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Abstract

Caitriona Ni Shé: Students' engagement with technegyanced resources in first year non
specialist undergraduate mathematics modules

While students undertaking firstear undergraduate mathematics modules report using
technologyenhanced resources (YouTube, Khan Academy, Wolfram Alpha) for their studies, and
lecturers invest time and effort into developing such resources using toolsasiGeoGebra and
Matlab, there has been little research on the factors that encourage students to engage with
particular technologyenhanced resources or in what ways students use these resources to support
their learning. While arecent OECD report foud that an increase in the use of computers in
YFEGKSYFGAOa Ay aoOkKz22fa O2NNBil GSR yS3ltiekedSt &
are suggestions that the effectiveness of educational technology is not being adequately
determined due to the lackf frameworks of evaluatiorAdditionally, more information regarding

the implementation of the resources is required.

| worked as part of a team of academics from four higher education institutes in Ireland, who
developed a suite of resources, callectfieologyenhanced Resources for Mathematics Education
(TeRMEQd), for firsyear nonspecialist mathematics modules. My specialist role within the team
was to evaluate the resources developed or implemented. The main aim of my research was to
explore why, ad in what way, firstyear students engaged with these resources to support their
learning for nomrspecialist mathematics modules and to determine what factors of the
implementation environment impacted on this engagement. This research consisted ofafies st

(2) literature review; (2) research design; (3) analysis of the TeRMEd evaluations; (4) development
of the TeRMEd classification framework; and (5) supplementary investigations ofefst
SYaiAySSNAy3 aiddzRSydaqQ Sy3l adoygenhianced fesolcesa Thé f | o
outcomes of this research will inform mathematics educators on appropriate evaluation of
technologyenhanced resources and on how best to implement them to ensure appropriate
student engagement. The research will increase kwmowledge on how students engage with
technologyenhanced resources and will inform practice in the field.
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Chapter 1 Introduction to thesis
1.1 Introduction

The use of digital technologies has becomgquitous in our societies. In higher education
institutes, students are constantly connected via smart phones, laptops and the internet.
Multimedia information on any topic or skdan be sourced effortlessly by students.
Consequentlyit would be expeced that students would effectively engage with technology
enhanced resourceprovidedby lecturers to supplement their learninddowever, is this actually
the case? Bw effective are these resourcegye some more effective than otherdfow can we
tell? Currently, there is an ongoing debate in the internatiorducationalcommunityabout how

best to usedigital technolog/ to supportstudentengagement, and as a consequenearning, in
higher educatior(Bayne, 2014; Selwyn, 2010)

In mathematics educatigrresearchers have pointed to the need to establish which technology
implementations work best and whgo that they can be used effectivgrijvers 2016b) In his
lecture on digital technology ipostprimary mathematicseducation Drijvers (2015) refers to
ddecisive factorsthat beneficiallyinfluence the ue oftechnologyenhanced resource©ne of the
barriers to establishing theedecisive factors is the lack ishmeworksthat can be usetb evaluate

the use of technologgnhanced resource@. King et al., 2014)

This study sets out to identify the decisive factors that influence the effectiveness of the use of
technologyenhanced regurces in higher education mathematics. Their effectiveness is evaluated

in terms of student engagement with these resources.

1.2 Research Intent

In their report on building digital capacity in higher education in IrelandN&gonal Forum for the
Enhancemenof Teaching and Learning in Higher EducafidR) recognisethe importance of

building first& ST NJ dzy RSNENJ Rdzr 6 S &G dzRSy (& Q (Nzy2R8)Rie & A y 3
research outlined in this PhD thesis stemmed from one of the associatddndE&d projects,
Wssessment for Learning Resources for Mesir Undergraduate Mathematics ModwgéNF, n.d.

b). The resources developed for thisdfiilhded project were aimed at addressing a widedported

problem: that first-year undergraduate students in Ireland are ungeepared for the non

specialist mathematics modules they encounfaulkneretal., 200T DAt f 3 hQ52y 23
This has been found timmpact on their ability to successfully complete their first year at higher
education(Liston et al., 2018which has consequences tbie targets for higher educatioset out

by the Department of Education and Skills (DEEES, 2011)The lack of basic mathematical skills



on entering higher education, and thesultant impact on progression and retention, has also been
identified in an international contextJ. Allen et al., 2008; Galligan et al., 2015; Liu & Whitford,
2011; Loughlin et al., 2015; OECD, 2009; Trenholm et al., 2019; Wang \2@®@matics Learning
Support Centres (MLSCsve been put in place in an attempt to address this issue in a nuaiber
higher education institutes, particularly in Ireland, the UK and Austfléavson et al., 2012; Mac
an Bhaird et al., 2011; MacGillivray, 2009; Samuels, 20E@}urers have also sought to address
this issue through the provision of technolegghanced resourcefCouplad et al., 2016; Kay &
Kletskin, 2012; Loch et al., 201Furthermore, studentsattending firstyear undergraduate
mathematics modulesseltselect support materials and usechnologyenhanced support
resources such as YouTube videos, Khan Academiyalfichm Alphao support their mathematics

learning(Anastasakis et al., 2017b; Dalby et al., 2013; Ni Shé et al., 2016)

Student engagement in higher education is known to be a predictor of successful retention and
programme completion(Fredricks et al., 2016; Kahu & Nelson, 2018; Trowler, 2(8td)ent
engagement, as examined by Trow(2010)in her report for the Higher Edutian Academy in the

UK, is reflected by the time and effort spent by students interacting with relevant resources and
institutional supports. Improving student learning is central to the idea of student engagement, as
described by Coatg2005, p. 26)

Uh essence, therefore, student engagement is concerned with the extent to which students are
engaging in a range of educational activities that research has shown as likely to lead to high quality
learning ®

Student engagement is known to be influenced by factors such as the provision of effective
resources and suppor{8eer et al., 2010; M. Bond & Bedenlier, 2019; Kahu, 2013; Zepke & Leach,
2010) It is important, therefore, to evaluate the effectiveness of resources thapait in place in

terms of student engagement. The initial inspiration for this PhD thesis was the need to evaluate

the effectiveness of the technologgnhanced resources developed by the lecturer team involved

in the NFF dzy RS R ASbERsB\énOfor Lading Resources for First Year Undergraduate
Mathematics Module@ @ C2ft f 2gAy 3 +y AYAGALFET £ AGSNF GdzNBE N
the project was refined to focus on factors that impact student engagement with technology
enhanced resources andidened to include the development of an evaluation framework that

practitioners can use to support their planning and evaluation of such resources.

The effectiveness of using technology in mathematics education is under questiecent OECD
report (2015) identified that an increase in the use of comers in mathematics in schools
O2NNBf I GSR yS3alIaA@gSte gAGK AdAddzRSyGtaQ LISNF2NYI



(Coupland et al., 2016; Geiger et al., 2016; Selwyn, 20tt#ee findings are disputedResearch
reported byRakes, Valentine, McGatha and Roi2010)claims that the use of technology tools
do improve studerd €bnceptualunderstandingof mathematicsIt hasalsobeen suggested that
the effectiveness of educational technology is not being adequately determined due to the lack of
frameworks of evaluation(M. King et al., 2014and that more information regarding the
implementation of resources is requirdBrijvers 2015) Drijvers(2016b)suggests that empirical
studies which focus on experimental research do not examine the educésetiang and how the
G§SOKy2ft238 KIFIa 0SSy AYLX SYSYy(iSR o0é& (GKS GSI OKS
YR K2¢g AlG Aa dzHBdns étal,2aR & ciiédbmjvers Z0F61H, .6GYo Dat the
WRSOAAAGS TFTILOG2NBRQ GKFG Sadl o@Diver 204685 @B.yliedz f

(@]

importance of implementing appropriate pedagogical practices when using technology to support
learning inmathematicseducation has been long establish@ray & Tangney, 2013; Geiger et al.,
2016; Pierce & Stacey, 201(jowever, studies reporting on the use of technology do not
necessarilyexamine the effects the particular pedagogical practicage on student engagement

with the technology(Drijvers 2015; Henrie, Halverson, et al., 2015)

Two interconnected problems have been identified from the literature. The first problem relates to
the necessity of determining factors that encourage students to engage with techretdgnced
resourcedo support their learning of mathematics. The secaddentifiesthe lack of frameworks
of evaluation that can be used by practitioners to examine the effectiveness of technology

enhanced resources that they develop for their students.

1.2.1ResearclAims

The aim of this research is to explore why, and in what way;)eat undergraduate students
engage with selected technologgnhanced resources to support their learning of mathematics for
non-specialist mathematics modules and to determine what factifrghe learningenvironment

impact on their engagement.
Research Obijectives

(1) To review the current literature on the use of technolegyhanced resources by first
year undergraduate students in supporting their mathematics learning.
(2) To investigate how theffectiveness of such resources has been evaluated.
B)¢2 SGOlLrfdad dS GKS STFFSOG GKS tSFNYyAy3a SygdiNR

selected technologynhanced resources.



(4) To develop a researdbased evaluation framework that can be used by practitioners
determine the effectiveness of technologynhanced resources that they develop for

their students.

1.2.2Research Questions

Three research questions have been identifiedddress tha&ims andobjectivesof this PhD study.

The firsttwo research questionsra used to determine the implementation factors and pedagogical
features that impact on student engagement with technolemhanced resources. The third
research gquestion addresses the development of an evaluation framework to be used by
practitioners wha evaluating the technologgnhanced resources they provide for their students.

The three research questions are:

Research Question 1 @1): What are the key factors of technologyhanced resources and

their implementations that influence students' engagent with these resources?

Research Question 2RQ2: What are the key pedagogical features of technoteghanced

resource implementations that impact on student engagement with these resources?

Research Question 3RQ3J: How can the outcomes of RQ1 anQRbe used to develop a
framework that practitioners can use to evaluate the effectiveness of their implementations

of technologyenhanced resources?

In the first instance in this thesis, it is important to define and understand the difference between
RQland RQ2. According to the Oxford English Dictionary (({EED) n.d-a Definition 1) a factor

A &n elément which enters into thmposition of something circumstance, fact, or influence

G KAOK 02y i NR RQseeks tdlfihd thoseNdBrdedr$ di tBchnolegyanced resource

AYLX SYSyidlGAz2zya GKIFIG AyTFtdz$SyOS addzRSyidaQ Sy3l
featdzNB A & R\SIithgive Rr chagactetistic part of a thing; some part which arrests the
FGGdSyGdAaz2y o0& AGa O2y @EInG.dedeliditiprSadi Thus ZRQR deid@terfing Sy O
iKS OKFNIOGSNRaGAOA 2F GKS LISREFI23IASE | aaz20Al
engagement with technologgnhanced resourced-or example, a factor may be whether the
resource is used in class not, whereas as a feature of the pedagogy will be the types of tasks

supported by the technology.

1.3Research Methodology

In order to address the aims and objectives of this PhD research study, both pragmatic and
interpretive approaches are taken. An inpeetive approach was beneficial when investigating how

students engage with technologgnhanced resources. In order to generate theory on why and in
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what way students engage with technology, meanings were derived from the documented student
and lecturer eperiences. On the other hand, a pragmatic approach was used to develop a
framework of evaluation. This involved the identification of the factors that impact student

engagement with technologgnhanced resources and converting these into a practical &gt

a classification framework that practitioners can use to evaluate the effectiveness of the

technologyenhanced resources they develop for their students.

The research methodology chosen for this PhD study reflects the need to select methods tha
support the paradigm taken by the researclt{iivunja & Kuyini, 2017; Lincoln & Guba, 2000a
pragmatic approach, careful and complementary use of both qualitative and quantitative methods
allows exploration of the complexity of human behaviours, which are then used to develop a
solution for a problem; a mixed methods approach is then approp(lateam, 2012; Farrow et al.,
2020; Morgan, 2014; Morrison, 2007)nterpretive approaches generally involve qualitative
research méhods to gather data, and inductive analysis is then used to generate theory from the
documented real life social experiendg&arrow et al., 2020; Kivunja & Kuyini, 2000#us, anixed

methods study was designed for this PhD study.

1.3.1Researclbtages
There were five si@ges in this research study:

i Stage 1: Literature review

1 Stage 2: Research Design

1 Stage 3: Nffunded project technologggnhanced resource evaluations

I Stage 4Technologyenhanced Resources for Mathematics EducafiteRMEd)
framework development

i Stage 5: Using the TeRMEd

Data was gathered and analysed at various stages throughout the research study period. The
outcomes of the analysis of each stage of the research were then used to inform subsequent stages.
In addiion, the outcomes of the analysis at various stages of the research were used to address the
research questions posed as a result of the literature review. fsearch desigmprocess is

illustrated in Figure 1.3.kelow.
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1.3.2Research Methods

The data gathering methods wergelectedo reflect themixed methods nature of the study. During
stage 3, a student survey was designed to eligdrgitative data with respect to student opinions

of the NFfunded project resources. The survey findings were used to identify factors that impact
on student engagement. A total of seven different student groups completed this survey. Usage of
the resoures was either recorded electronically or provided by the lecturer. Student qualitative
data was gathered, both as an open question within the survey and as part of two student focus
groups. Lecturer comments on the use and evaluation of the resourcesalveited through phone

and email conversations.

During stage 4, outcomes of the literature review (completed in stage 1) were used to contribute
to the design of the TeRMEd framework, together with the factors identified in the evaluations of
the NFfunded project resources. A lecturer survey was designed and implemented to gather
f SOGdZNBNBEQ 2LIAYA2Yya 2F GKAA FNIYSE2Nl = | yR dzaé

and evaluation of technologgnhanced resource integrations.

In stage 5, theTeRMEd framework was put into practice. The classification of Matlab within the

TeRMEd framework, by this researcher and the lecturer involved in the module, was used to plan
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short survey was then used to evaluate the effectiveness of the integration of this resource within

the module. Following on from that, two student foegeoup interviews were held to corroborate

the outcomes of the Matlab evaluation and fbdr probe the factors that influence student
engagement with technology.

vdzl YGAGI GAGS ylteara gl a O2yRdzOGSR 2y GKS NB
both MS Excel and SPSS. Qualitative inductive analysis was used to code the apeargiifacus

group responses within the NVivo application. The outcomes were examined through the lens of
the holistic nature of student engagement as suggested by Kahu and N@Bb8) Specifically,

student engagement with technology was examined in the context of the ilegr@environment

within which the technology is integrated. This latter analysis served to focus the study on the

exploration of why and in what way students engage with technelaglyanced resources.

1.4 Researchontribution

The three main contributions of the study are illustrated in green in Figure 1.3.1. above and

discussedn more detail below

1.4.1Factors andeatures that impact student engagement with technology

The evaluation of the Nfunded project resources enabled thielentification of a list of
implementation factors that impact on student engagement with technolegiianced resources

within first-year undergraduate nospecialist mathematics moduleShe focussed literature

review revealed further pedagogical featsr¢hat have been found to influence this cohort of
a0dzRSYyGaQ Sy3l 3S Y-&haiicedgrdsourcesviihiieOniaryy 20f thedl® factors

identified are corroboratedin the literature, a number of them have not been examined and
investigatedthrough the lers of student engagemeniWhen considered togethethey provide a

response to Drijverg2016b, pp. &7) quest to findi KS WRSOA&aA GBS FIF OU2NRARQ |
0 Sy S ésimgitézhnology in mathematics education.

1.4.2Indicatas and measures of student engagement with technolegiianced

resources

This studydentified indicators of student engagement within the observations and measises

to evaluatethe NFfunded resoures Whileengagemenindicatorsareused toY S I & dzZNB & (G dzR S
positive and negative engagement with technol@Bwpnd & Bedenlier, 2019; J. Lai & Bower, 2019)
mapping of such indicators tothe three dimensions of engagemertas beenshownto be
problematic(M. Bond et al., 2020; M. Bond & Bedenlier, 2019; Fredricks et al., 2016; Sinatra et al.,



2015) The engagement indicatorfyund in this study, were mapped to the three dimensions of
engagement allowing the examination of student engagementith technologyenhanced
resources in an integrated mannend contributing to the discussion othe holistic nature of

student engagemenfAttard & Holmes, 2020; M. Bond & Bedenlier, 2019; Yang et al.,.2018)

1.4.3The TeRMEd classification framework

The pragmatic nature of the study involved the development dfaanework of evaluation, the
TeRMEd chksification frameworkTheresearchllustrated how a practitionesuccessfully useithe
TeRMEd framework to support the effective design and integration of technologylatter is a
key requirement of using digital technology to support student engagement, andas a
consequence learning in higher educatioriBayne, 2014; Selwyn, 201 ot only does this
framework support the factors that influence student engagemdettified through this research,
it also encompasses many ofetlelements of existing frameworksed toconsider the impact of

technology on student engagemefittard & Holmes, 2020; M. Bond & Bedenlier, 2019)
A note on terminology

While it is not always clear ithe literature what delineates a theoretical framework from an
evaluation framework (Nilsen, 2010), many education researchers refer to theoretical frameworks
to describe how learning occurs in given situations, see for example Drijvers (2015). On the othe
hand the term$tamework of evaluatiofis often used to describe how (technology) integrations
are evaluated, see for example King et al. (20I6).add to this confusion the term theoretical
framework is also used to specifically describe the striectimat guides the development of a

research study.

In this context the TeRMBdameworkis referred to as a classification framework of evaluation
that supports both the classification and evaluation of technoleghanced resource
interventions. The term theoretical framework is used throughout the thesis to refer to either the
developmentof learning theories within a research context, or to the framing of a research study,

wherever relevant.

Two articlesrelating to the outcome®f this thesis arén preparation one on the evaluations of
the NFfunded project resources with respect touskient engagement with technologgnhanced

resources; and the other on the development and use of the TeRMEd framework.

1.5Qutline of this thesis

This chapteintroducesthe research work carried out in this Phhedetails of the research and

its outcomesare contained in the following seven chapters
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Chapter 2: Literature review

Chapter 2discussesand analysesthe literature in the field under study. It concludes with the
identification of the research aims and objectives and the development ofgbearch questions

that areaddressed in théollowing chaptersThere are four main sections the literature review

1 Section 1: Student engagement with technology in higher education (and mathematics)
1 Section 2: Technology in education and in mathensatitiigher educationwhat works
and what doesot
1 Section 3: Evaluating technology use in higher education (and mathematics) and the use
of frameworks and models

9 Section 4: Conclusiorf the literature review
Chapter 3:The National Forum funded project

Chapter 3establishesthe context of the project.lt discusses the backgrounm first-year
undergraduate norspecialist mathematics in undergraduate education in Ireldndxplainsthe
context of the development of the Nitinded project resourceand icentifiesthe members of the
project team and their role within the projecEinally, it containg description of the various NF

funded project resources and specifics of the trials associated with each of the resources.
Chapter 4:ResearchMethodology

In Chapter 4 the rationale for the research design and methodology chosen for the project are
considered. The research paradigm adopted by this researcheistiied and an appropriate
methodology selectedChapter 4 also describdéise research design and instrumentisedat each
stage of the researcfThe validity and trustworthiness of the study is discussgdng with a review

of the ethical considerations.
Chapter 5: Student engagement with the NRinded project resources

During stage 3the NFfunded project esources, described in Chapter 3, were evaluated to
determine the effect different learning environments have on student engageme@ttapter 5
contains an analysis of the data gathewrst the relevantoutcomesarethen explored witha view

to addressing R1 and RQ?2.
Chapter 6: Development of the TeRMEd Framework

In Chapter 6the rationalebehind the development of the various sections and categories of the
TeRMEd framework is described. The use of the 12 factors, ideritifiédapter 5to construct the

TeRMEd framework is considered throughotitis framework wasthen tested. The Nfunded



project resources were classified within tieRMEdramework and the lecturers involved in the
project were asked to reflect on the classificatiofite outcomes of this research are discussed in
terms ofpossible implications for future iterations tfe resources and the valuer otherwiseof

usingthe TeRMEdramework.
Chapter 7:Using and evaluating the TeRMEd framework

In line with the pragmatic nature of this PhD research approach, it was important to test the
TeRMEd framework in a relevant edticaal setting. ThusChapter 7 considers the use of the
TeRMEd framework thelp plan and evaluate the integration of the technology tool Matlab into a

first-yearundergraduate mathematics module.
Chapter8: Discussion and Conclusions

In Chapter 8the research questions are answered. Theerall findings from the research project
are discussed in the wider context of literature instarea. The significana@nd limitationsof these

findings aredescribedalong withthe recommendations fofuture reseach projects in thisarea
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Chapter 2 Literature Review
2.1 Introduction

The role of the literature review within a thesis is multifaceted. In the first instaibh@dows the
researcher to build an account of the research that has been carried out in the area. This account
serves to delimit the research field, identify new areas of research, and support the originality and
contribution of the thesigBoote & Beile, 20 Hart, 1999; Randolph, 200Becondly, it serves to
inform the researcher of the theoretical frameworks and research methods that are used in their
particular field(Boote & Beile, 2005; Hart, 1999; Randolph, 206®ally, the literature review
enabks the researcher to identify the important research, the seminal articles and the influential

researchers in the are@oote & Beile, 2005; Hart, 1999; Randolph, 2009)

Because of the multifaceted nature of the literature review, it is important that thepscand
objectives are weltdefined. Effective literature reviews should adhere to a number of criteria such
a GK2aS 2 dzi (999, SsRited iy’ Randdlgn| 2809, ptaonomy of literature reviews
'y R . 220 S (2009)Reraturg fevie® @cring rubric. Criteria to consider are: the focus and
goal of the review, the basis for document inclusion and exclusion, the timeframe reviewed, the
sources of the mizrial, and the perspective audiend®andolph, 2009)t is also important to
acknowledgehe implications of the Hawthornandnovelty effectswhen gathering andaviewing
research studiegFranz, 2018; Hochberg et al., 201search studies that attempt to minimise
this, for example by using muitiethod and multimeasurement research designs, wdoeated
when identifying sourced-(anz 2018).Similarly publication bias can impact on the availability of
studies that record npor detrimental effects of education iterventions (Constantine, 2012)

Therefore, articles that reported such outcomes were specifically included in the study.

There are many different forms of the literature review such as narrative, traditional, scoping,
methodological and systemat{®aker, 2016; Grant & Booth, 2009; Onwuegbuzie & Frels, 2016)
One particular type of narrative review, called a general literature review, is often used for the
introduction to a dissertatioffOnwuegbuzie & Frels, 201@his type of review provides the means

to analyse relevant and significant aspects of prior research carried out, and to identify the gaps
that require further research. The general literature review form was used for the initial
investigation into the research arez this projectand guided thedevelopment of the research
guestions. The review of relevant literature continued throughout the period of research, and
refinements of the articles to be used in the thesis were made along the way. This process resulted
in a body of oveBOOarticles. Atvarious junctures throughout the projea methodical approach

was required to examine the relevant literature. For example, when investigating the types of
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models and frameworks used to help evaluate the use of technology in educitizars essential

to locate all relevant studieshence amore systematic approach to the literature review was
undertaken. Details of the scoping of the literature search and selection of articles are outlined in
this chapter where relevant. Further justification for thetypes of literature review used is

contained in the research methods of Chapter 4.

The research reported on in this thesis is aimed at establidhivg and in what way students
engage with technology and thiactors that influencetheir engagement specifcally students
attending firstyear undergraduate nospecialist mathematics modules. Three main irgated

areas of literature were identified that contribute to this research area. These are:

1 Student engagement with technology in higher education (aradhematics)

1 Technology in education and in mathematics in higharcadion:what works andvhat
doesnot

1 Evaluating technology use in higher education (and mathematics) and the use of

frameworks and models

The outcomes of the literature review are presed in the following three sections of this chapter.
In the section 2.5 the conclusions from the literature reviews are drawn together to form the
research problem, objectives, and questions that are addressed in this thdsés.research

framework whichis used to addresthe researchquestionsis considered in the final section.

2.2 Studentengagement with technology in higher education (and
mathematics)

Over the last twenty yearsigher education institutions have increasingly focussed their attention
on student engagement as an indicator of the quality of their educational offe(iighk, 2003;
Trowler, 2010) This is unsurprising as many studies have shown that student engagement
influences student succeglsl. Bond & Bedenlier, 2019; Fredricks et al., 2016; Henrie, Halverson, et
al., 2015; Schindler et al., 2017; Sinatra et al., 2015; Trowler, 2Di8)dition, the use of digital
technologies has become more pervasive inisty and in educatiofM. Bond & Bedenlier, 2019;
Henderson et al., 2015; Schindler et al., 20Thereforgthere is a growing interest in how the use

of technology in higher education impacts on student engagentihtBond & Bedenlier, 2019;

[ 2dzLX I YR SO If®X wnmcT hQCftfl KSNI& 3 .HoWevdrf A LJA X
specific research into student engagement and technology use is si@ais@dle(2017)found no
systematic reviews that considered the association between the two concepts. Many researchers
have statedthat studies in student engagement are difficult to identifgcausethe constuct of

engagement is so loosely defin@d. Bond et al., 2020; Fredricks et al., 2004; Henrie, Halverson, et
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al., 2015; Kahu & Nelson, 201Burther, Trowler (2010, p. 3explainedthat studies investigating
concepts such as student feedback and approaches to learning were in fact exgaerigagement,

without having identifiedstudent engagemenas a construct in their investigations.

As the main aim of this PhD research is to examine student engagement with technoltgy, in
section of the literature reviewstudies that examine teclatogy use(and explicitly refer to and

define engagement are reviewed Studies into the use of technology inundergraduate
mathematics educatiothat do not reference engagemeate examined in subsequent sections of

this chapter.A general review of thditerature was carried out to investigatexistingresearch
studieson student engagement with mathematics education technology. Databaselsiding
Education Research Complete (ERC) and Web of Scigeme used to locate articles using a
number of key érmssuch as?a i dzZRSy i Sy 31 3SYSy i Q> WGSOKyz2f 238
WKAIKSN) SRAzOF GA2Y QS Wdzy RENEBNI} Rdzk §8& SRdAzOF (A 2y
inclusion based on their relevance to the subject area of this research. Artgpdmerally peer
reviewed, that explored the concept, definition and measurement of student engagement, or that
examined the effect of student engagement with technologgdhad a focus on higher education

andor mathematicswere selected. In additiorseminal works were examined for further insights.

There were oved5 articles identified that investigated student engagement with technology and

14 of those were related to mathematics learninthe following questions were formulated based

on one of theaims of the thesis why andin what way dostudents engage with technology to

enhance their mathematics learning for fingtar undergraduate mathematics modutes

1 LRQ2.1What is meant by studereangagement with technology and why is it important?
1 LRQ2.2In what way(s) has student engagement with technology been measured?
1 LRQ2.3What are the factors of implementations that encourage/discourage student

engagement with technology

These questions &re then used to examine the body of literature and are answered in the

following three subsections.

2.2.1LRQ2.1What is meant by student engagement with technology and why is it

important?

While many educational studies have reported on student engagemeste ils no single definition

of the term to be found in the literature. Despite this, there is general agreement in education
research literature that the current understanding of the concept of student engagement stems
FNR Y (1883)Work@mistudent development theory, and Fredrieksl, (2004)seminal paper

on school engagemeri€Coates, 2007; Kahu, 2013; Schindler et al., 2017; Trowler,.200}3tudy
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of Fredricks et al2004, p. 59)ecognised that a focus on student engagement posed a remedy for
the problem of poor academic motivation and success that was prevalent in schools in the USA. In
their article Fredicks et al(2004)acknowledged the difficulty in synthesising research literature

on student engagement:

Because there has been considerable research on how students behave, feel, and think, the attempt
G2 02y OSLIidzZ tATS IyR SEIFIYAYS LERNIA2ya 2F (KS |
problematic; itcanresultinapbol¥ SN GA2y 2F 02y aiNHzOGazx RSUYAGA

differ slightly, thereby doing little to improve conceptual clafiyedricks et al., 2004, p. 60)

Nonethelessthey found that the literature was focussed on constructs which relate to one or other
of three types & engagementbehavioural, emotional and cognitive. Some researchers refer to
emotional engagement as affective engagement, with reference to the psychological approach to
emotions (Kahu, 2013, p. 761)Fredricks et al(2004) collated and discussedhe following

definitions from the literature:

1 Behavioural engagenme is generally defined in three ways; positive conduct (following
rules and guidelines), involvement in learning tasks (effort, persisteand)participation
in school related activities
T 9Y20GA2y It Sy3alF3aSySyid NBTSNAhekldssréomdanSy (aQ I
0SAy3 02NBRXI &alRXI FyEA2dza SGiOd odzi Ffaz ad
1 Cognitive engagement comes from an investment in learning andegglfation, and

being strategic when learning
(Fredricks et al., 2004, pp. 623).

Therehave been a number of suggestions for further dimensions of engagement such as agentic
YR a20AFf Sy3aF3asSySyido 1'3SyidAaA0 Sy3dl I6owdeiri Aa |
instruction advances(Reeve & Tseng, 201lpinatra et al.(2015, p. 3)described agentic
engagement as studerproactive involvement in their learning environment, whereas the other

three engagement dimensions are reactions to the learning environmeme. final dimension
suggested, acial engagementtakes into account the increasing role peer and collaborative

learning have on educatioffrredricks et al., 2016)

In higher education student engagement has been examined by a number of key authors, many of
whom go beyond definitionin terms of dimensionand take a more holistic view that includes
Sy3dI3asSySyidiQa IyliSoOIRSVita ZI il nddelil Y2 KIE HAmMOT Y
2010; Trowler, 2010; Zepke & Leach, 20Tbke view thatstudent ergagement can be defined in

terms of the interaction of influencing factors which produce a number of outcdmssgained a
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consensus in the literatur@. Bond et al., 2020; Fredricks et al., 2004; Henrie, Halverson, et al.,
2015; Kahu, 2013; Trowler, 201Rgflectingon the National Survey of Student Engagement (NSSE),
implemented in universities and colleges in Canada and the USA,(20018, p. 25)defined

engagement as:

Yhe time and energytsdents devote to educationally sound activities inside and outside of the
classroom, and the policies and practices that institutions use to induce students to take part in

these activitie

Similarily, in the reviews of the literature on engagement taahnology, authors have highlighted

the lack of a definition of student engagment with technolg@edenlier et al., 2020; Henrie,
Halverson, et al., 2015; Schindler et al., 2017; Yang et al.,.2018gir review of the literature on

student engagement in online environmen¥anget al. (2018)found that only 16 of the 40 studies
contained a definition of engagement: these mainly referred to the Fredricks(@0@4)definition.

Many of the studies that examine technology and engagement refer to the early warkof NA& Sy
and Toms(2008) on analysing user engagemeim the context ofusing a number of web
applications{ A YAf I NJ 12 (GKS K2t A&adAO @A Sahd BAs2E®B dzO | { A
proposed that engagement is both a process and a product and that there are certain attributes of

I aeadsSy GKIG Ageméndeihfi@aiSystemTmiviewiRraflected id the definition

of engagement, in the context of educational technology, giveBdyd et al(2020)

Student engagement is the energy and effort that studemploy within their learning community,
observable via any number of behavioural, cognitive or affective indicators across a contitigum
shaped by a range of structural and internal influences, including the complex interplay of

relationships, learing activities and the learning environmdiM. Bond et al., 2020, p. 3)

In this context, it is within the learning activities and environment that the technology with which

students engage resides.

The use of engagement as a window intathematical learning is also growi(igabian et al., 2018;

Lake & Nardi, 2014; Oates et al., 2014; Pierce et al., 2007;-Btbeim & Foldnes, 2018; Trenholm

et al., 2019)Many of the mathematics education research studies that can be classified as reporting

on student engagement focus on cognitive engageni@neénholm et al., 2019)0ne of the early

studies on engagement in a mathematic Of | aNR 2 Y RS filfe yefiieratStgsB I I3 S Y &
specific thinking that a student undertakes while participating in a classroom a&Xiigyme &

Clarke, 2001, p. 136)n their study on the effect recordedideo lectures had on student
engagementTrenholm et a(2019)usedSkillinget alQ @016, as cited iffrenholm et al., 2019, p.
BRSTAYAUAZ2Y tReExtedtyodvhich viddy¢nis ¥eekitleep meaning and understanding as
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well as the cognitive strategies students use to-sadulate their learnin@Pierceet al (2007)drew

the three dimensions of engagement togetherfeaus their attention on cognition while exploring

early teenager@ngagemet with a mathematical analysis todlhey examined howt'a i dzZRSy G & ¥
about the subjecd X § SOGA PSS Sy3IFIASYSyidz 190 FyR K2g (K
0 SKI @A 2dzNT f  Snttihta BdgnitiGagaln(Pierc ét &., 2007, p. 292)

Student€yiews on what constitutes emgement have also being investigat@idongMeng Tai et

al., 2019) Students mainly reported engagement in behavioural terms, thcaigaw students

referred to the cognitive aspects of engagement. A strong thémeemergedwas the association

of engagement with the importarcof applying theory into practicé9 y 3| 3SYSy i Ay f
when you can take the theory and apply it in pracietongMeng Tai et al., 2019, p. 1080)

Student engagement is importamot least because it has been linked to aemic success.
Fredricks et al(2004, pp.70¢71)claim that all three dimensions of engagement have been shown

to impact on student succesk a1 extensive review of published reseamh engagementTrowler
(2010)referséi 2 ydzYoSNJ 2F &addzRASa&a (KI { (ofeteylodral G K I G
engagementimpact on their learningand that¥2 6 8 SNIS R S F T Sifclude cagyriitiveS y 3 | 3
development, student satisfactiorgand influence on student grad@rowler, 2010, pp. 335).

Schindler et al(2017)concluded that the use of technology can impatttdent engagementand
emphasigdthe importance of the effective use of technologies. Henderson €2all5)suggested

that a focus on student engagement can help fividchdigital technologies work best for students

Student patterns of engagement can be used to exa®i f S| NJ/ A yfrat canibeNdsed $oI A S &
AYTF2NY GSIFEOKAY3 LINF OGAOSI &dzLILiR KMirriaki ¢t@lS208S v (i A 2
p. 59) Bond et al.(2020, p. 21highlighted he importance of situating individual studies in an

overall framework of engagemeint order tobe ableto® y 1 SANI 4 S NBaASH NOK FAY

Within mathematics education research, there is also evidence to suggest that student engagement
and the use of technology impacts on learnigigedricks et al., 2016; Helme & Clarke, 2001; Sinatra
et al., 2015; Trenholm et al., 2019tudies on the use of specific tedhogies in mathematics
education have highlighted benefits of student engagement with technologies such as mobile apps
(Fabian et al., 2018)nnovative digital tools i.e. GeoGebra and Desridsomas et al., 2017)
tablets and screencast{$&alligan et al., 2015jlipped classroon{SteerUtheim & Foldnes, 2018)

and online environmentfKanwal, 2020)Iin addition,engagement in matbmaticsand science has

been shown to foster long term participation in STEWedricks et al., 2016, p..5)

While there is a growing body of resefravailable on the impact of technology on student

engagement, there is a degree of uncertainty as to what is meant by student engagement with
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technology. Student engagement has been shown to be an important construct to measure as it
impacts on studentwccess. In the next section, student engagement measures used in research

studies are examined, which will further illuminate the student engagement concept.

2.2.21RQ2.21In what way(s) has student engagement with technology been
measured?

The complexity arounestablishing a definition of student engagement means that measuring
engagement varies considerably from study to styfynatra et al., 2015; Whitton & Moseley,
2014) According to Trowlef2010) the USA and Australia traditionally report on engagement from

a different perspective than the UK. In the USA and Australia, research on engagement is often
based on outcomes of larggcale student surveys, whereas in the UK, research is rooted irn small
scale studies that examine the effects of particular tools, techniques and approaches used in
teaching(Trowler, 2010, p. 3)These largescale student surveys, such as the NSSE in the USA and
Canada, are generally used to gauge a broad rahgmgagement indicators, consistent with the
view on engagement held byiany researcherghat the wider social and institutional interactions

and experiences are important components of a holistic approach to engagdiMer®ond et al.,

2020; HongMeng Tai et al., 2019; Kahu, 2013; Kahu & Nelson, 2018; Kuh, 2003; Trowler, 2010)
Indeed, in their seminal work on the characterisation of the dimensions of student engagement,
Fredricks et al(2004)refer to both engagementantecedents, such as community culture and
educational contex(2004, p. 73)and outcomes of engagement, such as academic achievement
(2004, p. 70)

As Trowle(2010, p. 173 | ’stidies tehd to measure that which is measur&iéithin the context

of technological interventions, it is the impact on student engagement of use of technology within

the learning environment that is often being measur@d. Bond et al., 2020)In order to
understand what exactly is being measured, it is importanfottus on how student engagement

has been operationalised in research studies on engagerfidanrie, Halverson, et al., 2015)
Henrieet al.(2015)and Schindler et a{2017)analysed the literature they reviewed in terms of the
behavioural, emotional and cognitive indicators of engagement as defined by Fredrick2@04)

Likewise Bondand Bedenlier(2019, p. 3drew up a table with engagement indicas for each of

these dimensions in order to frame their model of student engagement with technompnitive
Sy3ar3aySyid AyRAOI G2NA Abélef dde®, andZaitiilBdddita, learding; & G dzR
behavioural engagement indicators encompass meassuch as time and effort students spend

2y fSENYAYy3 OGABGAGASAT YR FAYylLtfte SY2idAirzylf
happiness in relation to their learning and the support they receive towards leafiegrie,

Halverson, et al., 2015, p. 4BothHenrieet al. (2015)and Bondand Bedenlier(2019)found that
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research studies focus mainly on behavioural aspects of engagement with only a few studies

consideringeither affective (emdbnal) or cognitive engagement

It has been suggested that the use of scales has been effective in measuring the emotional and
cognitive effects of engagement that cannot be obsergecedricks & McCloskey, 2012; Henrie,
Halverson, et al., 2015)lenrieet al.(2015)foundthat over 60% of the articles they reviewed used

a scale or questionnaire to elicit student or teacher perceptions of engagement. However, in line
with the difficulty of having a single definition of student engagement, there were 14 different
named scalerlentified in thisHenrie et al(2015)review. Scales that ampt to measure the broad

concept of engagement were found as well as scales that measured a single dimension of
engagementHenrie, Halverson, et al., 2015, p. 46nhesuch scale that focusses on the emotional
62N | TFSOGADSO AYLIOG 2F GSOKyz2ftz23& Ay (KS O
learning is the Mathematics and Technology Attitude Scale (MTAS) developei:rog et al.

(2007) Likert scales draw on such indicators as discussed in the previous paragraph to help frame
the items in the questionaires6 / 2 G SAX wWnnpT CNBRNARAOl1a Si |f o2
et al., 2007) For example, while investigating the use of innovative technologies in undergraduate
mathematicsThomas et al(2017, p. 116z SR Sy 3 ISYSy (i a dzatit@ed Sa (K
maths ability; confidence with technology; attitude to instrumental genesis of technology (learning
how to use it); attitude to learning mathematiggth technology; and attitude to versatile use of

technology

Observational methods of estimating student engagement are also found in the literature and vary
FNRY y23GSa GF1Sy o0& 20aSNBSNE> G2 23 RFEGFZI ¢
technology under investigation, number of posts made to messaging boards, and the time on task
(Bulger et al., 2008; Henrie, Halverson, et al., 2015; Oates et al., 2014; Whitton & Moseley, 2014;
Yancet al., 2018) The use of log data is generally facilitated through technologies that students use
and is often used to measure behavioural engagement indicators such as: the number of clicks on
a resource; activity data relating to multiple choice gtiens; system features used; and time on
task(Beatson et al., 2019; Beer et al., 2010; éBenito etal., 2015; Henrie, Halverson, et al., 2015;
Oates et al., 2014; Trenholm et al., 2019; Yang et al., 2008n using observational data,
Sy3Ir3asSySyid Aa 2FGSy 2LISNI A2yl f AaSRYeaflyinioS NY a
0 K (Lak&& Nardi, 2014, p. 5@ communication of thinking through questions and explanations
(Helme & Clarke, 2001, p. 138n the Thomas et al(2017)study on the use of a variety of
technologies offered to students, observational notes were used to identify which technology was
in use, how it was being used and who within the group was using it. The advantage of such

measures is that they report on gagement as it is happening rather than using -ssghiort
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measures after the engagement has occur(eténrie, Halverson, et al., 2013)sing computer
generated logs also mitigates against the effects bkEobbservational types of measures that may
AYLI OG 2y & dzR Sy G(\&Htort &Mbskley, 2054y 44BHBWe B/ dne of the
problems with the use of observational data is the lack of a clear connection between what is being
observed and the resultant impact of student engagement infe(fechindler et al., 2017; Sinatra

et al., 2015)

Other measures of engagement identified bienrie Halversonet al. (2015, p. 44)include
interviews, operended surveys, academic performance and the use of physical sensors. While
many researchers argue that there is a direct link between engagement and academic performance,

it is most often used along with ofin measures, such as rating scales and intervidwSakkaf et

al., 2019; Beatson et al., 2019; Fabian et al., 2018; McMullen et al., 2015; Pardos et al., 2014;
Trenholm et al., 2019)When examining stly 1 8 Q dzaS 2F Y20Af S | LILI AC
Fabian et al(2018)used pre and posttests, a 26item usability scale, and interviews. Interview

data can be useful for inductive analysis, where the nature of student engagesnasitpredefined

(Henrie, Halverson, et al., 2015, p. 46)

Some of the studies used clearly defined theoretical frameworks to investigate student
engagement, such aké use of flow theoryhen considering gaming in educatiphl-Sakkaf et al.,
HAaM@pT . SkGdazy SiG t®dX HamdpT hQ. NASYy g ¢2Yasz +
2018F F YR Ay&aiNHzYSyidlt 2NDOKS&AGNIGA2Yy G2 SEIYAYS
in firstyear undergaduate mathematics modulefates et al., 2014Thomas et a)J 2017) In
secondary mathematics education, Attard and Holn{@620) focussedon the pedagogical

LINF OGAOSa 2F GSIFOKSNE Ay GSN¥a 2F GKSANI NBE I
repertory of technological tasks when defining a Framework for Engagement with Mathematics

(FEM). These types of frameworks are considémadore detail later in the chapter.

There are difficulties associated wittmeasuring engagementparticularly with the lack of
consistent definitions and indicators of engagement. Many educators use variables that are not
necessarily true indictors of gagement, but perhaps influence engagemthindler et al., 2017,

p. 5) In their paper on the challenges associated with meaguiengagement in science, Sinatra et
al.(2015, p. 7highlighted the following challenge® 2 y & (. NHzO (i R Sdbjmiedshirémem, I NJ A
individual and developmental differences stiidents, problens with using a single methothe

challenge of observing without disturbing the engagememtg problems pinpointing the source
ofengagemer® ¢ KS& O2rgseactieRB2 dzKRGG W] S OF NS (2 SyadzaNB
drives their choice of measures rather than the selection of measurement determining how

engagement is conceptualized in the rese&€natra et al., 2015, p..7)
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Smala O £ S Ay@SaidAaardAizya 2y addzRSyd Sy3al 3asSySyi
GSFOKSNEQ NI (A Yy antiod Beind investigsitBkraviizt, 20N0) Ta gate,SaMd@nber
of factors of technology implementations that impact on this engagement have been found. These

are discussed in the next section.

2.2.3LRQ2.3What are the factors of implementations that encourage/discourage
student engagement with technolody

There are a number of models of student engagement that consider the factors that influence
engagement, in the overall context of education, discussed in the literature. One of the most cited
is Kahu (2013) which was more recentlyefined in Kahuand Nelson(2018) This model maps
student engagement within a sociocultural context and contains three main elements: influencing
factors; engagement dimensions and their indicators; and a number of -shod longterm

outcomes. This model is reproduced in Fig2r21 below (Kahu & Nelson, 2018, p. 64)

Sociocultural context
Political and social environment:
culture, power, policy, economics..

s ~ r ~
Structural Psychosocial Educational interface Immediate Long term
influences influences ( A outcomes outcomes

Student
University University @m engagement Academic Academic
Policy Teaching Knowledge Retention
Culture Workload Emotional Skills Work success
Curriculum Students Interest Attitude Lifelong learning
Discipline ‘ m Enthusiasm
WP | Gelationships | 4P Cognitive - =»
t Deeplearning Social Social
i
Student Student Be"’"g'"g selfreauaten atisfaction Citizenship
\ ku land - Pride Personal growth
lackgroun otivation : Wellbeing
Lifeload Skills Behavioural
Family dentity m
Support ersonality

Figure2.2.1: Therefined conceptuaframework of student engagement
Copiedrom Kahu and Nelsof2018,p. 64)

Thisso calledriangle of engagemer(influences, contexts and outcomes often found in research

on student engagemenfyang €al., 2018) though not always as explicitly as in this model. This
perspective is in line with the holistic view of engagement taken in the higher education gector

Bond et al., 2020; Heie, Halverson, et al., 2015; Kahu, 2013; Trowler, 20&@rder to determine

the influences and outcomes of technology on student engagent@omd and Bedenlier(2019)

drew on the work of Kah{2013)and others to adapt th&ronfenbrenner and Cebioecological

model (as cited in M. Bond & Bedenlier, 2019, p. #) this model, factors affecting student
engagement are considered at a number of levels: the macrosylseeh contains factors such as

the digitisation of education through national policies; at the exosystem level, institutional factors

2y (GKS dza8S 2F (SOKyz2ft23& Ay SRdzOIFGA2Y I NB 0O2y.

20



background on engagemeatre contained in the mesosystem level; and finally, the microsystem

level contains the more immediate influencing factors such as teachers, peers and educational
technologiegM. Bond & Bedenlier, 2019B8ondand Bedenlier(2019)identified a number of the

mcNB agdadsSy

f SOSt

AVFtdSyoOSas

adz0K a GKS

skills in using, technology; the usability and design of the technatofganced activities within the

curriculum; and the influence of factors such as techniagppsrt, usability of the technology and

AYRA

assessment on the learning environment. It is mainly at the microsystem level that the research in

this PhD is focussed.

Many of the influencing factors outlined BondandBedenlie2019)have already been identified

in a number of thestudies on the use of technology to support student engagement in higher

education(CruzBenito et al., 2015; Honljleng Tai et al., 2019; C. Lailef ®Z

HAMHT

Phillips, 2015; Schindler et al., 2017; Yang et al., 201@)jn mathematics educatioffnastasakis
et al., 2017b; Coupland et al., 2016; Fabian et al., 2018; Kanwal, 2020:\8texm & Foldnes,
2018; Thomas et al., 2017; Trenholm et al., 20I@ple 2.2 outlines the factors that impact on

student engagement as found in studies thare relevant to this PhDi.e., undergraduate

mathematics.

Table2.21: Factors that influence engagementth educational technology in mathematics

Study Engagement Pedagogical Use of Factor and/or impact
Dimension and technology
indicator
measured
Trenholm et al(2019) | Cognitive Optional use of live Students used videos becaus
engagement: versus recorded of the selfpaced natue of

Scale to measure
approach to

learning (RSPQ2F)

lectures.

their availability. Students with
a high use of the videos were
more inclined to take a surface
approach to learning than

others.

SteenrUtheimand
Foldneq2018)

Affective
Engagement:

Y I K @13)
model of student

engagement

A flipped classroom
approach in a first
year undergraduate

mathematics course.

Peer and lecturer relationships
and possibly class size
influenced a positive

engagement outcome.

21

h QCt



Kanwal(2020) Behaviour An automated system| Exam preparation encouragec
engagement: to support the solving | engagement. Using powerful
Activity Theory of mathematical tasks| automated calculators diverte
variety of technology | students from engagement
resources including, | with the required
GeoGebra, mathematical operations.
MyMathlab, YouTube
and online calculators
Thomas et al(2017) | Cognitive Variety of innovative | Engagement was ensured
Engagement: technolodes and taskg through the sistained
Instrumental including Desmos, intensive usef the
orchestration GeoGebra, KakooTalk technologiesteacher
privilegingof the technology;
ease ofuse the ability to
visualise mathematics; and
integration inassessment.
Anastasakis et al. Behaviour Selfselected A high mark in their exams wa
(2017b) engagement: resources (both digital student goal for selecting and
Activity Theory and nondigital) engaging in a resource.
second year
engineering
mathematics.

The nature of selpaced learning, a focus on assessment, @il OKSN&E Q dzaS 2F (KS
identified as factors that contribute towards student engagement. This view is somewhat
consistent with the general mathematics education literatg@oupland et al., 2016; Kahu, 2013)

The effective pedagogical use of technology, in the form of appropriate mathematical tasks, has
been highlighted as a means to encourage cognitive engagement and develop mathematics
learning(Attard & Holmes, 2020; Coupland et al., 2016; Fabian et al., 2018; Helme & Clarke, 2001)
Helmeand Clarke(200)A RSY A FASR GKS F2ftt26Ay3 AyTt dzSy OA

cognitive engagement: the classroomvwonment, the individual, and the mathematical tasks.

In addition, Table 2.2.highlights the variety of measures and indicators used when considering

student engagement with mathematics education technology.
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While a number of factors that impact studemngagement with technology within higher
education mathematics have been identified, many of these are outcomes from-soadd! studies

that do not apply an overarching model of student engagement. In order to effectively use
technology to support stud® engagement with mathematics in higher education, research studies
need to be examined under a cleadgfined lens of student engageme(itl. Bond & Bedenlier,
2019)

2.2.4Discussion on student engagement

The importance of student engagenten higher education has been well researched and there
are many models outlining the influencing factors on, and resultant outcomes of, engagement. Even
though there is a lack of a single definition, and many studies do not necessarily give a deffnition
engagement, the literature tends to focus on the three dimensions of engagement as defined by
Fredricks et al.(2004) cognitive, behavioural and emotional. WhilBond et al (2020)
acknowledged that definitions may by necessity vary from one project to the next, they highlighted
the importance of providing a definitioiVithin the body of literature on student engagement with
technology, a ariety of methods are used to measure engagement, such as questionnaires or
scales, observations, interviews and logged data. Despite the fact that there has been theoretical
consideration given to indicators of measure engagen{®htBond & Bedenlier, 2019; Frécks et

al., 2004; Henrie, Halverson, et al., 2Q1there is often a lack of a clear connection between the
measures being used in the studies and engagement indic&smtsindler et al., 2017; Sinatra et

al., 2015) Additionally, studies often focus on only one of the three engagement dimensions:
cognitive, behavioural or emotional engagemielt has been shown that all three dimensions of
student engagement are important as they each impact on student outcomes. It is important to
identify these factors, a& i dzZRSy G Sy 3l 3SYSy il Aa WwWYlLffSlIofSQ
be used to ioreaseengagement and hence learnirfgredricks et al., 2016, p..8By judiciously

using technologiedecturers can exercise some control over their studestsggagementSteen
Utheim & Foldnes, 2018)

While factors that encourage student engagement have been identifiedigh the use of models
(Kahu & Nelson, 2018; Yang et al., 201#)se factors that influence engagement with technology
are less eviden(M. Bond & Bedenlier, 2019Y0 address this issuBondand Bedenlier(2019)
defined a model that proposed the influencing factors of technology on student engagement.
However, within mathematics education research, a limited number of ssgale studies we
found that specifically investigated the intersection of engagement and technology: only five

studies merited inclusion in Table 212.These studies identified factors that impact on

23



engagement, such as the affordances of the technology, the pedagsggiated with the use of
0KS G22f> IYyR (KS adGddzRSyidQa 32+t Ay dzaAaAy3a GKS

One of the limitations of this section of the literature review is that the focus on the intersection of
engagement and technology in undergraduate mathematics educatielded few studies. As
indicated by Trowlef2010) there are many studies that investigate approaches to teaching and
learning that are not flagged as engagement, but may in fact measure some of the indicators of
engagement. In the next section, a review of the literature on tise of technology in higher
education mathematics, particularly firgear undergraduate nospecialist mathematics is

undertaken.

2.3 Technologyn education and in mathematies higher
education what works and what does not

The use of technology in education, and in mathematics education, has been on the increase over
the last few decades. This has been evidenced by the volume of literature available that examines
how, and to what effect, technology has been used in higheication(Conole & Alevizou, 2010;
Englund et al., 2017; Henderson et al., 2015; L. Price & Kirkwood, 2011; Selwynardin)
mathematics educatioifBray & Tangney, 2017; Buteau et al., 2010; Coupland et al., 2016; Oates,
2016;. Thomas et al., 201 Mhere are many who argue that the benefits of technology as a teaching
and learning resource within higher education have not been fully investigated or explCibedle

et al., 2008; Conole & Alevizou, 2010; Henderson et al., 2015; Oliver, 2011; Selwyn, AHiRkb)
evidence exists that technology enhances student leariitignderson et l, 2015) and there is
O2y&ARSNIOGES NBaSINOK 2y &l dRBgleiRaARvizBUEANBINS Sy OS
not clear how technology should be implemented to achieve maximum beg@itole et al., 2008;
Conole & Alevizou, 2010; Henderson et al., 2025) mentioned prewusly, he effectiveness of
using technology iboth higher education and imathematics education is under questi{Bray &
Tangney, 2017Drijvers 2019; Jarvis et al., 2018; Selwyn, 20)ecent OECDeport (2015)
identified that an increase in the use of computers in mathematics in schools correlated negatively
with student performance in mathematics. While this has beemoed in other studie¢Coupland

et al., 2016;Drijvers 2018; Geiger et al., 2018here are ounterclaims. Research reported by
Ronauet al.(2014)claimed thatthe use ofdigital calculators and computer software @simprove

student understandingDrijvers 2018)

In order to examine how technology has been used and evaluated in undergraduate mathematics
education, a traditional literature review was carried out. In this case, the focus of the search was
2y WY IKSYRYAOa (SREYRERIEQ 2N WYFGKSYFGAOa 0
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WAYOSaGAILGA2YyaQs YR WdzyRSNANI Rdz- §5Q 2NJ WKA =
research available on the use of technology in school mathematics, there is a lack ctsdies

focussing on mathematics in higher educat{®uteau et al., 2010; Lavicza, 201IDhus, a body of

literature relating to both secondary and higher education, mainly peer reviewed, was built up over

the course of the PhD. In addition, seminal articles on technology use in higher education were
consulted. This resulted in the review of 49 articles. One of the aihthis research is to establish

the factors that influence successful integration of technolegihanced resources. To address this

aim, the following three research questions were used to examine this literature:

1 LRQ2.4What is meant by technologgnhanced resources imdergraduatemathematics
education?

T LRQ2.5What are the benefits of using technolegnhanced resources in firgear
undergraduate mathematics modules

1 LRQ2.6What factors of the technologgnhanced reource implementations impacted on

the associated benefits?

These questions are discussed in the following three subsections.

2.3.11LRQ2.4What is meant by technologgnhanced resources indergraduate
mathematics education?

The terms technologgnhanced resorces and technologgnhanced learning are-flefined in the

literature. King et al2014)highlight that authors use different terminology to refer to educational
technology and thus it can be difficult to ensure that authors are discussing the same item. In a
review of the higher education literature leging to the use of technology for teaching and learning,
Kirkwood and Pric014)SE YAY SR (KS GeLiSa 2F | OQGAOGAGASE
found that technology was used in three ways: to mirror existing teaching, to add to current
teaching practice, and to alter ¢hstudent learning experience and/or teaching practig@skwood

& Price, 2014, p. 11Yhese findings are similar to the benefits of technoleghanced learning as

outlined by the Higher Education Funding Caufar England (HEFCE): efficiency, enhancement

and transformatiofHEFCE, 20Q09h Ireland, theéNational Forum for the Enhancement of Teaching

and Learning in HigherdBcation6 b C0 O2y RdzOG SR | adzN®¥Se 2F KA
technology to support their teaching activiti€slF, 2015a)Participants in the survey rated that
classroom management activities, or efficiency, were the most important functions of technology

(NF, 2015a)For those who consider that the pedagogical use of technology has notdesaged

to its full in higher education, it is a cause for concern that the main perceived benefit of technology

is to promote efficiencie¢Bayne, 2014; Conole & Alevizou, 2010; Dimitriadis & Goodyear, 2013;
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Selwyn, 2010These educationaésearchers call on higher education teachers to carefully consider
how technology can be integrated into educational activities so that the student learning
experience is altered for the bette@ne way to support the effective pedagogical use of techapl

is to put an emphasis on the instructional design processes when integrating technology resources
(Conole, 2013; Goodge, 2015; Laurillard, 2012%uch instructional design principlesanporate

many aspects of teaching and learningludingthe need toidentify and the associategpedagogical
practices b support students in achieving these objectivdd. Allen & Sites, 2012; Branch &
Kopcha, 2014; Dousay, 2QXGoodyear, 2015

2 KAt S GKS dzaS 27 -ethénSed ieSUB ¢ ¢ ik GdefhgoZii2@amematics
education research literature, there has been considerable research on how technology resources
influence learning in mathematics educatirijvers 2015; Monaghan et al., 2016; Trenholm et

al., 2015; Trgalova et al., 2018) mathematics educational rese&r@ resource is defined as a tool

that helps bring about mathematical understanding, as it allows interaction between mathematical
objects and human thinkinffrgalova et al., 2018, p..Z)his concept of a resource as a tool, often
called instruments or artefacts, has long been discussed in the context of educdtieogés such

as those put forward by Vygotsky and Leontjdnastasakis et al., 2017b; Kurz et al., 200Bg
resultant work has been used in mathematics education research to develop theories on how these
tools medate learning, and thus enhance student understanding of mathematical concepts and
enable new ways of working with and understanding mathemdtiogri et al., 2016; Kurz et al.,
2005; Monaghan et al., 2016; Ralake et al., 2016; Trgalova et al., 2018; Trouche & Drijvers,
2014) In addition, some individual studies have focussed on how learning efficiencies such as
students working at their own time and pace, or on how students manage to take ownership of
their learning, can be achieved using technol@ggyastasakis et al., 2017b; Loch et al., 2012;
Robinson et al., 2015; Trenholm et al., 2015, 2019; Triantafyllou et al., .2Bi@lly, student
satisfaction with using technology has beeansidered in terms of the use of technology to
enhance the learning environmeif6. O. King & Robinson, 2009b; J. Lee, 2014; Trenholm et al.,
2012; Triantafyllou et al., 2015Within the literature on the use of technology in mathematics
education technologyenhanced resouses can therefore be described as technology tools that are
used to enhance, or better, the mathematical understanding, learning experience and/or learning

environment of students engaged in mathematics learning.

In the next section, the specific benefigf using technology in firstear undergraduate

mathematics, as found in the literature, are examined.
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2.3.21RQ2.5What are the benefits of using technologyhanced resources in
first-year undergraduate mathematics modules?

The use of technology in mathematics education has been identified as a solution to some of the
LINPOof SYya Faaz2O0Al GSR ¢ AGK addzRS yBiag &Tahgley,20138) 2 T
The computational power, multip visual respresentations and diverse ways for students to engage
with mathematics have been cited as reasons for an increatechmologyuse (Bray & Tangney,

2017, p. 256)Educaional researchers contend that the affordances of technology, defined as the
prescribed, intended, or designddr use, and possible ug&ibson, 1977; D. A. Norman, n,c¢ed

to be exploited for successful technology integration in educaioanole & Dyke, 2004; Oliver
2013 | 26 SOSNE SRdzOF 12NA | NBdzS GKId GKS GSNY &
suggests that technology shapes learning without giving due respect to existing teaching and
learning practice¢Oliver, 2013; Selwyn, 2012According taConoleand Dyke(2004) technology
affordances should include the prescribed, creative, and unintended, educational activities
facilitated by technologyin the context of this thesis, technology affordances are takeve the

contextbased pedagogical benefits that technology can bring to educational activities.

Many researchers in the field of mathematics discuss the uses and benefits of technology in terms
of affordanceg(Ball et al., 2018; Borwein, 200Brijvers 2016; Kanwal, 2020; Monaghan et al.,

2016; Oates, 2010)here are two distinct affordances that technology can bring to mathematical
tasks:WINI I Y G A O I ()riyueSA0DR Apli 2299r&cknBlogy brings pragmatic efficiencies
byincreasing the speed and accuracy of computatemd epistemic value when they help advance
student€understanding ofnathematical conceptéArtigue, 2002, p. 248 hese affordances have

been evidenced in the literature on mathematics education technology in higher education
(Galligan et al., 2015; Jarvis et al., 2018; S. O. King & Robinson, 2009b; Loch et al., 2014; Trenholm
et al., 2012)In addition, many of these researdid& K|l @S ARSYUGAFASR O0SYySTA
mathematical learning, that do not necessarily fall under a pragmatic or an epistemic category, such
as enhancing the student learning experieriGalligan et al., 2015. O. King & Robinson, 2009b;
Trenholm et al., 2012 able 2.3L contains a list of the benefits of using technology in mathematics
education categorised under the headings of pragmatic, epistemic and other, as found in
mathematics education researckuslies. The studies included in Table 2.®ere selected based

on their relevance to the context of this research thesis. Three of the studies are literature reviews;
two situated in higher education mathematifSeiger et al., 2016; Trenholm et al., 2Q1&)d one

in general mathematics educati@gRakes et al., 2010y he technology under investigation and the

context is also given in the table. Some studiramined multiple benefits.
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Table2.3.1: Benefits of using technology in higher education

Cat | Benefits Studies Technology Used| Context

T Calculations | Jarvis et al(2018) Sage Higher Ed. maths

% and graphing| Varavsky2012, as cited| Computer 1st Year undergrad maths

% in Geiger et al., 2016) | Algebra System
(CAS)

Thomas et al(2017) Multiple 1st Year undergrad maths

technologies

m | Problem Loch et al(2014) Screencast 1st Year undergrad maths

% Solving ¢ 11 6 KR015G I Computer 1st Year undergrad maths

g' supported

collaborative

learning (CSCL)

Mathematica| Galligan et al(2015) Tablets 1st Year undergrad maths
I ¢ 11 6KROLS)G I+ CSCL 1st Year undergrad maths
Understandi | Triantafyllou et al. Multiple 1st Year undergrad maths
ng (2015) technologies
Aventi(2014, as cited in| GeoGebra Year 9 maths
Geiger et al., 2016) (Australasia)
Thomas et al(2017) Multiple 1st Year undergrad maths
technologies
Buteau et al(2010) CAS Higher Ed. maths
Rote Trenholm et al(2012) | e-lectures Higher Ed. maths
Learning
(negative)
Visualisation | Jarvis et al(2018) Sage Higher Ed. maths
Laviczg2010) CAS Higher Ed. maths
¢ 11 6R015) 0 || GeoGebra 1st Year undergrad maths
JaworskandMatthews | GeoGebra 1st Year undergrad maths
(2011)
Thomas et al(2017) Multiple 1st Year undergrad maths

technologies
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Cat | Benefits Studies Technology Used| Context
Feedback Trenholm et al. Fully Higher Ed. maths
(Trenholm et al., 2015) | Asynchronous
Online (FAO)
Kingand Robinson Audience Hicher Ed. maths
(2009b) Response
Systems (ARS)
J.Lee(2014) Online quizzes Higher Ed. maths
Real World | Jarvis et al(2018) Sage Higher Ed. maths
Problems Laviczg2010) CAS Higher Ed. maths
Conceptual | Rakes et al2010) Various strategie§ Mathematics Education
Understandi that included
ng technology
Procedural | Rakes et a(2010) Various strategie§ Mathematics Education
Understandi that included
ng technology
o Engagement| Loch et al(2014) Screencasts 1st Year undergrad maths
a (motivation) | Galligan et al(2015) Tablets 1st Year undergrad maths
Kingand Robinson ARS 2ndyear engineering math
(2009b)
Thomas et al(2017) Multiple 1st Year undergrad maths
technologies
Buteau et al(2010) CAS technologies Higher Ed. maths
Self Loch et al(2014) Screencast 1st Year undergrad maths
regulated Trenholm et al(2012) | Recorded Video | Higher Ed. maths
learning, lectures
selfpaced Jarvis et al(2018) Sage Higher Ed. maths
and self Triantafyllou et al. Khan Academy | 1st Year undergrad maths
directed (2015) and other online
learning resources
Buteau et al(2010) CAS Higher Ed. maths

Howard et al(2018)

Recorded Video

lectures

1st Year undergrad maths
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Cat | Benefits Studies Technology Used| Context

Kanwal(2020) Online learning | 1st Year undergrad maths

environment

Satisfaction | Trenholm et al(2012) | Recorded Video | Higher Ed. maths

lectures
Kingand Robinson ARS 2nd year engineering math
(2009Db)
Triantafyllou et al. Khan Academy | 1st Year undergrad maths
(2015) and other online
resources
J.Lee(2014) online learning Graduate students
technologies
Classroom | S.OKingandRobinson | ARS 2ndyear engineering math
Management| (2009b)
Assessment | Oates(2010) CAS Higher Ed. maths

Approaches | Trenholm et al(2019) | Recorded video | 1st Year undergrad maths

to learning lectures

Howard et al(2018) Recorded video | 1st Year undergrad maths

lectures

Table 2.3l lists the benefits associated thiusing technology; however, many studies also reported
negative aspects to technology integration. While the use of screencastslactlees are liked by
students, they were found to be associated with both rote and surface approaches to learning, with
some evidence of a negative correlation with grag€senholm et al., 2012019) The use of
computergenerated feedback is also under question, as this needs to be carefully designed and
integrated into the learning process so that students are obliged to engage with the feeflback
Lee, 2014; Trenholm et al., 2019Ylathematical discourse is important for students when
devebping understanding in mathematics and has been found difficult to achieve in online learning
environments(J. Lee, 2014; Trenholm et al., 201Rhally, Jaworski & Matthew£2011, p. 183)

found that any evidence of conceptual understanding gain by using GeoGebra was hard to quantify.

In the next section, the literature is examined to determine the factors that impact on the benefits

or otherwise of the technology implementations discussed.
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2.3.3LRQ2.6 What factors of the technologgnhanced resource implementations
impacted on the assodied benefits?

In addition to measuring the benefits or otherwise of using technology in mathematics education,

a number of studies investigated factors that impact on successful technology integrétiomas

et al. (2017)attributed the positive impaiz 2y a0 dzRSydaQ YIF GKSYlF GAOI f
attitude to, and satisfaction with, the use of technology, to the significant pedagogical changes
implemented as part of the study. These pedagogical changes incligdexthers designed relevant

digital tasks; tools were privileged by the teachers; students were allowed tessktt tools;
technology afforded communication between teachers and students; and the use of the digital
tools was explicitly linked to the continuous assessment of the modilesmas et al., 2017)
G¢SEFOKSNI LINARGAT SIAYyIE Aa  GSNY dzaSR 2 RSaONJ
a class setting, to guide and devielo & (0 dzZRSy (1 & Q & dzO Okoinas Etddf, 206ZptBer 2 ¥ (i K
studies, such agaworski & Matthewg2011)and ¢ | 1 I 6 X2018)iwere deably embedded in

similar significant pedagogical change, though the former questioned whether increased
conceptual understanding had actually occurred. Collaborative or peer learning were specific

pedagogical changes identified as factors in both thetfdmet al(2017)and Takadi2015)studies.

Other factors of success were focused on the technology affordances. For exagaplieglbgies

like CAS can aid in the visualisation of mathematics, allow multiple representations of concepts and
facilitate the automated completion of tasks. dzii S| dz SG Ft ®X wamnT ¢ 116
2017) In addition, online quizzes, and other technological tools, have the abiliive immediate
feedback(J. Lee, 2014)

Students reported technical, usability and access issues thateptest them using certain
technologiegGalligan et al., 2015; Lavicza, 2010; J. Lee, 2014; Oates, R0d@xample, ease of
use was a factor that contributed to students selecting Desmolsnelogy over GeoGebra in the
Thomas et al(Thomas et al., 2013tudy. While students often rated technology tools as novel,
fun, or convenient, it was not always evident that these ratings influenced greater attendance,
engagement or grade@Howard ¢ al., 2018; Jaworski & Matthews, 2011; S. O. King & Robinson,
2009b; Loch et al., 2014; Trenholm et al., 2012)

Similar views are also expressed in a literature review on the use of CAS within higher education.
Buteau et al.(2010, p. 61)identified both pedagogical and technical challenges as a barrier to
ddz00Saa¥FdzAg /!'{ AylUSaINIGA2yd LYy | RRAGAZ2YSZ aid
successful use of CABaravsky, 2012, as cited in Geiger et al., 2016, p.\Whjle located in
aS02yRI NBE SRdzQ016)atdly that exaidn&ldhe Rétddsihat supported success is
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pertinent. He found three such factors: design of the digital technology and the associated tasks
and adivities; the role of the teacher in synthesising the technology related and other mathematics

learning activities; and the educational context.

2.3.4Discussion from the literature on technologyphanced resource use in
mathematics education

There is apprecidbS RA &4 0dzadaAz2zy Ay (GKS fAGSNI Gdz2NB 2y 6KI
of technology in higher education and whether the benefits of using technology have been fully
exploited (Bayne, 2014; Conole & Alevizou, 2010; Dimitriadis & Goodyear, 2013; M. King et al.,
2014; Kirkwood & Price, 2014; Selwyn, 2010)s also argued that the affordances, or context

based pedagogical benefits, of the technology need to be taken advantage of for successful
technology integration(Artigue, 2002; Conole & Dyke, 2004; Oliver, 20TBese pedagogical
benefits can be built into the technology resource integration through the use of effective
instructional design processddl. Allen & Sites, 2012; Branch & Kopcha, 2014; Dousay, 2017
Goodyear, 201p In mathematics education, technology as a tool to mediate learning has been
examined in some detaiDrijvers 2015; Monaghan et al., 2016; Trenholm et al., 201§albva et

al., 2018) There are a limited number of studies that consider enhancement in terms of student
satisfaction and selfegulated learning Anastasakis et al., 2017b; S. O. King & Robinson, 2009b;
Loch et al., 2012; Trenholm et al., 2019; Triantafyllou et al., 2@8Esefits of using technology that

were identified in theliterature included: the epistemic benefits associated with mathematical
understanding(Jarvis et al., 201&homas et al., 2017}he pragmatic advantages of outsourcing
computational activitesd [ F FAOT X wnamnT ¢F 1 F6A SO andfotheI H 1 M|
studentcentred benefits such as sekgulated learningHoward et al., 2018; Loch al., 2014;
Trenholm et al., 2019While a number of factors such as the pedagogical changes implemented
(Thomas et al., 2012nd the affordances of the technology. dzii S| dz SG | f ®X wnamnaT
were found to contribute to successftdchnology integrations, technical challenges and usability
issues were identified as barrie(®ates, 2010;Thomas et al., 201T) addition, some of the
approades to learning adopted by students as a result of technology integration do not appear to

foster deep learningKanwal, 2020; Trenholm et al., 2019)

It is interesting to note that a number of teBe studies (see Table 2.3.1), which did not purport to
examine student engagement with technology, considered engagement in terms of motivation or
satisfaction(Galligan et al., 2015; S. O. King & Robinson, 2009b; Triantafyllou et al.,l20d/BYer,

it is not always clear whether the technolp@ffordances or the change in pedagogical practices

contributed to these benefitgDrijvers 2018) Perhaps, as Trowl¢2010)suggeststhere is aneed
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to establish if some of the indicatord student engagement were examined in these studies. To

that end, the methods of evaluation used in the literature are examined in the next section.

2.4 Evaluating technology use in higher education (and
mathematics) and the use of frameworks and models

Student engagement has been shown to positively influence student outcofiesBond &
Bedenlier, 2019; Fredricks et al., 2004hough the intersection of technology and student
engagement has not been adequately investigaféd Bond & Bedenlie£019; Henrie, Halverson,

et al., 2015) Evidence exists of the benefits of using technology in ssoalk studies (see Table
2.31). However, the use of technology at scale in firsar undergraduate mathematics remains
problematic, in part due to thé&ack of studies that have demonstrated the benefits technology can
bring to this particular student cohofThomas et al., 2017While factors that contribute to the
benefits of using technology haween identified in the previous section, it is not clear how student
engagement with technology impacts on the success or otherwise of the implementations. This
finding is consistent with the broader literature, where it has been identified that thedetdion

of student engagement and technology is undesearchedM. Bond & Bedenlier, 2019; Henrie,
Halverson, et al., 2015Added to this is the fact that studies use a variety of methogiels and
frameworks to evaluate the integration of technology in educatibnijvers 2018, 2015; M. King

et al., 2014) Furthermore, Coupland et gRr016)have called for more empirical evidence on the
0SYSTAGA 2F dzaAy3d (SOKyz2f23&x a YdOK 2F (KS
views. Theyecognise thattiis essential to investigate the affordances of technology in terms of
studentlearning, retention and transfer of knowledge, rather thjaat descriptions and evaluations
(Coupland et al., 2016)1. King et al(2014)have pointed to the need for frameworks of evaluation
that can be used to consistently and comparatively examine hovihnelogies have been

successfully integrated into education.

Thus, there are two issues to consider here. The first is whether student engagement indicators are
used as measures of success in the mathematics education technology literature. To estahlish th
the studies listed in Table 2.3.1 are further explored to determine the methods of evaluation and
the indicators used to measure success. Secondly, further examination of the literature is required
to establish what frameworks or models are currenthed in describing and evaluating technology

integration in mathematics and higher education.

The literature review completed in the previous section was extended to include terms such as
WFNI YSH62N] 4QF WY2RStfaQs WOIASARZNIHQ iRZFKaE YDt WE

this case a more systematic approach was taken to the literature review in order to ensure that all
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models and frameworks were capturédittell & Corcoran, 2010Yhis body of literature and those
listed in Table 2.3 were examined to address the research objextdf investigaing how the
effectiveness of resources has been evaluat@tie following three research questions were

formulated and discussed in the three subsections below.

1 LRQ27: How have the useof technologyenhanced resourcebeen measured?

1 LRQ28: What models or frameworks are available to classify and evaluate technology
enhanced resource implementations?

1 LRQ29: What features of technologiyntegrationsare described/classified within these

models and frameworks?

2.4.11RQ27: How have the useof techrology-enhanced resourcebeen

measured?

One of the aims of publishing research on the use of technology in mathematics education is to
inform the mathematics education community about practices that have proven effective, so that
they can be mirrored in wsiilar contexts(McKnight et al., 2000)In order to ensure a proven
intervention can be scaled, it is important to establish what indicators of success have been used,
and how they have been measurdd. this section studies that focus on the use of teglogy

within undergraduate mathematics are investigatiedestablish what indicators of engagemeiit
any,have already been examined in the literature. With this in mind, the studies referenced in Table
2.3.1 are further explored to establish the indicators that were used to measure the benefits of the

technologies.

The methodologies and validity varied frostudy to study. For example, Galligan et (2015)
completed an exploratory study of the integration of technology in fyesair undergraduate
mathematics, with little detail on how the data was examined and a®aly On the other hand,

Jarvis et al(2018)used a casetsdy approach to examine the use of Sage within a mathematics
course, and used a thematic approach to analysing interviews. Most of the studies reported, or
have evidenced, the use of a mixed methods approach, as can be seen in Table 2.4.1, where the

different measures for the studies are listed.

Table2.4.1: Measures taken in the studies

Measure Study

Student and/or teacher views of Jaworski and Matthews (2011), King and Robinsd
resources through use of surveys, scal (2009),J.Lee (2014), Lavicza (2010), Loch et al.
or questionnaires (2012), Oates (2010), Thiel et @008) Thomas et
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al. (2017), Trenholm et a2015,2019)Triantafyllou
et al.(2015),Howard et al(2018).

Test, exam or quiz results for improveq
a0dzRSYyGaQ YFGKSY!

Jaworski and Matthews (2011), King and Robinsg
(2009), Loch et al. (2012, 1 I 6.42018){i | f
Howard et al(2018).

Recorded usage of resources

Loch et al. (2012), Trenholm et al. (2019pward et
al. (2018).

Attendance data

King and Robinson (2009pward et al(2018).

Course artefacts and/or curriculum

materials

Jarvis et al. (2018), Lavicza (20I0)omas et al.
(2017).

Student and/or teacher interviews

Jarvis et al. (2018), Jaworski and Matthews (2011
King and Robinson (2009), Lavicza (2010).

Teacher practices, reflections and/or

blogs

Galligan et al. (2015), Jaworski and Matthews
(2011), Kig and Robinson (2009).

Class observations

Jaworski and Matthews (2011), King and Robinsd
(2009), Lavicza (2010), Thomas et al. (2017).

Task analysis

¢Fr1lF6A SG FEd GHnmpoO X

Scale to measure approach to learning
(scale used iIB-SPQ2F)

Trenholm et al. (2015, 2019).

Case Study

Drijvers (2015).

For many of the studies, it is not always clear what indicators were used to measure success. While
Trenholm et al.(Trenholm et al., 2015, 2019)sed proven scales within their surveys, the
development of the questions used in surveys was not always evidawbrski & Matthews, 2011;
Lavicza, 2010; Triantafyllou et al., 2018)ough in some cases, éhre was a clear link to the
literature reviewed(S. O. King & Robinson, 2009b; J. Lee, 2014; Loch et al., WHel) class
observations were used, it was not necessarily clear how the data was interpreted in terms of
success or othmvise (Jaworski & Matthews, 2011; S. O. King & Robinson, 2009b)

A number of these measures may also be used to examine student engagement. For example,
attendance data and recoedl usage of the resources can be used to measure behavioural
engagement indicators. Further examination of the inferences made about the recorded use of
lectures in the Trenholm et gR019)study was that it was used to consider approaches to learning

(or cognitive engagement). In contrast, the recorded lecture data used in the Howard 2018)

dza SR (G2 RS SNYAY Seguintedabiyigi(ar @ffectd@NID S A |

addzRe o1 &
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engagement). Class observations and student interviews may be analysed for indicators of
engagement. For example, the S.0. King and Robi2889b)study recorded studets as saying

the ARS technology was fun (associated with affective engagement); however, they did not examine
the impact this had on student engagement. Due to the diversity of the inferences made from the
same named measures, and the lack of connectietwken indicators and student engagement
benefits, it is difficult to examine if these studies can contribute to our knowledge on student

engagement with technology.

Drijvers(2015)suggested that theoretical frameworks are required in order to understand the role
of digital technology in mathematics education. Such frameworks can support the evaluation and
scalingof technology interventions. Few of the studies explicitly situated their research within

theoretical frameworks, but those that did are listed in Table 2.4.2, along with the framework used.

Table2.4.2. Theaetical Frameworks used in the studies

Theory Study

Community of Inquiry (Col) and documental| Jaworskand Matthews (2011)

genesis

Computer Supported Collaborative Learning ¢ | { | 6 20154 I f ®
(CSCL)

Laurillard conversational framework S.0. King and Robins{2009b)

Conceptual model of affective and cognitive| Piccoliet al. (2001, as céd in J. Lee, 2014)

effects of human and design factors

Instrumental orchestration Thomas et al(2017)

Taxonomy for integrated technology Oates(2010)
O dziK2NRa 26y DSNEA?2

In conclusion, it is evident that there is little consistency in the design of research studies on the
use of technology in undergraduate mathematics. Hence, it may be difficult to compare the
outcomes and come to an understanding of what exactly should be measured. Therefore, it may
not always be clear if the technologies can be scaled to be used imediffeontexts(Drijvers

2015) One way to overcome ifis to have frameworks of evaluation that can be used to compare

and contrast technology evaluations.
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2.4.21RQ28: What models or frameworks are available to classify and evaluate
technologyenhanced resource implementations?

There are a number of issues with the evaluation of technekagyanced resources within higher
education. Amongst these are: the difficultiessaciated with evaluating this rapidly changing
environment, the institutional requirement for cosiffective teaching enhancements, and the lack

of appropriate evaluation models or frameworkBrown et al., 2014; M. King et al., 2013je
importance of frameworks suited for evaluation have been identified by a number of researchers
in the field of higher educatio(Dimitriadis & Goodyear, 2013; M. King et al., 2014; J. Lai & Bower,
2019; Oliver, 2013; Selwyn, 2012md in mathematics educatiofDrijvers 2015; Geiger et al.,
2016) There are a numberfelements of technology integration that need to be considered by
these types of frameworks. Firstly, studies should incorporate the types of pedagogy or didactical
practices that have been used to integrate technol@@sijvers 2018) Secondly, there needs to be

a focus on the types of constructs being measug@d_ai & Bower, 2019y hirdly, the context of

the study needs to be taken into account, such as the level of education and student attributes
(Drijvers 2018; J. Lai & Bower, 2018)nally, the affordances of the technology being used need to
be made exptiit (Ball et al., 2018Drijvers 2016; Kanwal, 2020; Monaghan et al., 2016; Oates,
2010) The essential outcome of any evaluation is to establish and explain what technology works
underWhich conditions, for whom and wi§M. King et al., 2014)

A considerable number of models, frameworks, categorisations and typologies were found in the
literature on the evaluation or integration of technology in education. For simplicity, these will be
generically réerred to as frameworks in this section, although the term used by authors will be
adhered to when discussing specific frameworks. In this literature review on technology education,

four loosely aligned groups of frameworks emerged:

1 Technology integrationthese frameworks refer to how technology is integrated into
teaching and learning

1 Theoretical frameworksg these are used to examine how learning occurs using
technology

1 Technology affordances and typegthese frameworks categorise different techngles
according to functionality or affordances the technology supports

1 User experience frameworkgsthese refer to how technology is examined from the user,

or student in this case, perspective.

A list of the frameworks examined are contained in Table82along with a brief description and/or

purpose and an article or website describing their use.
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Table2.4.3: Frameworks used in the integration and evaluation of technology

Assessment in

integration of formative assessment technolo

Group | Framework Description/Purpcse Study or website
— | Substitution Model that describes 4 levels of technology | http://hippasus.com/
(1%
;:’r Augmentation integration in tasks resources/tte/
o
g Modification & Puentedura2006)
5 | Redefinition
S | (SAMR)
Q
g' Formative Characterisation of aspects of classroom https://microsites.ncl

.ac.uk/fasmedtoolkit/

Science & tools theory-for-fa/the-
Mathematics fasmedframework/
Education FaSME@2020a)
(FaSMEd)*

Technology Theorises usage behaviour of technology https://en.wikipedia.
Acceptance Model org/wiki/Technology

(TAM)

_acceptance_model
Buchanan et al.
(2013)

Nikou and
Economide£2017)
wlk 6 I Q20155 {

Technological
pedagogical
content knowledge
(TPACKy*

Framework that considers intersection of
G§SFOKSNARQ (y2e6fSR3S
and content is key to successful technology

integration

Mishra and Koehler

(2006)

Classification

system* (Bray and

Classification system with 4 components:

Technology, Learning Theory, SAMR level,

Bray and Tangney
(2017)

Tangney**) Purpose

3E (Enhance, Guidance & examples to exploit technology tq https://3eeducation.
Extend, Empower) | enhance, extend, empower teaching & learnirl org/3e-framework/
Framework

elLearning elLearning systems theory framework that Aparicio et al(2016)
theoretical draws out roles of people, technology and

framework services in learning provision

Laurillard Framework describes interactions and types { King and Robinson
Conversational activities that occur between teachers and (2009b)Laurillard
Framework students for effectivdearning (2013)
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http://hippasus.com/resources/tte/
http://hippasus.com/resources/tte/
https://microsites.ncl.ac.uk/fasmedtoolkit/theory-for-fa/the-fasmed-framework/
https://microsites.ncl.ac.uk/fasmedtoolkit/theory-for-fa/the-fasmed-framework/
https://microsites.ncl.ac.uk/fasmedtoolkit/theory-for-fa/the-fasmed-framework/
https://microsites.ncl.ac.uk/fasmedtoolkit/theory-for-fa/the-fasmed-framework/
https://en.wikipedia.org/wiki/Technology_acceptance_model
https://en.wikipedia.org/wiki/Technology_acceptance_model
https://en.wikipedia.org/wiki/Technology_acceptance_model
https://3eeducation.org/3e-framework/
https://3eeducation.org/3e-framework/

Unified theory of
acceptance and usg
of technology
(UTUAT)

Alternative to TAM; 4 key factors in accepting
technology: performance expectancy, effort
expectancy, social influence, and facilitating

conditions

Venkatesh et al.
(2016)

4C (Connection,
Communication,

Collaboration,

Framework to organise techragy use in

higher education

Brown et al(2014)

Proficiency*

to learn maths successfully

Creating)
Framework
— | Instrumental Converting digital tools into artefacts, Artigue(2002)
g Orchestration* connecting technical skills and conceptual Kieran and Drijvers
% understanding required (2016)
T Lopes and Costa
% (2019)
9* Thomas et al(2017)
? Didactic Examining digital tool use as interactions Trgalova et al(2018)
Tetrahedron* between (1) tools and knowledge, (2) tools,
knowledge and learner, andtegration of (3)
tools in curriculum or classroom
Mathematical 5 strands of mathematidgroficiency required | National Research

Coucil(2001)

Pedagogical 10 pedagogical opportunities grouped into 3 | Pierce and Stacey
Opportunities* levels: task that has been set, classroom (2010)
interaction, maths topic
Didactical 3 didactical functions supported by technolog] Drijvers(2015)
Functions* (1) Do, (2).earnc Practice Skills, and (3) Learr
concepts
4 Mobile App Categorises use of mobile apps for schools | Handal et al(2011)
E Cdegorisation* based on instructional roles and media richne
(Handal**) as: Productive, Explorative and Instructive. U

ue saoueployy ABojouydsa

D22RgAYyQa Odedblah FAOL

Web 2 typology

(Bower**)

Typology of web 2 tools suitable for teaching
and learning; includes what they have been

used for, their pedagogical uses and examplg

Bower(2016, p. 772)
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Evaluation Grid for
multimedia tools
(Abderrahim,
Mohamed and

Azeddine*¥

Checklist to ascertain quality of multimedia
tools, in terms of pedagogical, didacticaldan
technical quality. Derived from tools used in

secondary education in Morocco

Abderrahim et al.
(2013)

Classification of
Mobile Apps

(Goodwin**)

t NSOdzNE 2 NJ (i 2
concerned withdzd S N& Q

Il ' yRIfQ
t SogSt 2
tasks and activities, for schebased apps:

Instructive, Manipulative, and Constructive

Goodwin(2012, p.
26)

Typology of mobile

apps
(Pechenkina**)

Typology of mobile apps used in higher
education institutions in Australia by order of
most used types: Organiser, Navigator and

Instructive

Pechenkina(2017,
pp. 13%140)

Categories of digital
tools*
(Hoyles and

Noss**)

4 categories of tools:

(1) dynamic and graphical tools, (2) tools that
outsource processing power, (3) new
representational infrastructures, and (4)
implications of highbandwidth connectivity on

nature of maths activity

Hoyles and Noss

(2009)

Experimental
mathematician*

(Borwein**)

Use or affordances of a computer in
mathematics, focussing on mathematical

proofs

Borwein(2005)

User Experience

Honeycomb

7 attributes of technology deemed desirable t
enhance student experience of using

technology

Morville (2016)

aouauadx3 Jasn

Universal Design
for Learning (UDL)

Framework used to provide a fully inclusive
learning environment for all students. 3 main
elements: EngagemenRepresentation, and
Action & Expression, where multiple means t(

achieve these should be considered

Center for Applied
Special Technology
(CAST(2018)

Online Course
Design

Checklist (OCDLC)

Learning

Before, during and after checklist, with 3, 6 a
10 items respetively, for online courses i

higher education

Baldwin and Ching
(2019)

StudentOwned
Learning
Engagement (SOL

model

Theoretical Framework on eLearning syste
that has 3 dimensions: users, technology, g

services

Atkinson(2011)
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FEM Framework fo| 3 aspects: Pedagogical Relationships (betw{ Attard and Holmes

Engagement

in students and teachers), Pedagcg Repertoires (2020)
Mathematics (FEM] (teacher dayto-day teaching practices), an
* Student Engagement (factors that suppq

engagement)

* Indicates framework designed specifically for mathematics education studies.

** \Where framework does not have associated distinguishable name, author(s) have been
included with name

***This framework was originally called TPCK by Mishra and Koehl@8)Bditis now commonly
referred to as TPACK.

In addition to those listed in Table Z34more generalised frameworks were found that encompass

a number of aspects of evaluations and integratf@paricio et al., 2016; Kirkpatrick & Kirkpatrick,
2006; Pickering & Joynes, 2016; Rodriguez et al., 2Fi2) example, Pickering et §2016)
proposed an holistic model of technology enhanced learning TEL evaluation based on the
Kirkpatrick model, one of the most cited models used in the evaluation of training. This model
focusses on learner satisfaction, learner gains, and learner and institutional impact, with a view to
establishing a codbenefit analysigPickering & Joynes, 2016, p. 1244)their literature review on

how technology use is evaluated in education, J. Lai and B(20é®)suggested that education
researchers should use the classifications they developed to better focus the design of educational
technology research. Firstly, researchers can reflect on which aspects of evaluation and its
associated construct they intend to investigate, and then select their methodology from the
methods and instruments that have already been similarly USed.ai & Bower, 2019, p. 38)
Secondly, they proposed that a generalised model for technology evaluation could be developed

based on the themes and subconstructs they identifid_ai & Bower, 2019, p. 38)

As can be seen from Table B4the frameworks vary in which aspects of heology integration
and evaluation are characterised. In the next section, the different features categorised by the most

relevant frameworks will be considered in more detail.

2.4.3LRQ29: What features of technologiytegrationsare described/classified

within these models and frameworks?

In this section, the frameworks in Table 34ill be examined in more detail in order to elicit which
features of technology integration have been classified. Those that came from mathematics
education will be discussed dirand this will be followed by an examination of other relevant

frameworks.
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2.4.3.1Mathematics Specific Frameworks

Pedagogical Opportunities

Pierce and Stacey examined the use of technology in mathematics education in terms of the
pedagogical opportunities that can be supported by the affordances of Mathematical Analysis
Software (MAS)Pierce & Stacey, 2010h their pedagogical map, they identified thiesels where
educational transformation can be enacted by the teacher: mathematical tasks; classroom
dynamics and didactical contract; and the subject area, such as mathematical thinking or
applications(Pierce & Stacey, 2010, p. @hedidactical contract is the set of implicit or explicit
responsibilities and commitments that the teacher and student agree to use within the learning
environment(Gueudet & Pepin, 2018%eiger et al(2016)used these three areas to classify the
studies they examined in a critical synthesis of research on mathematics educational technology in
Australasia. While the pedagogical map was useful, they pointed to areas where it needed to be
extended, such as the inclusion of other technology types. Dri{2@d5)referred to the benefit of

the pedagogical map as a way to define the educational context and mathehptactices of a
technology intervention, which are important in determining the success of a technology

intervention.

Didactical Functions

Drijvers(2015)defined pedagogical functionality in terms of didactical functi{idsjvers 2015, p.
136 Ly { K(S01Hnhadlel t@eeNie ree main didactical functions that are supported by
technology: (1) Do: the functionality related to doing mathematics, where work that could be done
by hand is completed by the technology; (2) Leanpractice skills: the functionalitprovided to
practice skills; and (3) Leamn concepts: the functionality that supports the development of
conceptual understandingDrijvers 2015, p. 136)Drijvers uses this framework to position the

pedagogical use of technology in the studies he subsequently examines.

Instrumental Orchestration

Instrumental orchestration is a term that is used to describe how a teacher orchestrates the use of

I RAIAGEE (G22f ¢ L {20R)d6nSaiastruinsi@ayapprobidh fo Hstrpdiyial taol NJ|

in mathematics wherehe technological and conceptual affordances of the tools are exploited to
foster mathematical understanding. This theoretical framework has been used in mathematics
SRdAzOlF GA2y NBAaSINOK Ay 2NRSN 42 Ay@SadaAia3ardasS |
different technologies and setting3upri et al., 2016; Kieran & Drijve2§16;Thomas et al., 2017)
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Didactic Tetrahedron

The Congress of the European Society for Research in Mathematics Edu@E&®RME) group
adopted a didactic tetrahedron, inspired by TdlB86, as cited in Trgalova et al., 2018, p.td)

examine the interactions between teachers, students, knowledge, and tools (resources and
technology)(Trgalova et al., 2018, p..Zee Figure 2.2 Cognitive processes are described by the
interactions between the technology or resource, knowledge and the learner (student). The
learning theories enacted in th&f  aaNR2Y | NB RSAONAOGSR o6& @GKS

technology or resource in the classroom and the associated knowledge interactions.

technology, resource
/N
74

/| knowledge | \

teacher learner

Figure2.4.1: Didactical Tetrahedron
Copied fronirrgalova(2018, p. 2)

Categories of tooiHoyles & Noss, 2009)

Hoyles and Nos€009)A RSy (A TA SR T 2 dzNthaldisiin§ust? differéné wapgsfthatii 2 2 f
digital tools have the potential to shape mathematical cogniptoyles & Noss, 2009First are

dynamic and graphical toolshat allow students explore mathematical representations from
different perspectives. Secondly, outsourcing processing power allows a machine to take over
processing that would previously have been done by the student. Third are tools that enable the
creation of new mathematical representations and symbols. The final category are tools that allow
connectivity and the ability to share mathematics within the community. This framework has since
been modified and extended to include newly available digital t@old influenced Bray and

¢ Iy 3 Y208 pa259vork on classifying technology mathematics research studies.

Classification System of research stu(Beay & Tangney, 2017)
Bray and Tangnefz017)classified the current literature on mathematics education technology in
order to give an overview of the field and enable a comparative analysis of the interventions. The

studies were classified into four components describetbw: (Bray & Tangney, 2017, fig. 4)
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1 Technology which describes the type of technology in use. They used a refinement of the
Hoyles and Nog2009, as cited in Bray & Tangney, 2017, p. 2&figorisation of tools
(described above) which also took into account tyges of technology use observed in
the literature review. There were seven final classifications within the technology type.

1 Learning Theory. Studies were classified according to whether they adopted a
Behaviourist, Cognitive, Constructivist, Social @ansvist, or Constructionisteaching
and learning approach.

1 Technology Adoption. They used the SAMR model to describe how technology is
integrated, because it pertains to the level of technology adoption specific to tasks and
activities. This model wille discussed in more detail below.

1 Purpose. Each of the studies was classified based on the aim of the study: for example, to
OKIFIy3dS aGddzRSyiaQ YIGKSYFGAOFE FTGGAGddzZRSE AY
and discussion.

In their analysis of thesstudies, Bray and Tangn€3017, p. 270xonclude that while tools are

increasingly being used to enable visualisations, and to promote collaborative praoleing,

they are not yet transforming the studentdening experience.

Formative assessment in Science and Mathematics EdudstiMEQ
TheFaSMEd project team developed a theoretical framework to characterise aspects of the
classroom use of formative assessment technology tools they developed feppostry
education(FaSMEd, 2020a)yhe FaSMEd framework consists of three interrelated dimensions
RSOSt 2LISR FNRY (G(KS NBtS@OFyd tAGSNI Gdz2NB | yR (K.
dimensions are:
1 Agents (student, peers, teachdhat intervene in formative assessment processes in the
classroom and that can activate formative assessment strategies
1 Strategies for formative assessment activated by the agdratsed on the work of Wiliam
and Thompsor§2008)
1 FRunctionalities of technology within the formative assessment procesSesding and
Displaying; Processing and Analysing; and Providing an Interactive Environment

1 (FaSMEd, 2020a)

Mobile Apps Classificatioftdandal et al., 2011)
Handalet al. (2011)examned over a hundregnathematics educational appshile developinga
framework for categorising mobile applications. The apps were initially categorised into nine types

based on their instructional roles and subsequently clustered into three broad classiic
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explorative,productive andnstructive(Handal et al., 201 1xplorative apps allow simulations and

guided discovery; productive apps enable the studentonstruct content such as graphs; and
instructive apps are generally focussed on drill and pracilitese classificationare a modified

form of the Goodwin pedagogical classification of tablet afsndal et al., 2011Handal et al

(2011)F RRSR (KS 02y OSLJi 2F YSRAI NAOKySaahighz RSa
levelofprodb Y a2 f @Ay 3 I y REadh dfthe thibERBsifichtorisianihavy @lower, in

between or higher level of media richness. For exam@eidedDiscoverytype apps which allow
Wxploration and experimentation within a pceterminedt NJ Y S ar@ Bxpldative with a high

level of media richness; thus allowing the student a high level of control over the task in hand and

requiring a high cognitive investme(tiandal et al., 2011)

Framework for Engagement in MathematieEM)Attard & Holmes, 2020)

Attard and Holme$2020)examined how exemplary mathematics teachers take advantage of the
affordances of edcational technology through the lens of the FEM. According to Attard and Holmes
(2020) there are two main factors that encourage student engagement: pedagogical relationships

and pedagogicakpertoires They define pedagogical relationships as thecadional relationships

between students and teachers that support engagement and pedagogical repertories as the
routine educational practices used by the teaclfattard & Holmes, 2020, p. 2T his framework

2dzif AySa | ydzYoSNI 2F StSySyidaz adzOK Fa RSGSNYJ
centred technology, needed to achieve the required pedagogical relationship and repertories that
encourage student engagement with the tediogy providedAttard & Holmes, 2020, p. 3yhese

St SYSyia 6SNB o6lasSR 2y GKS LINI OGAOSa 2F SESYL
Holmes (2020, p. 10)conclude that technology used in this way can engage students with

mathematics.
2.4.3.2General fameworksof relevance

A number of the other frameworks listed in Table 3.4ave been used to investigate technology
integration in higher educatin and in mathematics education. The SAMR aRACHKnodels are
described below because of the frequency with which they appear in the mathematics education
technology literature. Due to their increasing relevance in educational technology, user experience
models and the universal design for learning framework are also descifgthermore aspects

of user experience that are traditionally seen in the context of software should be incorporated into
the of the instructional design process des{@wnan & Ritzhaupt, 2018; Svihla, 2048y support

the effective integration of technology into educatié@onole, 2013; Laurillard, 2012)
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Qibstitution Augmentation Modification Redefinition (SAMR) m{@deintedura, 2006)

The SAMR model is used to characterise how technology tools are adopted into existing education
environments, either through the enhancement or transformation of teaching and learning
processes or activities. This modeigure 2.4, depicts a hierarchical structure of two broad levels,
each with two subcategorie@ray & Tangney, 2017, p. 260he lowest level of integration is to
substitute existig activities without making functional changes, followed by augmentation where
the technology tools are used to augment existing activities and make functional improvements. At
the transformative level, the tasks are either significantly modified throtaghk redesign or the

technology allows the redefinition of tasks that enable activities that were previously unavailable.

Redefinition
Tech allows for the creation of new tasks,
previously inconceivable

Modification
Tech allows for significant task redesign

uoneuwojsuel]

" Tech acts as a direct tool substitute, with

Substitution
Tech acts as a direct tool substitute, with no
functional change

Figure2.4.2: SAMR model for technology integration in education
Gopied from Puergdura(2010, p. slide 3)

Bray and Tangnef2017, p. 269lassified mathematics education technologyngsithe SAMR
model and found that the majority of tool use fell under the augmentation part of the SAMR model,
suggesting that classroom practices are not utilising the affordances of the technologies so that

they can transform practice.

Technological Pedagical Content KnowledgeERACKMishra & Koehler, 2006)

Mishra and Koehlef2006)drew on their experiences working in higher educationdevelopa
framework that captured the knowledgequired by teacherso effectively integrate technology.

This frameworkTPACKhas been widely used and/or referred torgsearch on the integration of
technology in mathematics educatiofprijverset al., 2014; Handal et al., 2012; Oates, 2016;
Trgalova et al., 2018)yhe framework highlights the connections between the content, pedagogical,
and technological knowledge required by teachers for successful integration of technology in
teaching.Mishra and Koehlef2006, pp. 101€1020) used the framework in three ways: (1) to

investigate teacher knowledge with a view to enhancing it, (2) to apply a pedagogical approach of
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learning by design to help teachers achidW®ACKand (3) to guide research and analysis on the
effectiveness of pedagogy associated with technology integration. They conclude thaP&@EK
framework can help describe, make inferences, and inform, how to apply practices of technology

enhanced education

SAMR versus TPACK

In a case study, located in a school context, teachers were asked to reflect on their use of technology
from both the SAMR model and TPACK framework perspedfiviéen, 2016) They discussed
TPACK in terms of technology integration throughout the year whereas they reflected on individual
activities when discussing SANHIton, 2016, p. 71)Hilton(2016, p. 72suggested that the SAMR

model is more focussed on studeoéntred activitis whereas TPACK is more aligned with teacher
centred design. TPACK has become popular amongst researchers whereas SAMR is more popular

amongst practitionergKimmons & Hall, 2018, p. 29)

User Experienddodels

In the studies examined in section 2.3, there is a lack of focus on the usability of the edatati
technology as experienced by the students. While many of the studies explored teacher and student
views, there are only a few that specifically reference a measure for usgbiibjan et al., 2018;

Galligan et al., 2015; S. O. King & Robinson, 2009tas long been recognised that the usability

of educational software needs to be investigated in the context of its use, as opposed to the
software as a standalone produdReeves et al., 2002; Squires & Preece,919Recent
investigations by Slade and Downer (2020), reveal the importance of the user experience for
students when using ePortfoliodany of the early usability techniques used checklists and rubrics,

but these have been proven to be problemaf8quires & Preece, 1999, p. 470ne way to
2PSNO2YS LINRofSYya gAlGK OKSO| t A & Heuristic @valgation K § K S
done by experts (in this case, expert teachers) using 2 et 3dzZA RSt Ay Sas 1y26y
(Squires & Preece, 1999, p. 468he notion of heuristic evaluation was first introduced\bglich

and Nielser{1990) with the associated usability guidelines available on the Nielson Norman group
website(dNielsen, 2020Squires & Preedd 999, p. 479yombined these heuristics with the notion

2F fSENYyFroAfAGe 2F SRdzOF ( Aleaiingt withis6fityag 2 K 8 azRA A 2 A

Reeves et al2002)also used the Nielsen guidelines to define a set dfidiristics for eLearning.

More recently JISC, the UK digital education organisation, combined the notions of usability and
user experience to map out the attributes of educational technology that influence a positive user
experiencegJISC, 2018 ¢ KA a FNI YSG2N)] Aa oF&ASR 2y. a2NDATf €
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useful
usable desirable
valuable

findable accessible

Figure2.43:a 2 NDAf £ SQa | 2ySea02Yo
Copied from(https://www.jisc.ac.uk/guides/usabilinand-userexperiencg

Universal Design for Learning (UDL)

Dimensions such as accessibility and findability have become increasingly important in education
and arereflected in the Universal Design for Learning (UDL) framea®ttescribed biveyer et

al. (2014) part of theCentre for Applied Special Technology (CA&iéctin the USACAST, 2018)

The principles ssociated with UDL 002 dzy i FT2NJ G KS gl &84 Ay 6KAOK
use technology. For example, they include the provision of audio files to support learners that are

visually impaired. The UDL guidelingose & Meyer, 2002kuggest there should be multiple

means of:

1 Representationto give learners various ways aéquiring information and knowledge
1 Expressionto provide learners alternatives for demonstrating what they knend
1 Engagemento tap into learners' interests, challenge them appropriately, and motivate

them to learn

There is limited research on hovwhd use of the UDL framework has impacted on student
engagement with technology. One such study, however, reported that the deliberate design of a
first-year undergraduate science module using multiple means of representation, expression and
engagement, radted in a more positive experience for the teacher, despite an increased workload
(Kumar & Wideman, 2014, p. 13T addition, students were positive about the iease in control

of their learning and in the sense of social presence achi@¢ehar & Wideman, 2014, p. 138)

2.4.4Discussion on evaluations and frameworks/models gihér education

An examination of the research methods used in the mathematics educational technology
literature has revealed that most studies used mixed methods. A variety of measuring instruments
were used such as scales, interviews and class obsersiadon L Y RA O 12 NAR 2F adz00S
AN RSax aiddzRSyidaqQ FyR fSOGAdINBNEQ @ASsa 2y G(GKS

(See Table 2.4.1). While data with respect to behavioural engagement was gathered, it was not
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always analysed inetms of student engagemer(Howard et al., 2018; S. O. King & Robinson,
2009b; Trenholm et al., 2019)Thus, it is difficult to establish the factors of technology
implementations that impact on student engagement. While the use of framewafrksaluation

are reconmended in order to allow the scaling of implementations, there was limited use of such

frameworks found in the literaturéDrijvers 2015; M. King et al., 2014)

There are considerable challenges associated with evaluating technology intedBxibown et al.,

2014; M. King et al., 2014)The use of frameworks of evaluation can help overcome these
challengeqDrijvers 2015; Geiger et al., 2018four main categories of framework were found in

the literature on educational tectology in higher education: technology integration; theoretical
frameworks; technology affordances and types; and user experience frameworks. The focus on
mathematical understanding in the literature on educational technology in mathematics education
is al® reflected in the number of framewaorks that describe how mathematical learning is achieved
using technology as a todArtigue, 2002; Trgalova et al., 2018pd how the pedagogical
affordances of technology can be leverag@&tijvers 2015; Handal et al., 2011; Hoyles & Noss,
2009; Pierce & Stacey, 2089) . 2 {1 K (G KS . N20¥7)systgnRof dassjfichijos anQthe
FaSMEd framewori2020a)encompass a number of aspects of technology use such as the type of
technology, the learning theory used and the level of technology integration. None of the
mathematical frameworks considered usability or user experience, which is increasingly recognised
as a factor in student engagemefifonga Sy 3 ¢ I A S hérty &Phillips,1201ddnd h QCft |
has been identified as a factor in the success of technology integration in mathematics education
(Fabian et al., 201&alligan et al., 2015; Lavicza, 2010; J. Lee, 2014, Oates,\20ill@)there were

a number of frameworks that claimed to describe all aspects of technology education in general
(Aparicio et al., 2016; Pickering & Joynes, 2016; Rodriguez et al., @01®)listic framework for

technology integration was found in the mathematics education literature.

2.5 Conclusioron the literature review

Student engagement has been shown to be an important construct due to its impact on student
succesgFredricks et al., 2016; Helme & Clarke, 2001; Sinatra et al., 2015; Trenholm et al., 2019)
Additionally, there is an increasing use of holistic frameworks to examine both the influencing
factors and resultantoutc6 S& 2 F &0 dzRSy G Sy 3l 3SYSy iz 6AGKAY
(M. Bond & Bedenlier, 2019; Kahu & Nelson, 20Y8hile there is a growing body of research
available on the impact of technology on student engagement, there is @dexruncertainty as

to what is meant by student engagement with technology and how it should be meagdré&bnd

et al., 2020; Henrie, Hadrson, et al., 2015; Schindler et al., 201@)addition, this literature review
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found a dearth of studies in undergraduate mathematics education that specifically focus on
student engagement with technology. Although factors relating to the pedagbuitegration of
technology have been identified in mathematics education litera{ingjvers 2019; Galligan et al.,
2015; Thomas et al., 201 There are few studies that examine technology use from the perspective
of the student or student engagement. Those that do are mainl02 Yy OSNY SR gAGK &i
(Anastasakis et al., 2017b; Kanwal, 2G2@) do not necessarily consider the impact of the usability
and design of the technology on student engagement, factors that haea highlighted in the
general education literaturéM. Bond & Bedenlier, 2019n order to effectively use technology to
support student engagement within higher education, research studies need to be examined under
a clearlydefined kbns of student engagemeiii. Bond & Bedenlier, 2019 his research need is
addressed within this thesis, where a clearly defined lens of student engagemer@e(tam 2.6.1
below) will be used to explore student engagement with tedlogy in the context of

undergraduate norspecialist mathematics modules.

Few studies on education technology define technoleghanced resources; however, it is clear
from the mathematics literature that such resources can be described as technoldgyhabare

used to enhance, or improve, the mathematical understanding, learning experience and/or learning
environment of students engaged in mathematics learnidgastasakis et al., 2017b; Jupri et al.
2016; Ratnayake et al., 2016; Triantafyllou et al., 20Bnathematics educatigrconsiderable

work has gone into examining the use of technology as a tool to enhance mathematical
understandingDrijvers 2015; Monaghan et al., 2016; Trenholm et al., 2015; Trgalova et al., 2018)
Other, more pragmatic benefits have been exploreda lesserextend [ F @A OT I T wnamnT
2015; Triantafyllou et al., 201L5While indicators associated with student engagement were
measured, it is not clear how pedagogical changes rather than technology use affected
engagement. Only ainhited number of studies considered student satisfaction with, and
motivations to use, mathematics education technolgbpward et al., 2018; S. O. King & Robinson,
2009b; J. Lee, 2014; Trenholm et al., 2019; Triantafyllou et al., .2W0l&)e satisfaction rad
motivation are clearly linked to engagemefiiredricks et al., @4) it is not clear what factors
impact on student engagement with mathematics education technold@pnd and Bedenlier
(2019)identified a number of the micrayer influence®n student engagement with technology
such asthe individual student and teacher acceptanceanfd skills in using, technology; the design

of the technologyenhanced activities within the curriculum; and the influence of factors such as
technical support, usability of the technology atie assessment on the learning environmet.

order to examinestudent engagement with technology in mathematics education, research needs

to focus on establishing if these or other factors influence student engagement with technology.
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This research needdas been identified as the first issue that this research stitlyaddress(see

Section 2.5.1 below)

Factors that contribute to the success of technology integration in mathematics education were
ARSY(GAFASRE 4dzOK Fa GKS ySSR T2N) aA3dyAFAOLyi
using technologyDrijvers 2015; Thomas et al., 201 7Mhe pedagogical challenges associated with
integrating technology require careful consideration, and teachers need support to successfully use
technology in mathematics educati¢Buteau et al., 201Mrijverset al., 2013; Mishra & Koehler,
2006; Monagharet al., 2016) One way to overcome these challenges is to have frameworks
available to guide teachers with the integration and evaluation of techndbgyverset al., 2013;

Lopes & Costa, 2019; Mishra & Koehler, 200B)ere are many frameworks found in the
mathematics literature that describe various aspect of technology integration, such as those that
describe the types of technology irse, how learning is mediated using technology and how
technology can be integrated into tasks or settingsee Table 2.4.3. However, there is no
overarching framework that describes both the pedagogical aspects and the educational context of
technology itegration. Thus, this is the second issue that this research study will address (see
Section 2.5.1 below)

2.5.1Research Problem

Two issues have emerged from this literature review outlined in the previous sectioRirst of

all, it is important to establisthe factors that affect student engagement with technology, due its
impact on student success. While few studies in the use of techn@nbgnced resources in
undergraduate norspecialist mathematics courses have investigated how students engage with
mathematics educational technology, evaluations have identified some of the pedagogical features
and technology affordances that impact on the success of technology implementations. However,
studies have not focussed on determining which factors of the teldgyointegrations encourage
students to engage with the resources to support their learninghis study a clearly defined lens

of student engagement will be applied to the evaluation of technology Tise second issue is that
evaluations have revealainumber of challenges to successful technology integration, such as the
technical skills and pedagogical changes required. One way to overcome these challenges is to use
frameworks of technology evaluation that include aspects of the pedagogical, tettanida
educational context of technology implementations. These frameworks can then be used to guide

teachers in the successful integration of technology. No such framework was found in the literature.
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2.5.1.1Researclaims

The aim of this research is to explore wtand in what way, firsgyear undergraduate students
engage with selected technologgnhanced resources to support their learning of mathematics for
non-specialist mathematics modules and to determine what factors ofléaeningenvironment

impact on ths engagement.
Research Objectives based on this:aim

1. To review the current literature on the use of technolegiyhanced resources by first
year undergraduate students in supporting their mathematics learning

2. To investigate how the effectiveness of suesources has been evaluated

3. To evaluate the effect thieearningS Yy @A NR Y YSy (i  Kehgager@eyit wihii dzR S v
selected technologgnhanced resources

4. To develop a researdbased evaluation framework that can be used by practitioners
to determine the effetiveness of technologgnhanced resources that they develop

for their students.
2.5.1.2Research Questions

Three research questions have been identiie@dddress theaims andbjectivesof this PhD study.
The firsttwo research questions are usedeégamine student engagement with lecturdeveloped
technologyenhanced resources. The third research question relates to the evaluation of

technologyenhanced resources. The three research questions are listed below:

RQ1 What are the key factors of techtagy-enhanced resources and their implementations

that influence students' engagement witheseresources?

RQ2 What are the key pedagogical features of technolegyranced resource

implementations that impact on student engagement witieseresources?

R@@B: How can the outcomes of RQ1 and RQ2 be used to develop a framework that
practitioners can use to evaluatedheffectiveness of their implementations of technolegy

enhanced resources?

In the next section theesearch frameworikhat is used to address &sequestions is

discussed.

2.6 Research framework

The selection of a research framework for a particular studyeddp both on the ontological

(nature of being) and epistemological (hature of knowledge) outlooks that are embedded in the
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study (Cohen et al., 2007)0ntological positions in educational research are used to define the
phenomena under investigationnd epistemological perspectives help shape the methods of
generating knowledge for the studfarrowetal., 2028 Ly I RRAGA2Yy X | NBASH N
or value system, impacts on how the research is cotetland interpretedFarrow et al., 2020;

Lincoln & Guba, 1985Yhese three elements, ontology, episten®lé@ YR | EA2f 238&
value system), form the theoretical foundations of the research paradigm adopted for a study
(Farrow et al., 2020Different research paradigms may be used in different branches eéareis,

and a number of distinct paradigms are evident in educational res€iiatow et al., 2020; Lincoln

& Guba, 2000)Positivismand nterpretivismhave been the two most commonly used paradigms
(Lincoln & Guba, 2000}houghmore recently pospositivism, citical andpragmaticapproaches,

which build on these two, are often appli€Barrow et al., 2020; Kivunja & Kuyini, 2017)

1 Positivism:A positivist approach to research generally relies on using empirical evidence
to arrive at a truth. By gathering quantitative data about our experiences of the world
one can analyse and classify them to describe a fact about the world. Positivists aim to
find a hard fact, which is one of the downsides of this approach when used in the social
sciences. Gathering data about human experiences in this manner is diffiaciow et
al., 2020)

1 Postpositivism: While still valuing an objective truth, pepbsitivists recognise that
human experiences are influenced by individual and societal values and backgrounds.
Mixed methods and triangulation of both qualitative and quantitative data are often used
in a postpositivist approact{Farrow et al., 2020)

1 Interpretivism: Interpretivists, on the other hand, regard certain aspects of human
experiences, such as emotions, values, and social and cultural influences, astfadtors
cannot be measured objectively. The researcher derives an understanding of the
LIKSY2YSyl GKNRBdAZAK AYUiSNIINBiGAYy3a GKS adzwaSoi
employed for this approach, where the findings rely on the different perspectives of the
subjects(Farrow et al., 2020; Kivunja & Kuyini, 2017; LincoBuga, 2000)

9 Critical:In a critical perspective, the researcher does not remain neutral in the research,
the outcomes aim to transform a social phenomenon. There are certain methodologies
specifically developed to support this critical paradigm, saghction research and field
research(Farrow et al., 2020)

1 Pragmatic:Pragmatic approaches are aimed at establishing what works. Pragmatists are
not centrally focussed on establishing one truth, but more oriegla reaworld

problem. This method can be used to assess and remodel educational activities. Research
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methods are chosen expediently to match the requirements of the prqjatam, 2012;

Farrow et al., 2020; Weaver, 2018)

LG A& AYLERNIIFIYyG (G2 NBTESOG 2y 2yS$Qa 26y LlRaAil;
what values and experience one brings to the stidgeeet al., 2013; Morrison, 2007)This

research is situated in a higher education context, specifically involving a student cohort who are
enrolled in norspecialist mathematics modules. While this cohort of studentssadtct support
resourcegAnastasakis et al., 2016; Ni Shé et al., 2ah6é)e is little known about how they engage

with technology. It is also apparent that, in order to leverage tfilerdances of technology
effectively in mathematics education, frameworks of evaluation are requi@mhole & Alevizou,
2010;Drijvers 2015; M. King et al.,014) The value system that | bring to this research is based

upon my experiences as a higher education tutor working with students who have traditionally
struggled with mathematics. In addition, | have been actively involved in supporting lecturers in
higher education to take advantage of technology affordances to enhance their teaching. While
recognising elements afterpretivismin the research undertaken regarding student engagement

with technology, apragmaticand somewhatpositivist approach wasaken b determiningthe

factors thatneed to be included in an evaluation framewoiRragmatism involves solving a
problem (Farrow et al., 202Q)n this case how to effectively evaluate technology in mathematics
education.However values, past experiences and the sociocultural environment impact on the
a0dzRSYyGaQ Y20AQ0FGA2ya FyR |OGA2ya Ay NBflIGAZ2Y
through an interpretivist frameworkFarrow et al., 2020)Hence, this research takes a pragmatic
approach to developing a framework for evaluating technology use in mathematics education and

an interpretivist one for understanding how students engage with technology.

2.6.1ResearciDefinitions

While the initial research area of interest will inform the research paradigm and ensuing
methodologiegCohen et al., 2007; Farrow et al., 202B¥ topic under investigation, engagement,
must alsobe defined(Farrow et al., 2020)The methodological considerations are contained in

Chapter4, the definition of engagement that used in this theisioutlined below

2.6.2Definition of engagement for my thesis

From an ontological viewpoint, it is important to have a definition of a phenomenon before one
examines ifFarrow et al., 2020, p. 10)ndeed, Bond and Bedenligt019)assert that, due to the
varied definitions of engagement found in the literature, and the difficulty in measuring all aspects
of engagement, it is important to define whis meant by engagement at the start of the research

study.
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The definition and framework of engagement taken for this study is founded on the literature
review, as outlined in Chapter 2. It is broadly based on the widedygl definitions discussed by
Fredericks et al(2004) with a focus on technology, and relies on the work of both Kahu and iNelso
(Kahu2013; Kahu & Nelson, 201&8)d Bond and Bedenli€2019) The three dimensions and their
associated influencing factors are defined immediately below. This is followed by a discussion of

the engagement framework used in the study.
Behavioural

1 02y OSNY SR ¢ A { Kin ralatidaRoSuging fe€hnologyisiich gsause/nme;
duration they used it; or effort in trying to use it.
9 factors influencing this behaviour such as: recommendation by lecturer; required in class;

or in assessment.
Affective *

1 02y OSNY SR dematins gridr dafrSay airésat of using the technology, such as:
satisfaction; annoyance; confusion; or frustration.

9 factors that influence this emotion: ease of use; aligned with own or course objectives; or
familiarity.

Cognitive

1 concernedwithstuderit Q f SI NYyAy3 FNRY dzaaAy3a GKS

(s}
O
S
<

understanding; or achieving competence in methods.
9 factors that influence this include: behavioural and affective engagement; being positive;

or tasks within the technology being designechatthieve this cognition.
Fb2dS GdKFd GKS GSNY WIFTFSOGABSQ sFa OK2aSy NI
higher education literature.
The use of the Fredericks et &004)definition for this study is justified in that mathematics
educators have also used this definition. For example, Af2@d 2, p. 10saidthat engagement
YIEYyAFSata GKNRdAzZZK | LISNE 2y Qavhich is 2adedldciion af the SKI &
Fredericks eta(2004,p.60y 2 G A2y 2F Sy 3aF ASYSyd | & K2#ttard (§ dzRS Y
(2012)considers that engagement and motivation are interlinked in such a way that when a student
is engaged in mathematighey have been inflenced by motivatioal factorsand vice versalhese

factors of influence are reflected in conceptual frameworks of engagement which are discussed

below.
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One of the most quoted holistic frameworks of student engagement, which includes both the
antecedents(or influences) and consequences of engagement, was proposed by(R&tR) In

this framework, student engagement is framed within a sociocultural context with both structural
and psychological factors influencing engagem@ahu, 2013)Subsequent student eagement

is manifested in either shoterm and/or longterm consequences. In a refinement of the
framework, Kahu and Nels@8018)added the notion of students transitioning to higher education

and included an educational interface in their model. They also moved from the term

wOo2yasSljdsSyo0SaqQ (2 wz2dzid2YSaQ 2F addzRSyd Sy3l 3

focus on student outcomes. This latter model is depicteBigure 2.6.below.

Sociocultural context
Political and social environment:
culture, power, policy, economics...

%
Structural Psychosocial Educational interface Immediate Long term

influences influences P critans outcomes outcomes
Student
University University engagement Academic
e Emotional . I.SuH- -

Interest Attiwude

eaching
Workload
Students nteres
Enthusiasm

-t |
§

Student Student
ound otivatio

Cognitive = =

Deep learning
Self regulation

Belonging

1111

Figure2.6.1 Refined conceptual framework of student engagement
Developed by Kahu and Nelg@918)and copied from Kahu and Nels(®18, p. 64)

2 KAt S YI Kdz (20y8Rrante®drkais2ugefui it lacks a focus on technology. Attard and
Holmes (2020) explored student engagement with ntsmatics technology in primary and
secondary education and utilised a Framework for Engagement with Mathematics (FEM). This
framework focusses on the pedagogical relationships between teachers, students, technology and
content, and the pedagogical reperies of the teachergAttard & Holmes, 2020, p. 3However,

the focus is on teachers and pedagogy in secondary education rather than on students in higher
education. The most relevant framerk of student engagement with technology in higher
education that was found, in the literature, is the biological student engagement framework
proposed by Bond and Bedenli@019) They used the work of Kahu and Nel¢p®18)along with

a review of the relevant literature to propose a frameworlatloperates at a number of levels:
macro, exo, meso and mic(. Bond & Bedenlier, 2019, p..3) is at the microsystem level that

this PhD study resides. The microsystem level is concerned with thgonskips between the

student, peers, teacher and content, and the interactions with techno(dyBond & Bedenlier,
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2019, p. 5)Their model of the factors that influence student engagement with techmois shown

in Figure 2.6.2

Access to
technology
Assessment : Usability
Learning
sporivefj  ENVIFONMent &
and
technology
cg.%'ﬁﬁ,ﬁ{y : Accessibility
Technology
choice

Figure2.6.2 Learning environment and technology influences on student engagement
Copied from Bond and Bedenlier (2019, p.5)

Bond and Bedenligj2019, p. 3mapped out a list of engagement indicators for each ofttivee
recognised dimensions of engagement. These indicators are measurable manifestations of
engagement actions and reactiofid. Bond & Bedenlier, 2019, p..3) addition, Lai and Bowé3.

Lai & Bower, 2019, p. 38pmpiled a list of the indicators, or subconstructs, used to evaluate
technology engagement in education as found in a literature review across all levels of education.
While recognising that these are not exhaustive lists, they have been be used aseacefin the

analysis later in the thesis.

2.6.3Addressing the research questions

RQ1 and RQZas outlined inSection 2.5.1.2,were investigated using the evaluations of the
technologyenhanced resources developed as part of thefidteled project and the reew of
relevant literature. The outcomes of RQ1 and RQ2 were used to addre3arRiQdevelop a
framework for practitioners to evaluate the effectiveness of their implementations of technelogy
enhanced resources. This framework was then tested within thetest of a specific technology
enhanced resource implementation in a figgtar engineering mathematics modulhe context

of the NFfunded project will be discussed in Chapter 3.
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Chapter 3 The National Forunfunded project
3.1Introductionto the National Forunfunded project

The need for research on student engagement with mathematics educational technology, and for
effective means of evaluating the use of such technologies, was established in Chapeemrtial
impetus for this PhD research was iNational Foum for the Enhancement of Teaching and
Learning in higher education in Ireland (Ni)ded project ¥! a4SaayYSyd F2NJ [ SI N
forFirst, SI NJ ! YRSNANI Rdzl (S (NF)nitHE).SThelrasduies deaetopeddorihis Q
project were aimed at addressing a widegported problem: that firstyea undergraduate
students in Ireland are undgarepared for the norspecialist mathematics modules thegcounter
(Faulkner et al., 200T DA f ¢ g h Q5RohRobdéettthaced Hommativé assessment
techniques were used to design and build a number of support resources that were then made
available to selected firsgear undergraduate students attending nspecialist mathemati
modules. As part of the project, the resources were evaluated and then modified before they were
made generally available on the project webgité-, n.dd). It was within the evaluations of these
resources that the work in this PhD began. The initial evaluations revealed gwtance of a
number of factors that impacted on student engagement with the resources. In an attempt to
classify these factors, it became apparent that no framework currently existed that encompassed
all of the factors. Thus, the research focussed ordidneelopment of such a framework. In addition,
interviews with students revealed that their engagement with technology was a complex issue.
C2ft26Ay3 | NBOGASE 2F GKS tAGSNI GdzNBxX Aa g1l a
enhanced resources first-year undergraduate nospecialist mathematics modules had not been
fully explored. Hence, the research wafined to focus on factors that impact student engagement
with technologyenhanced resources and widened to include the development of aruatiah
framework that practitioners can use to support their planning and evaluation of such resources.
The purpose of Chapter 3 is to explain the context in which the project resources were developed.

The chapter contains five sections as follows:

1 The fist section contains an overview of higher education and the NF in Ireland

1 The background and rationale for the filhded project are given in the second section

1 In the third section, the project objective and the role of this researcher withirptiogect
are described

1 Details of the different Nffunded resources are outlined in the fourth section

1 The final section contains the particulars relating to thefitteled resource

implementations

58



3.2HigherEducationn Ireland

In order to situate the student cohort who partook in this research project, a brief description of
higher education in Ireland is given in the first subsection below. This is followed by an overview of

the functions of the NF.

3.2.1Universities andnstitutesof Technology

Prior to 2019, undergraduate education in Ireland was mainly provided by two types of institutes:
Universities and Institutes of Technology (IoTs). Traditionally they glagnct roles in
undergraduate education in Ireland, with lofainly providing certification at Higher Certificate
level, Ordinary degree and Honours degree, while Universities focus mainly on Honours and
postgraduate degreg(DES, 2005)loTs tend to have a greater percentagenadture students
(students over the age of 23), parime students and students from disadvantaged areas than
Universitieso h @iadzt al., 2015)In 2015, at the time the project was funded, there were 21
Higher Education Institutes (HEIs) in the Republic of Ireland: seven universities and 14 loTs. In
addition, there are a number of private colleges, some of whom receivdigpinds towards
primary undergraduate education. In 2Q18e Irish government enacted legislation for the
provision of Technological Universities envisioned to occur mainly through the amalgamation of

existing loT¢Higher Education Authority, n.d.)

Access to higher education in Ireland is via a centralised application system that allocates places
basedonentryrequ NBYSy da FyR | &addzRSyid a02NBz OFffSR ¢
at Leaving CertificatdCAQ n.d.) The Leaving Certificates the terminal posprimary state
examination in Ireland and is taken by 96% of the student cohort at the end of a fivey@wasix
secondary school programndeh Q { dzf f A @l ny'1) Entry rdqdirénientsiand points obtained

tend to be lower for the loTs than the universiti€PES,2011) Almost all students study
mathematics atleaving certificatealthough they can opt for three different levels in the
mathematics examinatiortdigher, Ordinary and Foundation Level with Higher Level (HL) being the
highest rated in terms of levefsubjectmatter covered and difficultyFaulkner et al., 2010, p. 77)

There are mre points allocated to HL grades than Ordinary Level.(Students who take
Foundation Level (FL) mathematics generally do not have direct entry into higher edy€a4on

n.d.; Faulkner et al., 20L@etween 2010 and 2015, a new mathematics curriculum was gradually
introduced in postLJNR YI NB  SRdzOF GA2y AY LNBflFYyR® dat N22SC
mathematical understanding, real word applications and encourages greater problem solving skills
(DES, 2011)n tandem with its implementation, stients who take HL mathematics now receive

bonus points towards entry into higher educati¢@AQ n.d.) Entry requirements imathematics
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for accesdo higher educatorRSLISY R 020K 2y (GKS |1 9L | y{RGAQUKS &
n.d.).

3.3The National Forurfor the Enhancement of Teaching and
Learning in Higher Education in Ireland

TheNF is the Irish national body with responsibility for promoting and leading teaching and learning
policies and initiatives in higher educatifF, n.da). The Department of Education and Skills (DES)
hashighlighted the significance of a positive fisgar student experiencéfailure to address the

challenges encountered by studentshinir first year contributes to high dreput and failure rates,

A % 4 A x

CNFyaAdAz2yaQ | a 0KSH NJKSENBEAIRESG A BACEERO flyaiBesiek S Y S
0dzAf RAy3I RAIAGLH S O | asJlor@ Aol the drir@iplds Zo& theil Ko&dmap Sod i 2 NI
enhancement in a digitatorld (NF, 2015b, n. vii)n line with these policieshey funded a number

of crosssectoral research projects that aimed to support digital innovation and collaboration across

25 HEIgNF, n.dc). A subset of these research projects focussed omlagrmore about how
studenttransitions can be supported with digital resources. The Assessment for Learning
Resources for First Year UndergradudighematicsModules, whictwasthe starting point for this

PhD, was one of tlee NFProjects. The overardatig aim of the project was the development of

digital formativeassessment techniques to improve the teaching and learning experience of first

year undergraduate nospecialist mathematics modulgdlF, n.db). Details of this project are

outlined in the next section.

3.4TheAssessment for Learning ResourcesHiost Year
Undergraduate Mathematics Modules project

ThisNFfundedprojectwas kickstarted in 2015 and had a twgear durationlts focuswason those
students attending nosspecialist mathematics modules, sometimes referred to as service
mathematicqFaulkner et al., 2011%ervice mathematics, practiced worldwide in higher education,
is defined asthathematics asaught to norrmathematics specialists and students studying science,
SY3aAySSNAyYy3: | yR eidiguseval. 2@0Me studehts invalembietidspijach
were attendingeither Engineering, Computer Science, BusinesScience degree programmes.

The prior mathematis required for these courses varies across programme and institution

The resources developed for this fillded project were aimed at addressing a widedported
problem: that firstyear undergraduate students in Ireland are ungeepared for the nomn
specialist mathematicsnodules they encounteé C I dzf { Y SNJ S&G | f X wamnX H

2007b) This haseen found to impact on their ability to successfully complete their first year at
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higher educatior(Liston et al., 2018Wwhich fas consequences for the targets for higher education
set out by the Department of Education and SKDIES, 2011 he lack of basic mathematical skills
on entering higher education, and the resultant impact on progression and retentisralso been
identified in an international context]. Allen et al., 2008; Galligan et al., 2015; Liu & Whitford,
2011; Loughlin et al., 2015; OECD, 2015; Trenholm et al., 2019; Wang, 20@9}onsequence,
Mathematics Learning Support Centres (MD)31@se been put in place inlargenumber of higher
education institutesacross Europe, Australia and the UB8Amed et al., 2018; Cronin et al., 2016;
Grove et al., 2020; Lawson et al., 2012; Mac an Bhaird et al., 2011; MacGillivray, 200; Vills
2020; Rylands & Shearman, 2015; Schirmann et al., 2D26urers have also sought to address
this issue through the provision of technolegghanced resourcefCoupland et al., 2016; Kay &
Kletskin, 2012; Loch et al., 2012; Mac an Bhaird et al., 2020; Trenholm et al., [204a&Yition,
students attending firsiyear undergraduate mathematics modules ssdfect and us technology
enhanced support resources such as YouTube videos, Khan Academy and Wolfram Alpha to support

their mathematics learnin¢Anastasakis et al., 2017a; Kanwal, 2020; Ni Shé et al., 2017b)

As a crossectoral projectthis NFfunded project had members from two universities, Maynooth
University (MU) and Dublin City University (DCU) and two 10Ts, Dundalk Institute of Technology
651L¢0 YR !(Kf2yS LyadAaddzZiS 2F ¢SOKyzfe3e o!
The members of the project team, along with the main roles they, laadshown in Table3.4.1

below.

Table3.4.1: Assessment for Learning Resources for First Year Undergraduate Modules

Team Members | Institution | Discipline Main role (s) within the project

5N ! yy MU Mathematics | Project Lead and edeveloped interactive

tasks using GeoGebra.

Dr. Ciaran Mac an MU Mathematics | Joint responsibility for overseeing research
Bhaird and developing a list secommended freely

available technologgnhanced resources.

Dr. Seamus Mc | MU Engineering | Joint iesponsilility for the development of

Loone the audience response system UniDoodle
App.

Christina Kelly MU Software UniDoodle apoftware development

(Joined April Developer

2015)
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Dr. Eabhnat Ni DCU Mathematics | Joint responsibility for overseeing research
Fhloinn and the development of the initial student

and lecturer survey

Dr. Brien Nolan | DCU Mathematics | Codeveloped a playlist of relevant Khan

AcademyKA) videos and quizzes

Dr. Sinéad Breen | DCU Mathematics | Codeveloped interactive tasks using
GeoGebra

Dr. Conor DCU Engineering | Joint iesponsilility for the development of

Brennan the UniDoodleApp.

Caitriona Ni Shé | DCU/MU | PhD Project researcher (under joint supervision

(Joined April candidate of Dr. Ciardn Mac an Bind and Dr. Eabhnat

2015) Ni Fhloinn)

Dr. Fiona Lawless DKIT Mathematics/| Codeveloped a playlist of relevant KA vide|
Computer and quizzes, developed KA mastery
Science challenges and student authored screenca

teaching activity

Dr. Frank Doheny| AIT Mathematics | Developed Moodle lessons

Each of the project memberselected the resources that they developed for their students and
were responsible for the implementath of those resources within their institution. The initial
funding period was from January 2015 to December 20 a no-cost extension granted until
April 2017.

3.50bjective of the project and role of this researcher

Asdiscussed earliethe NC<bbjedive in funding the project was based on the need to learn more
about how students can be supported in transitioning from secondary education to undergraduate
level. As outlined above, the target population for the project were those students who have
problems with firstyear undergraduate nospecialist mathematics moduléBaulkner et al., 2010;
DAff 9 h Q5 2 yThchitndabtBe projach asdset out in the initial stages, was to identify
mathematical topics and concepts that are problemafiic those students and to use this
information in the development of formative assessment techniques and resadteess intended

that these resources;onsisting of online activities and interactive task®uldimprove student
understanding of the tpics identified. A further aim was to evaluate the effectiveness of these

resources before developing a shared digital platform for all the HEIs in Ir@N&fch.d-b). From
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the outset it was envisaged thdaechnologyenhancedormative assessment techniques would be
employed within the resources in ordeo tencourage students to monitor and develop their

understanding of theelevantproblematic topics.

Prior to the development of the resourceabge project team explored the literature for definitions

of mathematical understanding and formative assessmérk S G SNXY WY G KSYl GA OF f
is not welldefined, and many authors have attempted to describe it in different w@mse &

Kieren, 1994; Skemp, 1976As there was no single definition for mathematical understanding

found in the literature,the NFfunded project groupchose to work with the concept of
WYFGKSYF GAOIE LINPFTAOASYO&e Qs |a REORCROOBPp. 1A% GKS
145). The NRC defined mathematical proficiency as encompassing five interwoven and

interdependent strandsvhichare summarised as follows:

f W/ 2yOSLYidzt £ dzyRSNEGI YRAY3IY O2YLINBKSyarzy 2
relations

1 Procedural fluency: skill in carrying out procedures flexibly, accurately, efficiently, and
appropriately

9 Strategic competence: ability to formulate, represeamtg solve mathematical problesn

1 Adaptive reasoning: capacity for logical thought, reflection, explanation, and justificati

1 Productive disposition: habitual inclination to see mathematics as sensible, useful, and

worthwhile, coupled with a beliefin diigy OS ' Yy R 2y S (NRC, 2001/ p. $18)F A Ol C

The project team identified conceptual understanding and procedural fluency as the most

important strands for their students, and so chose to focus on these within the resources.

Asstated,one of the obgctives of using the resources wasuse formative assessment techniques.

In the consideration of how to support formative assessment it was first necessary to determine
what is meant by formative assessmelkithile formative and summative assessment haeen

used in educational contexts since 1967, it is the work of Paul Black and Dylan Wiliam since 1998
that has promoted the concept of formative assessment as a means of improving student learning
(Wiliam & Thompson, 2008 their original workBlack and Wiliam defined formative assessment

Fda GKS GSFOKAY3 FyR tSENYAYy3 OGABAGASE GKIFG |
that can be used by either the lecturer and/or the student as feedback to modify subsequent
activities(Black & Wiliam, 1998)n their work on integrating assement with learning, Wiliam and
Thompson(2008)developed a framework to help integrate formative assessment into teaching and
fSINYAYyId ¢KSe& RMB3Gp. £R/S FilyYAlF GILANE yiceRERKS iff@nkagon O1 Y

about the gap between the actual level and the reference level of a system parameter which is used
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to alterthe gapinsomew&® . I 8SR 2y (GKA& RSTFAYyAGA2YS (KSe@
that are necessary for effective feedtla (1) determine where the learners currently are, (2) plan
where the learners are going, and (3) inform the learners of how to get there. They outlined five

key strategies that can be used to provide effective formative assessment:

1. Elarifying andsharing learning intentions and criteria for success

2. Engineering effective classroom discussions, questions, and learning tasks that elicit
evidence of learning

3. Providing feedback that moves learners forward

4. Activating students as instructional resouréesone anothe

5. Activating students as the owners of their own lear@iivgiliam & Thompson, 2008, p.

64)

The issue of using formative assessment in higher education has been examined and discussed
(Boud, 2000; Gibbs, 2010; Sadler, 1998; Yorke, 2008)| and MacFarlaneDick (2007, p. 205)
outlined seven good feedback practices that can be used to help achieve formative assessment in
higher education. The pject team decided to use the Wiliam and Thomp§ad08)framework as

it has been well researched within the literature and the strategies align withNitoel and
MacFarlaneDick (2007, p. 205g00d feedback practice3he use of this framework informed the
development of Formative Assessment section of the TeRfEteworkand is further referenced

in Section 6.5.

Using technology to support formative assessmentds new. Indeed, as discussed in Chapter 2,
the FaSMEd project focussed on the use of technology ingrastary classrooms to support the
formative assessment strategies described in the Wiliam and Thomp2008) framework
(FaSMEd, 2014)n higher educationYorke(2001)noted the possibility of using technology as a
less timeconsuming metbd for implementing formative assessment than by hand, thus freeing up
valuable lecturer time. In a review of the literature on online formative assessment in higher
education, Gikandi et a(2011)found three functionalities of technologyupported formative
assessment: (1) provision of formative and immediate feedback, (2) supporting engagement with
critical learning processes, and (3) promoting equitable actissgthe affordances ofechnology

to support assessment has been showrstpport the following educational benefitgrovision of

a range oflifferent types of assessmentiexibility on timing and location of assessment; improved
student engagement especially with interactive tasksiohincorporate instant feedbag¢lkand
timely evidence on the effectiveness of course design and del(#®C, 2010, P). The need to
provide instant feedback to students was taken into consideration when selecting the resource

types to be used in the Nignded projectThefirst stageof the project, carried out between January
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and April 2015¢consisted of surveys difst-year students and their lecturerg;ho were involved in
non-specialist mathematics module§he objective was to establishoth the mathematical
concepts and procedures with whiskudentshave difficulty and the resources they use would

like to use,to help overcome thee difficulties. This survey was designed and carried out by the
team prior to the arrival of this researcher. Subsequently, this researcher carried out an analysis of
the data gathered during the surveys and two published paparsrged:dProblematic topics in
first-year mathematics: lecturer and student viegdv@Ni Shé et al., 2017and § G dzZRSy (i & Q
f SOGdZNBNBEQ OASga 2N She ét K.S2017hTheCatcoNa af zhizeBeSrch
were used to inform the topics covered in tid~funded project resourcesind the types of

technologies used.

The next stage of the project involved thlievelopment,implementation and trialling of the
resources, with &iew to their modification and subsequent-tgalling. During this phas¢he team
members were responsible for theselection andimplementation of the resourceshey had
developed This researcher had responsibility for the design and development of the research
instruments to be usedln addition, shecoordinated all research activity and worked with the
individual team members to finaune and finalise the research questions andmsents for each
resource implementation. All the data was analysed by this researcher and fed back to the
individualteam membersSubsequently, some of the team members mawedificationsto the
resourcesand second trials were implemented. In additiame of the team members, Dr. Conor
Brennan, facilitated this researcher to carry out further research on student engagement with
technology at a later stage of the PhD. This will be described in more detail in Chaptaredthe
evaluations were complete the team members had no further involvement withishPhD
NBaSI NOK> 20 KSNJ wh& toyitribddIto aspgcys ofhthe {clisSifications of the
resources in the early stages of the development of a classification frameWwudskframework will

be discussed in Chapter 6. In additiddr, Ciaran Mac an Bhaird and Dr. Eabhnat Ni Fhieere

involved, as PhBupervisors

As indicated above, thewo strands of mathematical proficiency, formative assessment dhd
affordancesof technology, formed ta basis of the design and implementation of th&funded
project resources.The focus was on developing conceptual and procedural understanding of the
topics identified from the initial survefNi Shé et al., 2017ayhese Nfunded project resources

will be described in the next section.
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3.6 The NHunded Project Resources

As outlinedabove,one of the aims of th&l~funded project was to develop technologgnhanced
formative assessmes for use in firstyear undergraduate nospecialist mathematics modules.

The resources developed enable assessment for learning by providing feedback for students to
improve their learning. The outcome from the surveys carried out in April 2015 indithétd
students considerethat the most problematic topics encountered in their fisgtar mathematics
modules were integration, differentiation, functions, logs and limits, and that they had difficulty
with the procedures rather than the concep(dli Shé et al., 2017aHowever, theirlecturers
pointed to students§lack of ability in some basic algebraic skilish as the manipulation of formula

and fractions, and solving linear agdadratic equationgNi Shé et al., 2017d)ecturers considered

that the problems studentseported with calculus were related to the absence of these essential
skills thoughboth students and lecturers agreed that calculus procedures and using logs proved
difficult (Ni Shé et al., 2017a, pp. €2Z@2). The topics covered in thid~funded projectresources
focussed on many of these essential skills along with the understanding of the concept of functions.
In order to align with the objectives of the Minded project, which was to provide technoigg
enhanced resources that support the development of conceptual and procedural understanding,
using formative assessment strategies that align with the Wiliam and Thon(peo®) framework

and provide instant feedback, the followifigur different resource were selected andleveloped

by the lecturers involved in thproject:

1. An audience response system called UniDoodle

2. Khan Academy playlists and mastery challenges implemented via Moodle
3. A suite of interactive tasks using GeoGebra and Nasmb
4

Online lessonand quizzes designed in Moodle

These first three resources are described in more detail in the subsections below. The online lessons
and quizzes designed in Moodle were discontinued after the first use, and are not further outlined
here. The trial carriedut on this resource was used to pilot the student survey which is further

discussed in Chapter 4.

3.6.1 UniDoodle

UniDoodle is a smart device studemisponse system designed for use in mathematics lectures. It
currently operates on all devices running eith®S or Android. The system consists of a student
application that allows for freeform input, through sketching capabiljiéegcturer application that
allows easy viewing and editing of multiple skebzsed responsesnd a Google App Engine cleud

basal service for cardinating between these two applications. Lecturers create questions which
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are displayed via the overhead projector to the class. Students prepare individual responses which
are uploaded to the lecturer tablet. The lecturer then seleelsevant responses, both correct and

incorrect, to display and discuss with the class. Figuelshows a sample of UniDoodle screens.
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Figure3.6.1: The UniDoodle screens

3.6.2Khan Academy Playlists

Khan Academy (KA) is a freedywailable learning resource which provides practice exercises,
instructional videos, and a personalized learning dashb@ghén Academy, 2020)he KA Playlist

was implemented in this preft in two specific ways. In the first implementation, the KA material
was used to provide students with a learning path that enabled themtssifand subsequently
develop the most problematic mathematical skilist had been identified by the projeceam The
second implementation was used to provide a flipped classroom appraaaethich the lecturer
monitored student progress through a learning pathway, designed by the lecturer, and
subsequently modified in the fag®e-face lectures. The KA Playliate made available through the
institutional Virtual Learning Environment (VLE) and allow students to link directly to quizzes and
videos on relevant topics. Background information on KA and how it should be used is also provided.
Figure3.6.2.is a screagrab taken from the DCU implementation and shows the VLE interface and

the KA video that a student has selected.
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Figure3.6.2: Khan Academy as implemented in DCU

3.6.3Interactive tasks using GeoGebra and Numba

GeoGebra is a freelgvailable dynamic mathematics software that enables the development of
interactive mathematics resources for use in the teaching and learning of matherf@do§ebra,
2020) Numbas is a webased eassessment system developed at Newcastle University with a
focus on producing examuiz packages in mathematigdlewcastle University, 2015Jhese two
applicationsvere used to develop interactive GeoGebra tasks and interactive Numbas assessments
that were made available to students via the studéevitE Studentswere made aware, in class or

via the VLE, of the availability of the relevaesource as they progresdthrough the mathematics
module. These resources, referred to as tasks, are interactive; students can vary and manipulate
variables to determine the effect on given graphs or other artefacts, thus enablingtthdavelop
deepermathematical understanding. Theassessment allows students assess their understanding
and provides them with opportunities to adjust this understanding. In additsmme tasks
provided mathematical instruction and posleprobing questions. Figur8.6.3 and 3.64 show

examples of an interactive GeoGebra task and a Numizssessment respectively.
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Figure3.6.3: Investigatinghe Horizontal Line Test using GeoGebra

(https://www.geogebra.org/m/RrwwWmsSg3

Figure3.6.4: Numbas eassessment on functions
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https://www.geogebra.org/m/RrWWmS63





























































































































































































































































































































































































































































































































































