goes from positive, through zero, to negative.

B Local Minimum Point: This is the lowest point on the curve in a specified locality. ot
the lowest point overall. At a local min, the curve goes from decreasing on the left to increasing

dy

on the right. In other wordsd— goes from negative, through zero, to positive.
X

9. The sign of the second derivative tells us atbiine curvature of the curve. (Which way

2 2
the curve is facing). I%%/ > 0 then the curve is concave upwards%f—z <0 then the
X X

curve is concave downwards.
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10. Second Derivative Test for Turning Points
2

¢ 4y

X2

<0 at a stationary point, then the point is a local max
d’y . . L .
If o2 >0 at a stationary point, then the point is a local min
11. Point of Inflection
A point of inflection is a point on a curve at which the curve goes from bein@eenpwards to
concave downwards, or the other way round.

The curve y=1(X) has a point of inflection at
2 2
C(x, v, if (i) ‘; Xg’ =0 at C and (ii) z x2y changes sigt C.

Note: Can assume that studentd® not have a procedure for showing a function is injective,
surjective omijective.

{dz2RSy(GaQ YIFIOGSNAIf SELR&DINBE FT2NJ 22NJakKz2L) ¢l aia w

1. Definition of a number sequence.
2. CAYRAYy3 GKS ySEG GSNXY 2N FAYRAy3a (GKS ySEG (6
3. Writing out the first few terms of a sequence from a given Tn
e.g Tn = 32 gives the sequence 1, 4, 7, 10 (when asked for the first four terms).
4. Finding the nth term of an arithmetic sequence. Model used Tn = dl¥d(n
5. Finding the sum of arithmetic series manually ie The terms of 1+3+5+7 are added
manually to get 16.

n
6. Finding the sum of an arithmetic series using a formg|e= E[Za A n 1)c]

Note: No models or formulas beyond this. Student has no experience of working with general
cases or justifying things mathematically.
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SdzZRSYy G &Q YI (S MIks$45aldbLI2 & dzZNB F2 NJ

1. Differentiation from First Principles
2. Differentiation by Rulef (x) = x” f'(x) =nX"*
dy dv

du
3. Product Ruley =uv — =U— ¥—
dx dx dx

yau_ v
4. Quotient Ruley = udy _“dx " dx
v dx V
5. The Chain Rule
6. A curve is increasing wher{jez > 0. A cungedecreasing wher%l/ <
X X

7. Stationary Points: a stati@ry point of a curve is a point on the curve at which the curve
is differentiable, and the tangent is horizontal / the tangent has a slope of zero /

dy _
dx
To find the stationary points of the curve y = f(x):
dy
()  Find dX
dy _

(i) Put — =0 and solve for x.
dx

(iii) Find the y ceprdinates of the stationary points.

(iv) There are several types of stationary points. Two of these are called turning
points, as the curve turns around at these points. The third is not angrni
point, but is a point at which the tangent has slope 0 but the sign of the
derivative does not change.

A Local Maximum Point: This is the highest point on the curve in a specified locality. It may not
be the highest point overall. At a local ma poitite curve goes from increasing on the left to

d
decreasing on the right. In other words,d—y goes from positive, through zero, to negative.
X

B Local Minimum Point: This is the lowest point on the curve in a specified locality. lotiag n
the lowest point overall. At a local min, the curve goes from decreasing on the left to increasing

: d : .
on the right. In other wordsd—i goes from negative, through zero, to positive.

(v) The sign of the second derivative tells us abth& curvature of the curve.

2
(Which way the curve is facing)%f—g/ > 0 then the curve is concave upwards.
X

d’y

If > < O then the curve is concave downwards.
X
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(vi) Second Derivative Test for Turning Points

d? . . o
If r 3/< 0 at a stationary point, then the point is a local max
X

d? . . o .
If r 2’> 0 at a stationary point, then the point is a local min
X

(vii)  Point of Inflection

A point of inflection is a point on a curve at which the curve goes from bemmgpge upwards to
concave downwards, or the other way round.

The curve y=1(X) has a point of inflection at

cx. y) if () ©Y =0 atC and (i) @Y changes sign C
% X ¥ J |
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Workshop Tasks

W1. A display of cans on a supermarket shelf consists of 15 cahe tottom, 13 cans
in the next row, and so on in an arithmetic sequence until the top row has 9 cans.

The manager would like to see a different number of rows in the same display using the
same number of cans.

(i)  CLASSIFY Can you suggest two other ametic sequences for
arranging the cans on the shelf?

‘ (iv)  CLASSIFY Explain how you found the sequence.

W?2. The first terms of the Fibonacci sequence are given below.
o, 1, 1, 2, 3, 5, 8, 13, 21,

0] Describe in words how the sequence is formed.
Hence wite out the next four terms in the sequence.

(i) Choose any four consecutive Fibonacci numbers. Add the first and last terms
from your selection, then divide by 2. Repeat the process again with four other
consecutive Fibonacci numbers, and then another four.

‘ (i)  CLASSIFY What do you notice in part (ii)? ‘

\ (iv)  CLASSIFY Can you justify your observation mathematically? \
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W3.
Once it reaches this height, it falls and strikes thmuigd and bounces to 60% of its
previous height. It repeats the process, each time bouncing to 60% of the previous height.

A ball is thrown upwards from ground level and rises to a height of 15 metres.

nces

e s o
total

cimal

gh
tance

aphs

(iv)  CLASSIFY Find the total distance travelled by the ball by the time it bou
for the fifth time. Give your answer to two decimahqes.

(V) CLASSIFY Rewr i t e t he guestion abov
INCREASING each time instead of decreasing. What would be the
height after five bounces in this situation? (Give your answer to two de
places)

(vi)  CLASSIFY If the ball from patr (i) was caught on the third bounce, how h
would the ball have to rise to on the first bounce in order for the total dis
travelled to be 98 metres after three bounces?

W4,

(iv)  CLASSIFY You are given the graph df2 w above, use your kndedge of
derivatives to draw three possible graph¥bto .

(V) CLASSIFY Use your knowledge of derivatives to draw three possible g
of f ().

(vi)  CLASSIFY Justify why you have drawn the graphs in this way.
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W5.

The functionf & ) is defined for afl R .
Graphs off % ) [the curve] arfd X'( ) [thiae] are showr

104

0

CLASSIFY Using the diagram above, find the stationary points(xf \

hat

any

ement :

\ (i) CLASSIFY Identify them as maximum or minimum points. \
\ (i)  CLASSIFY Justify your answer. \
W6.
. 1 . . .
0) Show that f (x) = x 4; does not have any points of inflection.
(i) CLASSIFY What can be atred in the given function in order to ensure t
the function has a point or points of inflection?
(i)  CLASSIFY Give an example of another function which does not have
points of inflection.
(v) CLASSIFYExami ne the f ol | dafi@Qwn gs aspoirg of
inflection, thenQ w mTor ™ Q wdoes not exi st .’

Write down the converse of this statement. Is it true? Justify your conclusion u
relevant example showing that points of inflection either exist or doxisit e

sing a
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Questionnaire

Coder ID:

Frameworks

Tasks

Do you feel that the Levels of Cognitive Demand framework is useful to teachers in their
work? Please comment.

Did you have any difficulties applying the Levels of Cognitive Demand framework?
Please comma.

Do you feel it is important to classify tasks using the Project Maths syllabus framework?
Please comment.

Did you have any difficulties applying the Project Maths syllabus framework? Please
comment.

Please consider the tasks you classifiedooled in the final part of the workshop:

5.

Was each task clearly described? Please comment.

Was it easy to identify the level of cognitive demand of each task? Please comment.

Was it easy to identify Project Maths objectives addressed by each task? Please
comment.

Do you think these tasks are suitable for use in the classroom? If so, please comment on
how you would use them.

Do you think these tasks are suitable for assignment as homework? Please comment.

10. Have you any further comments to make on this sietasks?
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Participants were asked to complete the same table as below for each part of each workshop
task.

Coding Form
Coder ID:
Workshop Task

Levels of Cognitive Demand Tick ONE clearly if
present

Higher Level Demand: Doing Mathematics

HigherLevel Demand: Procedures with connections to meaning

Lower Level Demand: Procedures without connections to meaning

Lower Level Demand: Memorization

Workshop Task

Project Maths Syllabus Objective Tick as manyas you
feel are applicable.

O1 Explorgoatterns and formulate conjectures

02 Explain findings

O3 Justify conclusions

04 Communicate mathematics in written forn

O5 Apply knowledge and skills to so
problems in familiar/unfamiliar contexts

06 Analyse information presented in writte
form and translate it into mathematical form

O7a Devise appropriate mathematical mode
formulae or techniques to process informatiq
and to draw relevant conclusions.

O7b Select appropriate mathematical modeg
formulae or techniques to process imfoation
and to draw relevant conclusions.

O7c Use appropriate mathematical mode
formulae or techniques to process informatiq
and to draw relevant conclusions.
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Guide- DM: Doing Mathematics, HP: Procedures with connections to meaning, LP: Pexcedlinout connections to meaning, LM: Memorization

ID | WI ()| W1 (i) | W2 (i) [ W2 (iv) | W3 (i) [ W3 (i) | W3 (iii) | W4 (i) | W4 (ii) [ W4 (i) | W5 (i) [ W5 (ii) | W5 (iii) | W6 (i) | W6 (i) | W6 (iv)
1 [HP [ HP HP DM LP HP DM HP | HP HP HP | LP LM HP LM HP
3 [DM [ HP DM DM HP | HP DM HP | HP HP LP LM HP HP HP DM
4 [HP | HP LP DM HP | HP DM HP | HP HP LP LP HP HP LP DM
5 [LP HP HP HP LP HP DM HP | HP HP LP LP HP HP HP HP
6 |HP | HP HP HP LP LP HP HP | LP HP LP LP HP HP HP HP
7 [HP [ HP HP HP LP LP HP HP | LP LP LP LP HP HP HP HP
8 [DM | HP DM DM HP [ DM | DM HP | HP HP LP LP HP DM | DM HP
9 [HP | DM HP DM HP | DM | DM HP | HP DM LP LM DM HP LM DM
10 DM | HP HP HP DM | DM | DM HP | HP HP LP HP HP HP HP HP
11 |HP [ HP HP HP HP | HP DM HP | HP HP LP LP HP DM | HP DM
12|HP [ HP HP DM HP | HP DM LP LP HP HP | DM | DM DM | HP DM
13[HP [ HP HP DM LP LP DM HP | DM | HP LP LP HP HP LM DM
4| HP [ HP LP DM LP LP DM HP | HP DM HP | HP DM HP DM DM
15/ DM | DM HP DM HP | DM | DM DM | DM | DM LP LP DM LP HP DM
16 | HP | HP HP DM DM | HP DM LP HP HP DM | LP HP LM DM HP
17 [HP | DM LP HP LP HP HP HP | HP LP LM |[DM | HP HP HP DM
18| HP | HP HP HP HP | DM | DM DM | HP DM LP LP HP HP HP DM
19[HP | HP HP DM HP | HP DM HP | HP HP HP | HP HP LP LM DM

Table 62: Individual Coder Classifications for LCD framework
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P w1l (i) W1 (i) W2 (i) W2 (iv) W3 (i) W3 (i) W3 (iii) W4 (i) W4 (i) | W4 (iii) W5 (i) W5 (i) W5 (i) W6 (i) W6 (i) W6 (iv)
1 o1 o1 o1 o1 o1 o1 o1 o1 o1 02 o1 05 05 05 05 06
04 02 02 03 05 05 05 05 05 03 O7c O7c O7c 06 O7c
05 03 04 05 O7c O7c 06 06 06 O7c
06 04 O7a O7a O7b O7b
O7b 05
3 o1 02 02 05 o1 05 05 05 05 02 05 05 02 05 05 03
05 05 05 06 05 06 06 03 O7b 03 05
06 O7a 06 O7b O7a 05 06
O7a O7b O7b
4 01 o1 o1 01 05 04 05 05 05 03 06 06 o3 05 06 03
05 02 02 03 06 05 06 06 06 04 O7c O7c 06 O7c 05
06 04 06 05 O7a 06 O7a O7b O7b O7a 06
06 O7a O7a
5 o1 02 o1 05 06 05 05 O7c 05 02 O7c O7c 02 02 O7a 02
06 03 02 06 O7c 06 06 O7c 03 o3 03 03
O7a O7a O7a 05 05
O7c

Table 63: Individua | Coder Classifications for PMOz Coders 17 5
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D W21 (i) | W1 (i) | W2 (i) | W2 (iv) | W3 (i) | W3 (i) | W3 (i) | W4 (i) \(/i\i/)4 W4 (i) | W5 (i) | W5 (i) | W5 (iii) | W6 (ii) | W6 (iii) | W6 (iv)
6 o1 o1 o1 o1 o1 o1 o1 05 05 03 05 03 03 03 03 03
05 02 02 02 05 06 05 O7c O7b O7c O7b 05 05 05 05 05
06 03 03 03 06 O7b 06 O7c
O7c 06 05 04 O7b O7b
06
O7c
7 o1 o1 o1 o1 o1 o1 o1 05 05 05 05 03 03 04 03 03
05 02 02 02 05 06 05 O7b O7b 06 O7b 05 05 06 05 05
06 03 03 03 06 06 O7b O7c
O7c (09) 05 O7a O7b
06
O7c
8 o1 02 o1 02 o1 06 o1 o5 O7a 03 05 o5 02 05 05 o1
04 02 03 06 O7a 05 O7b 04 O7c O7c 03 O7a O7a 05
06 O7a O7b 05 O7a
O7a

Table 64: Individua | Coder Classifications for PMO Coders & 8
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W1 (i) | WL (i) | W2 (iii) | W2 (iv) | W3 (i) | W3 (i) | W3 (iii) | W4 (i) | W4 (i) | W4 (iii) | W5 (i) | W5 (ii) | W5 (i) | W6 (i) | W6 (iii) | W6 (iv)
9 01 02 01 o1 01 o1 05 05 05 02 O7b O7b 02 05 05 03
06 04 o4 o3 05 04 06 O7b O7b 03 03 O7b 05
O7c 06 06 06 05 O7a 05 O7b 06
O7c O7c O7b 06 O7a O7a
O7b
10 01 02 01 010 01 o1 01 05 05 o3 06 04 03 02 02 02
04 04 02 O7a 05 05 05 O7c O7c 04 O7c O7b 04 04 05 03
05 04 06 06 06 O7b O7c 04
06 O7b O7b O7a O7c
11 01 02 01 o3 05 05 05 05 05 o3 05 05 02 o1 O7c 03
05 05 06 06 06 O7b O7c O7c 04 04
06 O7c O7c O7c O7a 05 05
O7b O7a
12 o1 02 o1 o3 o1 05 02 05 05 o3 05 02 05 o1 05 04
05 04 05 06 06 05 06 O7c 04 06 05 06 04 O7b 05
06 O7a O7b O7a O7a O7c O7b O7b O7a O7a 05 O7a
O7a

Table 65: Individua | Coder Classifications for PMO Coders 912
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ID w1 (@) [ w1 Gi) [ w2 i) [ w2 @v) [W3 () [ W3 (i) [ W3 i) [ Wa () [ wa ()| W4 Gii) [ W5 @) [ W5 (i) | W5 Giii) | W6 (i) | W6 (iii) | W6 (iv)
13 o1 o1 o1 03 05 05 o1 05 05 02 05 05 03 05 04 o1
05 02 02 04 06 06 05 O7c QO7c 03 QO7c O7c QO7b O7c 05 02
06 05 O7a QO7c O7c 06 04 03
O7a O7a 04
05
O7a
14 o1 01 01 o1 o1 o1 o1 O7c QO7c 02 05 05 03 05 05 03
05 02 04 03 06 04 05 04 QO7c O7c 04 O7b O7a 04
06 QO7c 04 QO7b 06 06 QO7b 05
O7b O7a O7b Q7c O7a
15 o1 o1 o1 02 o1 o1 o1 05 05 02 QO7c O7c 03 O7c o1 03
06 02 04 03 06 04 05 O7b QO7b 03 05 05
O7a 04 04 O7b 06 06
06 QO7b
16 o1 02 o1 03 05 o1 o1 O7c O7a 02 05 O7b 02 05 o1 02
06 03 02 04 06 05 05 QO7c 03 O7a 03 O7c 05 03
O7a 04 03 O7a QO7a 06 06 04 o4 O7a 05
04 O7a O7a 06
O7a
17 o1 01 01 o1 o1 o1 o1 05 05 02 06 06 02 03 02 02
06 02 02 03 06 06 05 06 06 03 QO7b O7c 03 06 06 05
O7b 04 04 O7c O7c O7c 06 O7c O7c 04 04 O7a O7a 06
O7c 06 O7a 05 O7a O7a
QO7c O7b

Table 66: Individ ual Coder Classifications for PMO Coders 1317
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1D W1 W1 W2 W2 W3 W3 W3 W4 W4 W4 W5 W5 W5 W6 W6 W6
(i) (i) (iif) (iv) (i) (ii) (iif) (i) (ii) (iii) (i) (i) (iii) (i) (iii) (iv)
18 | O1 02 o1 o1 04 04 05 05 05 02 06 05 05 05 05 05
04 06 02 05 05 06 O7a 03 06 O7a 06 06
05 04 06 06 O7a 04 O7a
O7a 05 06
06
O7b
19 | 01 o1 03 02 o1 o1 o1 o1 o1 02 o1 o1 03 o1 05 o1
05 05 04 03 05 02 02 05 05 03 05 05 04 04 06 (0K}
O7b | O7c 06 06 04 05 06 06 04 O7b | O7c 05 O7c | 04
O7b 05 06 O7c¢ | O7b | O5 O7b 05
O7a | O7a 06

Table 67: Individua | Coder Classifications for PMO Coders 1819
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