
 
 

{ǘǳŘŜƴǘǎϥ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘŜŎƘƴƻƭƻƎȅπ
ŜƴƘŀƴŎŜŘ ǊŜǎƻǳǊŎŜǎ ƛƴ ŦƛǊǎǘ ȅŜŀǊ ƴƻƴπǎǇŜŎƛŀƭƛǎǘ 
ǳƴŘŜǊƎǊŀŘǳŀǘŜ ƳŀǘƘŜƳŀǘƛŎǎ ƳƻŘǳƭŜǎ 

 
 

Author 

Caitríona Ní Shé B.Sc (Hons), M.Sc. 

Thesis submitted to Dublin City University for the 

Doctor of Philosophy 

School of Mathematical Sciences 

August 2021 

 

Research Supervisors 

Dr. Eabhnat Ní Fhloinn (DCU) 

Dr. Ciarán Mac an Bhaird (Maynooth University)



 
 



 
 

ii 

Declaration 

 

I hereby certify that this material, which I now submit for assessment on the programme of study 

leading to the award of Doctor of Philosophy is entirely my own work, and that I have exercised 

reasonable care to ensure that the work is original, and does not to the best of my knowledge 

breach any law of copyright, and has not been taken from the work of others save and to the extent 

that such work has been cited and acknowledged within the text of my work.  

Signed: 

   

Student ID No.: 55214882. 

Date:  July 25th 2021 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 



 
  

iii 

Table of contents 
5ŜŎƭŀǊŀǘƛƻƴΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦii 
¢ŀōƭŜ ƻŦ !ōōǊŜǾƛŀǘƛƻƴǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧv 
Table of ¢ŀōƭŜǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.v 
¢ŀōƭŜ ƻŦ CƛƎǳǊŜǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧ.vii 
!ōǎǘǊŀŎǘΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧix 
/ƻƴŦŜǊŜƴŎŜ /ƻƴǘǊƛōǳǘƛƻƴǎ ŀƴŘ tǳōƭƛŎŀǘƛƻƴΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦΦx 
!ŎƪƴƻǿƭŜŘƎŜƳŜƴǘǎΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΧΦxi 

 Introduction to thesis ...................................................................................... 1 
1.1 Introduction ........................................................................................................................ 1 
1.2 Research Intent ................................................................................................................... 1 
1.3 Research Methodology ....................................................................................................... 4 
1.4 Research Contribution ........................................................................................................ 7 
1.5 Outline of this thesis ........................................................................................................... 8 

 Literature Review ........................................................................................... 11 
2.1 Introduction ...................................................................................................................... 11 
2.2 Student engagement with technology in higher education (and mathematics) ............. 12 
2.3 Technology in education and in mathematics in higher education:  what works and what 
does not ........................................................................................................................................ 24 
2.4 Evaluating technology use in higher education (and mathematics) and the use of 
frameworks and models ............................................................................................................... 33 
2.5 Conclusion on the literature review ................................................................................. 49 
2.6 Research framework ......................................................................................................... 52 

 The National Forum funded project .............................................................. 58 
3.1 Introduction to the National Forum funded project ........................................................ 58 
3.2 Higher Education in Ireland .............................................................................................. 59 
3.3 The National Forum for the Enhancement of Teaching and Learning in Higher Education 
in Ireland ....................................................................................................................................... 60 
3.4 The Assessment for Learning Resources for First Year Undergraduate Mathematics 
Modules project ............................................................................................................................ 60 
3.5 Objective of the project and role of this researcher ........................................................ 62 
3.6 The NF-funded Project Resources .................................................................................... 66 
3.7 The NF-funded Project resource trials .............................................................................. 70 
3.8 Conclusion ......................................................................................................................... 72 

 Research Methodology .................................................................................. 73 
4.1 Introduction to the chapter .............................................................................................. 73 
4.2 Research methodology and design................................................................................... 74 
4.3 Research Methods ............................................................................................................ 79 
4.4 Validity, reliability and trustworthiness of this study ....................................................... 99 
4.5 Ethical considerations during this work.......................................................................... 101 
4.6 Discussion ....................................................................................................................... 102 

 Student engagement with the NF-resources............................................... 103 
5.1 Introduction .................................................................................................................... 103 
5.2 Methodology revisited ς factors identified .................................................................... 104 
5.3 Student usage of the NF-funded project resources ....................................................... 106 
5.4 Student opinions of the NF funded project resources - survey...................................... 108 
5.5 Outcomes of the focus groups in the GeoGebra2 trial .................................................. 121 
5.6 Lecturer opinions on the use of the NF-funded project resources ................................ 131 
5.7 Factors from the literature ............................................................................................. 133 
5.8 Discussion and Conclusion .............................................................................................. 136 



 
  

iv 

 Development of the TeRMEd Framework ................................................... 144 
6.1 Introduction .................................................................................................................... 144 
6.2 TeRMEd framework ς an overview ................................................................................ 144 
6.3 Implementation Section ................................................................................................. 149 
6.4 Technology Section ......................................................................................................... 153 
6.5 Learning Section.............................................................................................................. 155 
6.6 Formative Assessment Section ....................................................................................... 156 
6.7 Conclusion on the TeRMEd framework development ................................................... 158 
6.8 Classifying the NF-funded project resources .................................................................. 159 
6.9 The TeRMEd frameworkς practitioner view................................................................... 166 
6.10 The TeRMEd framework - conclusion ............................................................................. 178 

 Using and evaluating the TeRMEd framework ............................................ 182 
7.1 Introduction .................................................................................................................... 182 
7.2 TeRMEd classification of Matlab .................................................................................... 184 
7.3 Survey and Usage as measures of student engagement ................................................ 189 
7.4 Focus group and survey comparison .............................................................................. 193 
7.5 Further exploration of engagement ............................................................................... 197 
7.6 Discussion and conclusion .............................................................................................. 202 

 Discussion and Conclusions ......................................................................... 206 
8.1 Introduction .................................................................................................................... 206 
8.2 Answer to RQ1 ................................................................................................................ 211 
8.3 Answer to RQ2 ................................................................................................................ 213 
8.4 Answer to RQ3 ................................................................................................................ 215 
8.5 Significance of the TeRMEd framework ......................................................................... 218 
8.6 Limitations of the research ............................................................................................. 220 
8.7 Further Research............................................................................................................. 222 
8.8 Contribution and Conclusion .......................................................................................... 224 
8.9 Final Reflections .............................................................................................................. 225 
Reference List ............................................................................................................................. 227 
Appendices.................................................................................................................................. 249 

 

  



 
  

v 

Table of Abbreviations 

Abbreviation Meaning 

NF National Forum for the Enhancement of Teaching and Learning in Higher 
Education 

VLE Virtual Learning Environment 

OECD Organisation for Economic Co-operation and Development 

NRC National Research Council 
KA Khan Academy (for the trials relating to KA) 

FaSMEd Formative assessment in Science and Mathematics Education (project) 

CAO Central Applications Office 
DES Department of Education and Skills 

 

Table of Tables 

Table 2.2.1: Factors that influence engagement with educational technology in mathematics ..... 21 
Table 2.3.1: Benefits of using technology in higher education ........................................................ 28 
Table 2.4.1: Measures taken in the studies ...................................................................................... 34 
Table 2.4.2. Theoretical Frameworks used in the studies ................................................................ 36 
Table 2.4.3: Frameworks used in the integration and evaluation of technology ............................ 38 
Table 3.4.1: Assessment for Learning Resources for First Year Undergraduate Modules ............... 61 
Table 3.7.1: Details of the NF-funded project resources trials ......................................................... 70 
Table 4.3.1: Literature review types - and those used in this study ................................................. 80 
Table 4.3.2: Stage 3 - Research methods.......................................................................................... 82 
Table 4.3.3: Moodle event log file - example of a GeoGebra task ................................................... 85 
Table 4.3.4:  Moodle data from KA2 class application logs .............................................................. 87 
Table 4.3.5: Code description and examples .................................................................................... 91 
Table 4.3.6: Research methods - stage 5 .......................................................................................... 97 
Table 4.3.7: User experience Likert scale items ............................................................................... 98 
Table 5.2.1: Trial implementation and evaluation details of the NF-resources ............................. 104 
Table 5.3.1: Percentage of students who accessed the NF-resources ........................................... 108 
Table 5.4.3: t- test results for UniDoodle1 and UniDoodle2 groups .............................................. 112 
Table 5.5.1: Background data of focus groups students ................................................................ 123 
¢ŀōƭŜ рΦрΦнΥ LƴǘŜǊǎŜŎǘƛƻƴ ƻŦ ΨDŜƻDŜōǊŀ ǘŀǎƪǎΩ ŀƴŘ Ψ¦ǎŜŘ-!ǎǎƛƎƴƳŜƴǘΩ .......................................... 124 
Table 5.5.3: Intersection of Affordances and Used - Useful ........................................................... 125 
¢ŀōƭŜ рΦрΦпΥ LƴǘŜǊǎŜŎǘƛƻƴ ƻŦ Ψbƻǘ ¦ǎŜŘΩ ŀƴŘ Ψ9ƴŎƻǳǊŀƎŜ DŜƻDŜōǊŀ ¦ǎŜΩ ....................................... 127 
Table 5.7.1: Pedagogical features from the literature ................................................................... 133 
Table 6.2.1: Models and Frameworks used to classify technology use ......................................... 146 
Table 6.3.1: TeRMEd framework - Implementation Section .......................................................... 149 
Table 6.4.1: TeRMEd framework ς Technology Section ................................................................. 154 
Table 6.5.1: TeRMEd framework - Learning Section ...................................................................... 156 
Table 6.6.1: TeRMEd framework - Formative Assessment Section ................................................ 156 
Table 6.8.1: Implementation section - Classification of the NF-resources..................................... 160 
Table 6.8.2: Technology section ς classification of the NF-resources ............................................ 161 
Table 6.8.3: Learning section ς classification of the NF-resources ................................................ 162 
Table 6.8.4: Formative Assessment section- classification of the NF-resources............................ 163 
Table 7.2.1: TeRMEd classification of Matlab................................................................................. 184 
Table 7.2.2: Expected student engagement - Implementation factors.......................................... 186 



 
  

vi 

Table 7.2.3: Expected student engagement - Technology factors ................................................. 187 
Table 7.2.4: Expected student engagement - Learning factors ...................................................... 187 
Table 7.2.5: Expected engagement - Formative Assessment factors ............................................. 188 
Table 7.3.1: Survey item responses after the EM114 module ....................................................... 189 
Table 7.3.2: TeRMEd classification of Matlab -  User Experience .................................................. 190 
Table 7.3.3: Number of comments coded - survey open question ................................................ 192 
Table 7.4.1: Number of segments coded to nodes - focus groups ................................................. 194 
Table 7.5.1: Number of segments coded to nodes and sub-nodes ................................................ 197 
 

  



 
  

vii 

Table of Figures 

Figure 1.3.1: Research design and associated outcomes ................................................................... 6 
Figure 2.2.1: The refined conceptual framework of student engagement ...................................... 20 
Figure 2.4.1: Didactical Tetrahedron ................................................................................................ 43 
Figure 2.4.2: SAMR model for technology integration in education ................................................ 46 
CƛƎǳǊŜ нΦпΦоΥ aƻǊǾƛƭƭŜΩǎ IƻƴŜȅŎƻƳō ................................................................................................. 48 
Figure 3.6.1: The UniDoodle screens ................................................................................................ 67 
Figure 3.6.2: Khan Academy as implemented in DCU ...................................................................... 68 
Figure 3.6.3: Investigating the Horizontal Line Test using GeoGebra .............................................. 69 
Figure 3.6.4: Numbas e-assessment on functions ............................................................................ 69 
Figure 4.2.1: The five stages of the research .................................................................................... 76 
Figure 4.2.2: Stage 3 - iterative evaluation of the NF-resources ...................................................... 78 
Figure 4.3.1: KA class setup showing two missions .......................................................................... 86 
Figure 4.3.2: Process involved in the development of the TeRMEd framework .............................. 94 
Figure 4.3.3: Validating the TeRMEd classification framework ........................................................ 95 
Figure 5.2.1: Final research instruments that contributed to the identification of the factors ..... 106 
Figure 5.3.1: Number of hits per day in the GeoGebra2 trial ......................................................... 107 
Figure 5.4.1: Positive responses for the four common items in the seven trials ........................... 110 
Figure 5.4.2: Positive responses for the 7 common items in the KA trials. .................................... 114 
Figure 5.4.3: Survey and usage data outcomes that support the identified factors ...................... 118 
Figure 5.5.1: Themes and associated node categories and subcategories. ................................... 122 
Figure 5.5.2: Focus group outcomes that support the identified factors ...................................... 130 
Figure 5.8.1: Final research instruments that contributed to the identification of the factors ..... 137 
Figure 5.8.2: Indicators of engagement that were observed or measured ................................... 139 
Figure 6.2.1: The TeRMEd classification framework ...................................................................... 145 
Figure 6.2.2: Contribution to knowledge made by the TeRMEd framework ................................. 149 
Figure 6.9.1: Implementation section responses ........................................................................... 167 
Figure 6.9.2: Technology section responses ................................................................................... 169 
Figure 6.9.3: Learning section responses ....................................................................................... 170 
Figure 6.9.4: Formative Assessment section responses ................................................................. 171 
CƛƎǳǊŜ сΦфΦрΥ [ŜŎǘǳǊŜǊǎΩ ǎǳǊǇǊƛǎŜ ƻǊ ƻǘƘŜǊǿƛǎŜ ƻƴ ǎǘǳŘŜƴǘǎΩ ƻǇƛƴƛƻƴǎ ............................................ 172 
Figure 8.1.1: The five stages of the research project ..................................................................... 208 
Figure 8.1.2: Overall outcomes of the research project ................................................................. 209 
Figure 8.1.3: Indicators of engagement that were observed or measured in the study ............... 210 
Figure 8.4.1: Contribution of the 12 factors to the development of the TeRMEd framework. ..... 215 
Figure 8.4.2: The TeRMEd classification framework ...................................................................... 216 
 

 

  



 
  

viii 

 

  



 
  

ix 

Abstract 

Caitríona Ní Shé: Students' engagement with technology-enhanced resources in first year non-
specialist undergraduate mathematics modules 

 

While students undertaking first-year undergraduate mathematics modules report using 
technology-enhanced resources (YouTube, Khan Academy, Wolfram Alpha) for their studies, and 
lecturers invest time and effort into developing such resources using tools such as GeoGebra and 
Matlab, there has been little research on the factors that encourage students to engage with 
particular technology-enhanced resources or in what ways students use these resources to support 
their learning.   While a recent OECD report found that an increase in the use of computers in 
ƳŀǘƘŜƳŀǘƛŎǎ ƛƴ ǎŎƘƻƻƭǎ ŎƻǊǊŜƭŀǘŜŘ ƴŜƎŀǘƛǾŜƭȅ ǿƛǘƘ ǎǘǳŘŜƴǘǎΩ ǇŜǊŦƻǊƳŀƴŎŜ ƛƴ ƳŀǘƘŜƳŀǘƛŎǎ, there 
are suggestions that the effectiveness of educational technology is not being adequately 
determined due to the lack of frameworks of evaluation. Additionally, more information regarding 
the implementation of the resources is required.  

I worked as part of a team of academics from four higher education institutes in Ireland, who 
developed a suite of resources, called Technology-enhanced Resources for Mathematics Education 
(TeRMEd), for first-year non-specialist 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, and in what way, first-year students engaged with these resources to support their 
learning for non-specialist mathematics modules and to determine what factors of the 
implementation environment impacted on this engagement. This research consisted of five stages: 
(1) literature review; (2) research design; (3) analysis of the TeRMEd evaluations; (4) development 
of the TeRMEd classification framework; and (5) supplementary investigations of first-year 
ŜƴƎƛƴŜŜǊƛƴƎ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ aŀǘƭŀō ŀƴŘ ƻǘƘŜǊ ǘŜŎƘnology-enhanced resources. The 
outcomes of this research will inform mathematics educators on appropriate evaluation of 
technology-enhanced resources and on how best to implement them to ensure appropriate 
student engagement. The research will increase our knowledge on how students engage with 
technology-enhanced resources and will inform practice in the field. 
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Introduction to thesis 

1.1 Introduction 

The use of digital technologies has become ubiquitous in our societies. In higher education 

institutes, students are constantly connected via smart phones, laptops and the internet. 

Multimedia information on any topic or skill can be sourced effortlessly by students. 

Consequently, it would be expected that students would effectively engage with technology-

enhanced resources provided by lecturers to supplement their learning. However, is this actually 

the case? How effective are these resources? Are some more effective than others? How can we 

tell? Currently, there is an ongoing debate in the international educational community about how 

best to use digital technology to support student engagement, and as a consequence learning, in 

higher education (Bayne, 2014; Selwyn, 2010).  

In mathematics education, researchers have pointed to the need to establish which technology 

implementations work best and why, so that they can be used effectively (Drijvers, 2016b).  In his 

lecture on digital technology in post-primary mathematics education, Drijvers (2015) refers to 

άdecisive factorsέ that beneficially influence the use of technology-enhanced resources. One of the 

barriers to establishing these decisive factors is the lack of frameworks that can be used to evaluate 

the use of technology-enhanced resources (M. King et al., 2014).  

This study sets out to identify the decisive factors that influence the effectiveness of the use of 

technology-enhanced resources 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 Ireland, the National Forum for the 

Enhancement of Teaching and Learning in Higher Education (NF) recognised the importance of 

building first-ȅŜŀǊ ǳƴŘŜǊƎǊŀŘǳŀǘŜ ǎǘǳŘŜƴǘǎΩ ǳƴŘŜǊƭȅƛƴƎ ǎƪƛƭƭǎΣ ǎǳŎƘ ŀǎ ƳŀǘƘŜƳŀǘƛŎǎ (NF, 2018). The 

research outlined in this PhD thesis stemmed from one of the associated NF-funded projects,  

ΨAssessment for Learning Resources for First-Year Undergraduate Mathematics ModulesΩ (NF, n.d.-

b). The resources developed for this NF-funded project were aimed at addressing a widely-reported 

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

specialist mathematics modules they encounter (Faulkner et al., 201лΤ Dƛƭƭ ϧ hΩ5ƻƴƻƎƘǳŜΣ нллтōύ. 

This has been found to impact on their ability to successfully complete their first year at higher 

education (Liston et al., 2018), which has consequences for the targets for higher education set out 

by the Department of Education and Skills (DES) (DES, 2011). The lack of basic mathematical skills 
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on entering higher education, and the resultant impact on progression and retention, has also been 

identified in an international context (J. Allen et al., 2008; Galligan et al., 2015; Liu & Whitford, 

2011; Loughlin et al., 2015; OECD, 2009; Trenholm et al., 2019; Wang, 2009). Mathematics Learning 

Support Centres (MLSCs) have been put in place in an attempt to address this issue in a number of 

higher education institutes, particularly in Ireland, the UK and Australia (Lawson et al., 2012; Mac 

an Bhaird et al., 2011; MacGillivray, 2009; Samuels, 2010). Lecturers have also sought to address 

this issue through the provision of technology-enhanced resources (Coupland et al., 2016; Kay & 

Kletskin, 2012; Loch et al., 2012). Furthermore, students attending first-year undergraduate 

mathematics modules self-select support materials and use technology-enhanced support 

resources such as YouTube videos, Khan Academy and Wolfram Alpha to support their mathematics 

learning (Anastasakis et al., 2017b; Dalby et al., 2013; Ní 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, 2010). Student 

engagement, as examined by Trowler (2010) in her report for the Higher Education 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 Coates (2005, p. 26):  

ΨIn 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 

learningΩΦ 

Student engagement is known to be influenced by factors such as the provision of effective 

resources and supports (Beer et al., 2010; M. Bond & Bedenlier, 2019; Kahu, 2013; Zepke & Leach, 

2010). It is important, therefore, to evaluate the effectiveness of resources that are put in place in 

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

the effectiveness of the technology-enhanced resources developed by the lecturer team involved 

in the NF-ŦǳƴŘŜŘ ǇǊƻƧŜŎǘ ΨAssessment for Learning Resources for First Year Undergraduate 

Mathematics ModulesΩΦ CƻƭƭƻǿƛƴƎ ŀƴ ƛƴƛǘƛŀƭ ƭƛǘŜǊŀǘǳǊŜ ǊŜǾƛŜǿ ŀƴŘ ŜŀǊƭȅ ǊŜǎǳƭǘǎ ƻŦ ǘƘŜ ŜǾŀƭǳŀǘƛƻƴǎΣ 

the project was refined to focus on factors that impact student engagement with technology-

enhanced resources and widened 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 question. A recent OECD 

report (2015) identified that an increase in the use of computers in mathematics in schools 

ŎƻǊǊŜƭŀǘŜŘ ƴŜƎŀǘƛǾŜƭȅ ǿƛǘƘ ǎǘǳŘŜƴǘǎΩ ǇŜǊŦƻǊƳŀƴŎŜΦ ²ƘƛƭŜ ǘƘƛǎ Ƙŀǎ ōŜŜƴ ŜŎƘƻŜŘ ƛƴ ƻǘƘŜǊ ǎǘǳŘƛŜǎ 
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(Coupland et al., 2016; Geiger et al., 2016; Selwyn, 2012a), these findings are disputed. Research 

reported by Rakes, Valentine, McGatha and Ronau (2010) claims that the use of technology tools 

do improve studentǎΩ conceptual understanding of mathematics. It has also been suggested that 

the effectiveness of educational technology is not being adequately determined due to the lack of 

frameworks of evaluation (M. King et al., 2014) and that more information regarding the 

implementation of resources is required (Drijvers, 2015). Drijvers (2016b) suggests that empirical 

studies which focus on experimental research do not examine the educational setting and how the 

ǘŜŎƘƴƻƭƻƎȅ Ƙŀǎ ōŜŜƴ ƛƳǇƭŜƳŜƴǘŜŘ ōȅ ǘƘŜ ǘŜŀŎƘŜǊ ŀƴŘ ǘƘŀǘ ΨǿŜ ƴŜŜŘ ǘƻ ƪƴƻǿ ƳƻǊŜ ŀōƻǳǘ ǿƘŜǊŜ 

ŀƴŘ Ƙƻǿ ƛǘ ƛǎ ǳǎŜŘ ǘƻ ƎǊŜŀǘŜǎǘ ŜŦŦŜŎǘΩ (Higgins et al.,2012 as cited in Drijvers, 2016b, p. 6) so that the 

ΨŘŜŎƛǎƛǾŜ ŦŀŎǘƻǊǎΩ ǘƘŀǘ ŜǎǘŀōƭƛǎƘ ΨŜǾŜƴǘǳŀƭ ōŜƴŜŦƛǘǎΩ Ŏŀƴ ōŜ ŘŜǘŜǊƳƛƴŜŘ (Drijvers, 2016b, p. 7). The 

importance of implementing appropriate pedagogical practices when using technology to support 

learning in mathematics education has been long established (Bray & Tangney, 2013; Geiger et al., 

2016; Pierce & Stacey, 2010). However, studies reporting on the use of technology do not 

necessarily examine the effects the particular pedagogical practices have 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 technology-enhanced 

resources to support their learning of mathematics. The second identifies the 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.  

1.2.1 Research Aims 

The aim of this research is to explore why, and in what way, first-year undergraduate students 

engage with selected technology-enhanced resources to support their learning of mathematics for 

non-specialist mathematics modules and to determine what factors of the learning environment 

impact on their engagement.  

Research Objectives: 

(1) To review the current literature on the use of technology-enhanced resources by first-

year undergraduate students in supporting their mathematics learning. 

(2) To investigate how the effectiveness of such resources has been evaluated. 

(3) ¢ƻ ŜǾŀƭǳŀǘŜ ǘƘŜ ŜŦŦŜŎǘ ǘƘŜ ƭŜŀǊƴƛƴƎ ŜƴǾƛǊƻƴƳŜƴǘ Ƙŀǎ ƻƴ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ 

selected technology-enhanced resources. 
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(4) To develop a research-based evaluation framework that can be used by practitioners to 

determine the effectiveness of technology-enhanced resources that they develop for 

their students. 

1.2.2 Research Questions 

Three research questions have been identified to address the aims and objectives of this PhD study. 

The first two research questions are used to determine the implementation factors and pedagogical 

features that impact on student engagement with technology-enhanced resources.  The third 

research question addresses the development of an evaluation framework to be used by 

practitioners when evaluating the technology-enhanced resources they provide for their students. 

The three research questions are: 

Research Question 1 (RQ1): What are the key factors of technology-enhanced resources and 

their implementations that influence students' engagement with these resources? 

Research Question 2 (RQ2): What are the key pedagogical features of technology-enhanced 

resource implementations that impact on student engagement with these resources? 

Research Question 3 (RQ3): How can the outcomes of RQ1 and RQ2 be used to develop a 

framework that practitioners can use to evaluate the effectiveness of their implementations 

of technology-enhanced resources? 

In the first instance in this thesis, it is important to define and understand the difference between 

RQ1 and RQ2. According to the Oxford English Dictionary (OED) (OED, n.d.-a Definition 1), a factor 

ƛǎ ΨAn element which enters into the composition of something; a circumstance, fact, or influence 

ǿƘƛŎƘ ŎƻƴǘǊƛōǳǘŜǎ ǘƻ ŀ ǊŜǎǳƭǘΩ. RQ1 seeks to find those elements of technology-enhanced resource 

ƛƳǇƭŜƳŜƴǘŀǘƛƻƴǎ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǎǳŎƘ ǊŜǎƻǳǊŎŜǎΦ hƴ ǘƘŜ ƻǘƘŜǊ ƘŀƴŘΣ ŀ 

featǳǊŜ ƛǎ ŘŜŦƛƴŜŘ ŀǎ ΨA distinctive or characteristic part of a thing; some part which arrests the 

ŀǘǘŜƴǘƛƻƴ ōȅ ƛǘǎ ŎƻƴǎǇƛŎǳƻǳǎƴŜǎǎ ƻǊ ǇǊƻƳƛƴŜƴŎŜΦΩ (OED, n.d.-b Definition 4). Thus, RQ2 seeks to find 

ǘƘŜ ŎƘŀǊŀŎǘŜǊƛǎǘƛŎǎ ƻŦ ǘƘŜ ǇŜŘŀƎƻƎƛŜǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǘŜŎƘƴƻƭƻƎȅ ǳǎŜ ǘƘŀǘ ƛƳǇŀŎǘ ƻƴ ǎǘǳŘŜƴǘǎΩ 

engagement with technology-enhanced resources. For example, a factor may be whether the 

resource is used in class or not, whereas as a feature of the pedagogy will be the types of tasks 

supported by the technology. 

1.3 Research Methodology 

In order to address the aims and objectives of this PhD research study, both pragmatic and 

interpretive approaches are taken. An interpretive approach was beneficial when investigating how 

students engage with technology-enhanced 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 experiences. 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 technology-enhanced resources and converting these into a practical application: 

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

technology-enhanced resources they develop for their students.    

The research methodology chosen for this PhD study reflects the need to select methods that 

support the paradigm taken by the researcher (Kivunja & Kuyini, 2017; Lincoln & Guba, 2000). In a 

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 appropriate (Duram, 2012; Farrow et al., 

2020; Morgan, 2014; Morrison, 2007). Interpretive approaches generally involve qualitative 

research methods to gather data, and inductive analysis is then used to generate theory from the 

documented real life social experiences (Farrow et al., 2020; Kivunja & Kuyini, 2017). Thus, a mixed 

methods study was designed for this PhD study.  

1.3.1 Research Stages 

There were five stages in this research study: 

¶ Stage 1: Literature review 

¶ Stage 2: Research Design 

¶ Stage 3: NF-funded project technology-enhanced resource evaluations 

¶ Stage 4: Technology-enhanced Resources for Mathematics Education (TeRMEd) 

framework development 

¶ 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 addition, 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. This research design process is 

illustrated in Figure 1.3.1 below. 
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Figure 1.3.1: Research design and associated outcomes 

Colour code: Blue - Stages of the research; Grey - Data gathering methods; Yellow - principal 
outcomes from each research stage. Green - Main research contributions of this PhD study. Green 
dashed lines ς research stage outcome to a main contribution. 

1.3.2 Research Methods 

The data gathering methods were selected to reflect the mixed methods nature of the study. During 

stage 3, a student survey was designed to elicit quantitative data with respect to student opinions 

of the NF-funded 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 resources 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 resources were elicited 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 NF-funded project resources. A lecturer survey was designed and implemented to gather 

ƭŜŎǘǳǊŜǊǎΩ ƻǇƛƴƛƻƴǎ ƻŦ ǘƘƛǎ ŦǊŀƳŜǿƻǊƪΣ ŀƴŘ ǳǎŜŘ ǘƻ ŀǎǎŜǎǎ ǘƘŜ ǾŀƭǳŜ ƻŦ ǘƘŜ ŦǊŀƳŜǿƻǊƪ ƛƴ ǘƘŜ ǇƭŀƴƴƛƴƎ 

and evaluation of technology-enhanced resource integrations.  

In stage 5, the TeRMEd 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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ŀƴŘ ǇǊŜŘƛŎǘ ǘƘŜ ŜȄǇŜŎǘŜŘ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘƘŜ ǊŜǎƻǳǊŎŜΦ ! ǎǇŜŎƛŀƭƭȅ-designed student 

short survey was then used to evaluate the effectiveness of the integration of this resource within 

the module. Following on from that, two student focus-group interviews were held to corroborate 

the outcomes of the Matlab evaluation and further probe the factors that influence student 

engagement with technology.  

vǳŀƴǘƛǘŀǘƛǾŜ ŀƴŀƭȅǎƛǎ ǿŀǎ ŎƻƴŘǳŎǘŜŘ ƻƴ ǘƘŜ ǊŜǎƻǳǊŎŜǎΩ ǳǎŀƎŜ Řŀǘŀ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǎǳǊǾŜȅΣ ǳǎƛƴƎ 

both MS Excel and SPSS. Qualitative inductive analysis was used to code the open survey and focus 

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 Nelson (2018). Specifically, 

student engagement with technology was examined in the context of the learning 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 technology-enhanced resources. 

1.4 Research Contribution 

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

discussed in more detail below. 

1.4.1 Factors and features that impact student engagement with technology  

The evaluation of the NF-funded project resources enabled the identification of a list of 

implementation factors that impact on student engagement with technology-enhanced resources 

within first-year undergraduate non-specialist mathematics modules. The focussed literature 

review revealed further pedagogical features that have been found to influence this cohort of 

ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘŜŎƘƴƻƭƻƎȅ-enhanced resources. While many of the 12 factors 

identified are corroborated in the literature, a number of them have not been examined and 

investigated through the lens of student engagement. When considered together, they provide a 

response to Drijvers  (2016b, pp. 1ς7) quest to find ǘƘŜ ΨŘŜŎƛǎƛǾŜ ŦŀŎǘƻǊǎΩ ǘƘŀǘ ŜǎǘŀōƭƛǎƘ ΨŜǾŜƴǘǳŀƭ 

ōŜƴŜŦƛǘǎΩ of using technology in mathematics education.  

1.4.2 Indicators and measures of student engagement with technology-enhanced 
resources 

This study identified indicators of student engagement within the observations and measures used 

to evaluate the NF-funded resources. While engagement indicators are used to ƳŜŀǎǳǊŜ ǎǘǳŘŜƴǘΩǎ 

positive and negative engagement with technology (Bond & Bedenlier, 2019; J. Lai & Bower, 2019) 

mapping of such indicators to the three dimensions of engagement has been shown to be 

problematic (M. Bond et al., 2020; M. Bond & Bedenlier, 2019; Fredricks et al., 2016; Sinatra et al., 
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2015). The engagement indicators, found in this study, were mapped to the three dimensions of 

engagement, allowing the examination of student engagement with technology-enhanced 

resources in an integrated manner, and contributing to the discussion on the holistic nature of 

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

1.4.3 The TeRMEd classification framework 

The pragmatic nature of the study involved the development of a framework of evaluation, the 

TeRMEd classification framework. The research illustrated how a practitioner successfully used the 

TeRMEd framework to support the effective design and integration of technology. The latter is a 

key requirement of using digital technology to support student engagement, and, as a 

consequence, learning in higher education (Bayne, 2014; Selwyn, 2010). Not only does this 

framework support the factors that influence student engagement identified through this research, 

it also encompasses many of the elements of existing frameworks used to consider the impact of 

technology on student engagement (Attard & Holmes, 2020; M. Bond & Bedenlier, 2019). 

A note on terminology 

 While it is not always clear in the 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 other 

hand, the term Ψframework of evaluationΩ is often used to describe how (technology) integrations 

are evaluated, see for example King et al. (2016). To add to this confusion the term theoretical 

framework is also used to specifically describe the structure that guides the development of a 

research study. 

In this context the TeRMEd framework is referred to as a classification framework of evaluation 

that supports both the classification and evaluation of technology-enhanced resource 

interventions.  The term theoretical framework is used throughout the thesis to refer to either the 

development of learning theories within a research context, or to the framing of a research study, 

wherever relevant. 

Two articles relating to the outcomes of this thesis are in preparation: one on the evaluations of 

the NF-funded project resources with respect to student engagement with technology-enhanced 

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

1.5 Outline of this thesis 

This chapter introduces the research work carried out in this PhD. The details of the research and 

its outcomes are contained in the following seven chapters. 
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Chapter 2: Literature review 

Chapter 2 discusses and analyses the literature in the field under study. It concludes with the 

identification of the research aims and objectives and the development of the research questions 

that are addressed in the following chapters. There are four main sections in the literature review: 

¶ Section 1: Student engagement with technology in higher education (and mathematics) 

¶ Section 2: Technology in education and in mathematics in higher education: what works 

and what does not 

¶ Section 3: Evaluating technology use in higher education (and mathematics) and the use 

of frameworks and models 

¶ Section 4: Conclusion of the literature review 

Chapter 3: The National Forum funded project 

Chapter 3 establishes the context of the project. It discusses the background to first-year 

undergraduate non-specialist mathematics in undergraduate education in Ireland. It explains the 

context of the development of the NF-funded project resources and identifies the members of the 

project team and their role within the project. Finally, it contains a description of the various NF-

funded project resources and specifics of the trials associated with each of the resources.  

Chapter 4: Research Methodology  

In Chapter 4, the rationale for the research design and methodology chosen for the project are 

considered. The research paradigm adopted by this researcher is justified and an appropriate 

methodology selected. Chapter 4 also describes the research design and instruments used at each 

stage of the research. The validity and trustworthiness of the study is discussed, along with a review 

of the ethical considerations. 

Chapter 5:  Student engagement with the NF-funded project resources 

During stage 3, the NF-funded project resources, described in Chapter 3, were evaluated to 

determine the effect different learning environments have on student engagement. Chapter 5 

contains an analysis of the data gathered and the relevant outcomes are then explored with a view 

to addressing RQ1 and RQ2.  

Chapter 6: Development of the TeRMEd Framework 

In Chapter 6, the rationale behind the development of the various sections and categories of the 

TeRMEd framework is described. The use of the 12 factors, identified in Chapter 5, to construct the 

TeRMEd framework is considered throughout. This framework was then tested. The NF-funded 
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project resources were classified within the TeRMEd framework and the lecturers involved in the 

project were asked to reflect on the classifications. The outcomes of this research are discussed in 

terms of possible implications for future iterations of the resources, and the value or otherwise of 

using the TeRMEd framework. 

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 educational setting. Thus, Chapter 7 considers the use of the 

TeRMEd framework to help plan and evaluate the integration of the technology tool Matlab into a 

first-year undergraduate mathematics module.  

Chapter 8: Discussion and Conclusions 

In Chapter 8, the research questions are answered. The overall findings from the research project 

are discussed in the wider context of literature in this area. The significance and limitations of these 

findings are described along with the recommendations for future research projects in this area.  
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Literature Review 

2.1 Introduction 

The role of the literature review within a thesis is multifaceted. In the first instance, it allows 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 thesis (Boote & Beile, 2005; Hart, 1999; Randolph, 2009). Secondly, 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, 2009). Finally,  the literature review 

enables the researcher to identify the important research, the seminal articles and the influential 

researchers in the area (Boote & Beile, 2005; Hart, 1999; Randolph, 2009).  

Because of the multifaceted nature of the literature review, it is important that the scope and 

objectives are well-defined. Effective literature reviews should adhere to a number of criteria such 

ŀǎ ǘƘƻǎŜ ƻǳǘƭƛƴŜŘ ƛƴ /ƻƻǇŜǊΩǎ (1998, as cited in Randolph, 2009, p. 3) taxonomy of literature reviews 

ŀƴŘ .ƻƻǘŜ ŀƴŘ .ŜƛƭŜΩǎ (2005) literature review scoring 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 material, and the perspective audience (Randolph, 2009). It is also important to 

acknowledge the implications of the Hawthorne and novelty effects when gathering and reviewing 

research studies (Franz, 2018; Hochberg et al., 2018). Research studies that attempt to minimise 

this, for example by using multi-method and multi-measurement research designs, were located 

when identifying sources (Franz, 2018). Similarly, publication bias can impact on the availability of 

studies that record no, or detrimental, effects of education interventions (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 systematic (Baker, 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 dissertation (Onwuegbuzie & Frels, 2016). This 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 area of this project and guided the development of the research 

questions. 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 over 300 articles. At various junctures throughout the project, a 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 education, it was essential 

to locate all relevant studies; hence a more 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 the types of literature review used is 

contained in the research methods of Chapter 4. 

The research reported on in this thesis is aimed at establishing how and in what way students 

engage with technology and the factors that influence their engagement, specifically students 

attending first-year undergraduate non-specialist mathematics modules. Three main inter-related 

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

¶ Student engagement with technology in higher education (and mathematics) 

¶ Technology in education and in mathematics in higher education: what works and what 

does not  

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

frameworks and models 

The outcomes of the literature review are presented 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 thesis. The research 

framework which is used to address the research questions is considered in the final section. 

2.2 Student engagement with technology in higher education (and 
mathematics) 

Over the last twenty years, higher education institutions have increasingly focussed their attention 

on student engagement as an indicator of the quality of their educational offerings (Kuh, 2003; 

Trowler, 2010). This is unsurprising as many studies have shown that student engagement 

influences student success (M. Bond & Bedenlier, 2019; Fredricks et al., 2016; Henrie, Halverson, et 

al., 2015; Schindler et al., 2017; Sinatra et al., 2015; Trowler, 2010). In addition, the use of digital 

technologies has become more pervasive in society and in education (M. Bond & Bedenlier, 2019; 

Henderson et al., 2015; Schindler et al., 2017). Therefore, there is a growing interest in how the use 

of technology in higher education impacts on student engagement (M. Bond & Bedenlier, 2019; 

/ƻǳǇƭŀƴŘ Ŝǘ ŀƭΦΣ нлмсΤ hΩCƭŀƘŜǊǘȅ ϧ tƘƛƭƭƛǇǎΣ нлмрΤ h9/5Σ нлмрΤ {ŎƘƛƴŘƭŜǊ Ŝǘ ŀƭΦΣ нлмтύ. However, 

specific research into student engagement and technology use is sparse: Schindler (2017) found no 

systematic reviews that considered the association between the two concepts. Many researchers 

have stated that studies in student engagement are difficult to identify because the construct of 

engagement is so loosely defined (M. Bond et al., 2020; Fredricks et al., 2004; Henrie, Halverson, et 
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al., 2015; Kahu & Nelson, 2018). Further, Trowler (2010, p. 3) explained that studies investigating 

concepts such as student feedback and approaches to learning were in fact examining engagement, 

without having identified student engagement as a construct in their investigations.  

As the main aim of this PhD research is to examine student engagement with technology, in this 

section of the literature review, studies that examine technology use (and explicitly refer to and 

define engagement) are reviewed. Studies into the use of technology in undergraduate 

mathematics education that do not reference engagement are examined in subsequent sections of 

this chapter. A general review of the literature was carried out to investigate existing research 

studies on student engagement with mathematics education technology. Databases, including 

Education Research Complete (ERC) and Web of Science, were used to locate articles using a 

number of key terms such as ΨǎǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘΩΣ ΨǘŜŎƘƴƻƭƻƎȅΩΣ ΨǘŜŎƘƴƻƭƻƎȅ ǳǎŜΩΣ ΨŘƛƎƛǘŀƭ ǘƻƻƭǎΩΣ 

ΨƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴΩΣ ΨǳƴŘŜǊƎǊŀŘǳŀǘŜ ŜŘǳŎŀǘƛƻƴΩΣ ŀƴŘ ΨƳŀǘƘŜƳŀǘƛŎǎΩΦ {ǘǳŘƛŜǎ ǿŜǊŜ ǎŜƭŜŎǘŜŘ ŦƻǊ 

inclusion based on their relevance to the subject area of this research. Articles, generally peer-

reviewed, that explored the concept, definition and measurement of student engagement, or that 

examined the effect of student engagement with technology, and had a focus on higher education 

and/or mathematics, were selected. In addition, seminal works were examined for further insights. 

There were over 45 articles identified that investigated student engagement with technology and 

14 of those were related to mathematics learning. The following questions were formulated based 

on one of the aims of the thesis: why and in what way do students engage with technology to 

enhance their mathematics learning for first-year undergraduate mathematics modules? 

¶ LRQ2.1: What is meant by student engagement with technology and why is it important? 

¶ LRQ2.2: In what way(s) has student engagement with technology been measured? 

¶ LRQ2.3: What are the factors of implementations that encourage/discourage student 

engagement with technology? 

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

following three subsections. 

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

While many educational studies have reported on student engagement, there is 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 

ŦǊƻƳ !ǎǘƛƴΩǎ (1984) work on student development theory, and Fredricks et al., (2004) seminal paper 

on school engagement (Coates, 2007; Kahu, 2013; Schindler et al., 2017; Trowler, 2010). The study 
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of Fredricks et al. (2004, p. 59) recognised 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, Fredricks 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 

ǘƻ ŎƻƴŎŜǇǘǳŀƭƛȊŜ ŀƴŘ ŜȄŀƳƛƴŜ ǇƻǊǘƛƻƴǎ ƻŦ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ǳƴŘŜǊ ǘƘŜ ƭŀōŜƭ άŜƴƎŀƎŜƳŜƴǘέ ƛǎ ǇƻǘŜƴǘƛŀƭƭȅ 

problematic; it can result in a prolƛŦŜǊŀǘƛƻƴ ƻŦ ŎƻƴǎǘǊǳŎǘǎΣ ŘŜŬƴƛǘƛƻƴǎΣ ŀƴŘ ƳŜŀǎǳǊŜǎ ƻŦ ŎƻƴŎŜǇǘǎ ǘƘŀǘ 

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

Nonetheless, they found that the literature was focussed on constructs which relate to one or other 

of three types of engagement: behavioural, 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 discussed the following 

definitions from the literature:  

¶ Behavioural engagement is generally defined in three ways; positive conduct (following 

rules and guidelines), involvement in learning tasks (effort, persistence), and participation 

in school related activities. 

¶ 9Ƴƻǘƛƻƴŀƭ ŜƴƎŀƎŜƳŜƴǘ ǊŜŦŜǊǎ ǘƻ ǎǘǳŘŜƴǘǎΩ ŀŦŦŜŎǘƛǾŜ ǊŜǎǇƻƴǎŜǎ ƛƴ ǘhe classroom such as 

ōŜƛƴƎ ōƻǊŜŘΣ ǎŀŘΣ ŀƴȄƛƻǳǎ ŜǘŎΦ ōǳǘ ŀƭǎƻ ǎǘǳŘŜƴǘǎΩ ǎŜƴǎŜ ƻŦ ōŜƭƻƴƎƛƴƎ.  

¶ Cognitive engagement comes from an investment in learning and self-regulation, and 

being strategic when learning. 

 (Fredricks et al., 2004, pp. 62ς63). 

There have been a number of suggestions for further dimensions of engagement such as agentic 

ŀƴŘ ǎƻŎƛŀƭ ŜƴƎŀƎŜƳŜƴǘΦ !ƎŜƴǘƛŎ ŜƴƎŀƎŜƳŜƴǘ ƛǎ ŘŜǎŎǊƛōŜŘ ŀǎ ǎǘǳŘŜƴǘǎΩ ǇƻǎƛǘƛǾŜ ƛƴǇǳǘ ƛƴǘƻ how their 

instruction advances (Reeve & Tseng, 2011). Sinatra et al. (2015, p. 3) described agentic 

engagement as studentsΩ proactive involvement in their learning environment, whereas the other 

three engagement dimensions are reactions to the learning environment. The final dimension 

suggested, social engagement, takes into account the increasing role peer and collaborative 

learning have on education (Fredricks et al., 2016).  

In higher education, student engagement has been examined by a number of key authors, many of 

whom go beyond a definition in terms of dimensions and take a more holistic view that includes 

ŜƴƎŀƎŜƳŜƴǘΩǎ ŀƴǘŜŎŜŘŜƴǘǎ ŀƴŘ ƻǳǘŎƻƳŜǎ ό/ƻŀǘŜǎΣ нллрΤ YŀƘǳΣ нлмоΤ YǳƘΣ нллоΤ hΩ.ǊƛŜƴ ϧ ¢ƻƳǎΣ 

2010; Trowler, 2010; Zepke & Leach, 2010). The view that student engagement can be defined in 

terms of the interaction of influencing factors which produce a number of outcomes has gained a 
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consensus in the literature (M. Bond et al., 2020; Fredricks et al., 2004; Henrie, Halverson, et al., 

2015; Kahu, 2013; Trowler, 2010). Reflecting on the National Survey of Student Engagement (NSSE), 

implemented in universities and colleges in Canada and the USA, Kuh (2003, p. 25) defined 

engagement as: 

Ψthe time and energy students 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 activities.Ω  

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

the lack of a definition of student engagment with technology (Bedenlier et al., 2020; Henrie, 

Halverson, et al., 2015; Schindler et al., 2017; Yang et al., 2018). In their review of the literature on 

student engagement in online environments, Yang et al. (2018) found that only 16 of the 40 studies 

contained a definition of engagement: these mainly referred to the Fredricks et al. (2004) definition. 

Many of the studies that examine technology and engagement refer to the early work of hΩ.ǊƛŜƴ 

and Toms (2008) on analysing user engagement in the context of using a number of web 

applications. {ƛƳƛƭŀǊ ǘƻ ǘƘŜ ƘƻƭƛǎǘƛŎ ǾƛŜǿ ƻŦ ŜŘǳŎŀǘƛƻƴŀƭ ŜƴƎŀƎŜƳŜƴǘΣ hΩ.ǊƛŜƴ and Toms (2008) 

proposed that engagement is both a process and a product and that there are certain attributes of 

ŀ ǎȅǎǘŜƳ ǘƘŀǘ ƛƴŦƭǳŜƴŎŜ ŀ ǳǎŜǊΩǎ ŜƴƎŀgement with that system. This view is reflected in the definition 

of engagement, in the context of educational technology, given by Bond et al. (2020): 

Student engagement is the energy and effort that students employ within their learning community, 

observable via any number of behavioural, cognitive or affective indicators across a continuum. It is 

shaped by a range of structural and internal influences, including the complex interplay of 

relationships, learning activities and the learning environment (M. 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 into mathematical learning is also growing (Fabian et al., 2018; 

Lake & Nardi, 2014; Oates et al., 2014; Pierce et al., 2007; Steen-Utheim & 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 engagement (Trenholm et al., 2019). One of the early 

studies on engagement in a mathematicŀƭ ŎƭŀǎǎǊƻƻƳ ŘŜŦƛƴŜŘ ŜƴƎŀƎŜƳŜƴǘ ŀǎ Ψthe deliberate task-

specific thinking that a student undertakes while participating in a classroom activityΩ (Helme & 

Clarke, 2001, p. 136). In their study on the effect recorded video lectures had on student 

engagement, Trenholm et al (2019) used Skilling et alΩǎ (2016, as cited in Trenholm et al., 2019, p. 

6) ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŜƴƎŀƎƳŜƴǘΥ Ψthe extent to which students seek deep meaning and understanding as 
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well as the cognitive strategies students use to self-regulate their learningΩ. Pierce et al (2007) drew 

the three dimensions of engagement together to focus their attention on cognition while exploring 

early teenagersΩ engagement with a mathematical analysis tool. They examined how ΨǎǘǳŘŜƴǘǎ ŦŜŜƭ 

about the subject όΧŀũŜŎǘƛǾŜ ŜƴƎŀƎŜƳŜƴǘΣ !9ύ ŀƴŘ Ƙƻǿ ǘƘŜȅ ōŜƘŀǾŜ ƛƴ ƭŜŀǊƴƛƴƎ ǘƘŜ ǎǳōƧŜŎǘ όΧ 

ōŜƘŀǾƛƻǳǊŀƭ ŜƴƎŀƎŜƳŜƴǘΣ .9ύΩ within a cognitive realm (Pierce et al., 2007, p. 292).   

StudentsΩ views on what constitutes engagement have also being investigated (Hong-Meng Tai et 

al., 2019). Students mainly reported engagement in behavioural terms, though a few students 

referred to the cognitive aspects of engagement. A strong theme that emerged was the association 

of engagement with the importance of applying theory into practice: Ψ9ƴƎŀƎŜƳŜƴǘ ƛƴ ƭŜŀǊƴƛƴƎ ƛǎ 

when you can take the theory and apply it in practiceΩ (Hong-Meng Tai et al., 2019, p. 1080).  

Student engagement is important not least because it has been linked to academic success. 

Fredricks et al. (2004, pp. 70ς71) claim that all three dimensions of engagement have been shown 

to impact on student success. In an extensive review of published research on engagement, Trowler 

(2010) refers ǘƻ ŀ ƴǳƳōŜǊ ƻŦ ǎǘǳŘƛŜǎ ǘƘŀǘ ŦƻǳƴŘ ǘƘŀǘ ǎǘǳŘŜƴǘǎΩ ǘƛƳŜ ŀƴŘ ŜŦŦƻǊǘ (or behavioural 

engagement) impact on their learning; and that ΨƻōǎŜǊǾŜŘ ŜŦŦŜŎǘǎ ƻŦ ŜƴƎŀƎŜƳŜƴǘΩ include cognitive 

development, student satisfaction, and influence on student grade (Trowler, 2010, pp. 33ς35). 

Schindler et al. (2017) concluded that the use of technology can impact student engagement, and 

emphasised the importance of the effective use of technologies. Henderson et al. (2015) suggested 

that a focus on student engagement can help find which digital technologies work best for students. 

Student patterns of engagement can be used to examiƴŜ ƭŜŀǊƴƛƴƎ ǎǘǊŀǘŜƎƛŜǎ Ψthat can be used to 

ƛƴŦƻǊƳ ǘŜŀŎƘƛƴƎ ǇǊŀŎǘƛŎŜΣ ǎǳǇǇƻǊǘ ƛƴǘŜǊǾŜƴǘƛƻƴǎΣ ŀƴŘ ŎƻǳǊǎŜ ƭŜŀǊƴƛƴƎ ŘŜǎƛƎƴΩ (Mirriahi et al., 2018, 

p. 59). Bond et al. (2020, p. 21) highlighted the importance of situating individual studies in an 

overall framework of engagement in order to be able to ΨƛƴǘŜƎǊŀǘŜ ǊŜǎŜŀǊŎƘ ŦƛƴŘƛƴƎǎ ƛƴǘƻ ǇǊŀŎǘƛŎŜΩ.  

Within mathematics education research, there is also evidence to suggest that student engagement 

and the use of technology impacts on learning (Fredricks et al., 2016; Helme & Clarke, 2001; Sinatra 

et al., 2015; Trenholm et al., 2019). Studies on the use of specific technologies in mathematics 

education have highlighted benefits of student engagement with technologies such as mobile apps 

(Fabian et al., 2018); innovative digital tools i.e. GeoGebra and Desmos (Thomas et al., 2017); 

tablets and screencasts (Galligan et al., 2015); flipped classroom (Steen-Utheim & Foldnes, 2018) 

and online environments (Kanwal, 2020). In addition, engagement in mathematics and science has 

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

While there is a growing body of research available 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 student success. In the next section, student engagement measures used in research 

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

2.2.2 LRQ2.2: In what way(s) has student engagement with technology been 
measured? 

The complexity around establishing a definition of student engagement means that measuring 

engagement varies considerably from study to study (Sinatra et al., 2015; Whitton & Moseley, 

2014). According to Trowler (2010), 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 large-scale student surveys, whereas in the UK, research is rooted in small-

scale studies that examine the effects of particular tools, techniques and approaches used in 

teaching (Trowler, 2010, p. 3). These large-scale student surveys, such as the NSSE in the USA and 

Canada, are generally used to gauge a broad range of engagement indicators, consistent with the 

view on engagement held by many researchers: that the wider social and institutional interactions 

and experiences are important components of a holistic approach to engagement (M. Bond et al., 

2020; Hong-Meng 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 engagement antecedents, such as community culture and 

educational context (2004, p. 73), and outcomes of engagement, such as academic achievement 

(2004, p. 70).  

As Trowler (2010, p. 17) ǎŀƛŘΣ Ψstudies tend to measure that which is measurableΩΦ Within the context 

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

the learning environment that is often being measured (M. Bond et al., 2020). In order to 

understand what exactly is being measured, it is important to focus on how student engagement 

has been operationalised in research studies on engagement (Henrie, Halverson, et al., 2015). 

Henrie et al. (2015) and Schindler et al. (2017) analysed the literature they reviewed in terms of the 

behavioural, emotional and cognitive indicators of engagement as defined by Fredricks et al. (2004). 

Likewise, Bond and Bedenlier (2019, p. 3) drew up a table with engagement indicators for each of 

these dimensions in order to frame their model of student engagement with technology. Cognitive 

ŜƴƎŀƎƳŜƴǘ ƛƴŘƛŎŀǘƻǊǎ ƛƴŎƭǳŘŜ ŀǎǇŜŎǘǎ ƻŦ ǎǘǳŘŜƴǘǎΩ beliefs about, and attitudes to, learning; 

behavioural engagement indicators encompass measures such as time and effort students spend 

ƻƴ ƭŜŀǊƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎΤ ŀƴŘ Ŧƛƴŀƭƭȅ ŜƳƻǘƛƻƴŀƭ ƛƴŘƛŎŀǘƻǊǎ Ŏƻƴǎƛǎǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ǇŜǊŎŜǇǘƛƻƴǎ ƻŦ ǘƘŜƛǊ 

happiness in relation to their learning and the support they receive towards learning (Henrie, 

Halverson, et al., 2015, p. 41). Both Henrie et al. (2015) and Bond and Bedenlier (2019) found that 
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research studies focus mainly on behavioural aspects of engagement with only a few studies 

considering either affective (emotional) 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 observed (Fredricks & McCloskey, 2012; Henrie, 

Halverson, et al., 2015). Henrie et al. (2015) found that 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 scales identified in this Henrie et al. (2015) review. Scales that attempt to measure the broad 

concept of engagement were found as well as scales that measured a single dimension of 

engagement (Henrie, Halverson, et al., 2015, p. 45). One such scale that focusses on the emotional 

όƻǊ ŀŦŦŜŎǘƛǾŜύ ƛƳǇŀŎǘ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǎŜŎƻƴŘŀǊȅ ǎŎƘƻƻƭ ŎƘƛƭŘǊŜƴΩǎ ƳŀǘƘŜƳŀǘƛŎŀƭ 

learning is the Mathematics and Technology Attitude Scale (MTAS) developed by Pierce et al. 

(2007). Likert scales draw on such indicators as discussed in the previous paragraph to help frame 

the items in the questionnaires ό/ƻŀǘŜǎΣ нллрΤ CǊŜŘǊƛŎƪǎ Ŝǘ ŀƭΦΣ нлмсΤ hΩ.ǊƛŜƴ ϧ ¢ƻƳǎΣ нлмлΤ tƛŜǊŎŜ 

et al., 2007). For example, while investigating the use of innovative technologies in undergraduate 

mathematics, Thomas et al. (2017, p. 116) ǳǎŜŘ ŜƴƎŀƎŜƳŜƴǘ ǎǳōǎŎŀƭŜǎ ǘƘŀǘ ƳŜŀǎǳǊŜŘΥ Ψattitude to 

maths ability; confidence with technology; attitude to instrumental genesis of technology (learning 

how to use it); attitude to learning mathematics with technology; and attitude to versatile use of 

technologyΩ.  

Observational methods of estimating student engagement are also found in the literature and vary 

ŦǊƻƳ ƴƻǘŜǎ ǘŀƪŜƴ ōȅ ƻōǎŜǊǾŜǊǎΣ ǘƻ ƭƻƎ ŘŀǘŀΣ ǾƛŘŜƻ ŀƴŘ ǎŎǊŜŜƴ ǊŜŎƻǊŘƛƴƎǎ ƻŦ ǎǘǳŘŜƴǘǎΩ ǳǎŜ ƻŦ ǘƘŜ 

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; 

Yang et 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 questions; system features used; and time on 

task (Beatson et al., 2019; Beer et al., 2010; Cruz-Benito et al., 2015; Henrie, Halverson, et al., 2015; 

Oates et al., 2014; Trenholm et al., 2019; Yang et al., 2018). When using observational data, 

ŜƴƎŀƎŜƳŜƴǘ ƛǎ ƻŦǘŜƴ ƻǇŜǊŀǘƛƻƴŀƭƛǎŜŘ ƛƴ ǘŜǊƳǎ ƻŦ ǾŜǊōŀƭ ǳǘǘŜǊŀƴŎŜǎ ǎǳŎƘ ŀǎ ǇƘǊŀǎŜǎ ΨLΩƳ really into 

ǘƘƛǎΩ (Lake & Nardi, 2014, p. 50), or communication of thinking through questions and explanations 

(Helme & Clarke, 2001, p. 136). In 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 engagement as it is happening rather than using self-report 
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measures after the engagement has occurred (Henrie, Halverson, et al., 2015). Using computer-

generated logs also mitigates against the effects of other observational types of measures that may 

ƛƳǇŀŎǘ ƻƴ ǎǘǳŘŜƴǘǎΩ ŀŎǘǳŀƭ ŜƴƎŀƎŜƳŜƴǘ (Whitton & Moseley, 2014, p. 441). However, one 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 inferred (Schindler et al., 2017; Sinatra 

et al., 2015).  

Other measures of engagement identified by Henrie, Halverson et al. (2015, p. 44) include 

interviews, open-ended 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 other measures, such as rating scales and interviews (Al-Sakkaf 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 studŜƴǘǎΩ ǳǎŜ ƻŦ ƳƻōƛƭŜ ŀǇǇƭƛŎŀǘƛƻƴǎ ŦƻǊ ƳŀǘƘŜƳŀǘƛŎǎΣ 

Fabian et al. (2018) used pre- and post-tests, a 20-item usability scale, and interviews. Interview 

data can be useful for inductive analysis, where the nature of student engagement is not predefined 

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

Some of the studies used clearly defined theoretical frameworks to investigate student 

engagement, such as the use of flow theory when considering gaming in education (Al-Sakkaf et al., 

нлмфΤ .Ŝŀǘǎƻƴ Ŝǘ ŀƭΦΣ нлмфΤ hΩ.ǊƛŜƴ ϧ ¢ƻƳǎΣ нллуΣ нлмлΤ ²Ƙƛǘǘƻƴ ϧ aƻǎŜƭŜȅΣ нлмпΤ ¸ŀƴƎ Ŝǘ ŀƭΦΣ 

2018)Σ ŀƴŘ ƛƴǎǘǊǳƳŜƴǘŀƭ ƻǊŎƘŜǎǘǊŀǘƛƻƴ ǘƻ ŜȄŀƳƛƴŜ ǎǘǳŘŜƴǘǎΩ ŎƻƎƴƛǘƛǾŜ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘŜŎƘƴƻƭƻƎȅ 

in first-year undergraduate mathematics modules (Oates et al., 2014; Thomas et al., 2017). In 

secondary mathematics education, Attard and Holmes (2020) focussed on the pedagogical 

ǇǊŀŎǘƛŎŜǎ ƻŦ ǘŜŀŎƘŜǊǎ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜƛǊ ǊŜƭŀǘƛƻƴǎƘƛǇǎ ǿƛǘƘ ǎǘǳŘŜƴǘǎ ŀƴŘ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ ǘŜŀŎƘŜǊǎΩ 

repertory of technological tasks when defining a Framework for Engagement with Mathematics 

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

There are difficulties associated with measuring engagement, particularly with the lack of 

consistent definitions and indicators of engagement. Many educators use variables that are not 

necessarily true indictors of engagement, but perhaps influence engagement (Schindler et al., 2017, 

p. 5). In their paper on the challenges associated with measuring engagement in science, Sinatra et 

al. (2015, p. 7) highlighted the following challenges: ŎƻƴǎǘǊǳŎǘ ŘŜŬƴƛǘƛƻƴΣ ƎǊŀƛƴ ǎƛze of measurement, 

individual and developmental differences of students, problems with using a single method, the 

challenge of observing without disturbing the engagement, and problems pinpointing the source 

of engagementΦ ¢ƘŜȅ ŎƻƴŎƭǳŘŜ ǘƘŀǘ Ψresearchers sƘƻǳƭŘ ǘŀƪŜ ŎŀǊŜ ǘƻ ŜƴǎǳǊŜ ǘƘŀǘ ŎƻƴǎǘǊǳŎǘ ŘŜŬƴƛǘƛƻƴ 

drives their choice of measures rather than the selection of measurement determining how 

engagement is conceptualized in the researchΩ (Sinatra et al., 2015, p. 7).  
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Small-ǎŎŀƭŜ ƛƴǾŜǎǘƛƎŀǘƛƻƴǎ ƻƴ ǎǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘ ǘŜƴŘ ǘƻ ŜȄŀƳƛƴŜ ŦŀŎǘƻǊǎ ǎǳŎƘ ŀǎ ǎǘǳŘŜƴǘǎΩ ŀƴŘ 

ǘŜŀŎƘŜǊǎΩ ǊŀǘƛƴƎ ƻŦ ŀ ǇŀǊǘƛŎǳƭŀǊ ƛƴǘŜǊǾention being investigated (Trowler, 2010). To date, a number 

of factors of technology implementations that impact on this engagement have been found. These 

are discussed in the next section. 

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

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 recently refined in Kahu and 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 short- and long-term 

outcomes. This model is reproduced in Figure 2.2.1 below (Kahu & Nelson, 2018, p. 64). 

 

Figure 2.2.1: The refined conceptual framework of student engagement  

Copied from Kahu and Nelson (2018, p. 64). 

This so called triangle of engagement (influences, contexts and outcomes)  s often found in research 

on student engagement (Yang et 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 sector (M. 

Bond et al., 2020; Henrie, Halverson, et al., 2015; Kahu, 2013; Trowler, 2010). In order to determine 

the influences and outcomes of technology on student engagement, Bond and Bedenlier (2019) 

drew on the work of Kahu (2013) and others to adapt the Bronfenbrenner and Ceci bioecological 

model (as cited in M. Bond & Bedenlier, 2019, p. 4). In this model, factors affecting student 

engagement are considered at a number of levels: the macrosystem level contains factors such as 

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

ƻƴ ǘƘŜ ǳǎŜ ƻŦ ǘŜŎƘƴƻƭƻƎȅ ƛƴ ŜŘǳŎŀǘƛƻƴ ŀǊŜ ŎƻƴǎƛŘŜǊŜŘΤ ǘƘŜ ƛƳǇŀŎǘ ƻŦ ǎǘǳŘŜƴǘǎΩ ǎƻŎƛŀƭ ŀƴŘ ŜŎƻƴƻƳƛŎ 
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background on engagement are contained in the mesosystem level; and finally, the microsystem 

level contains the more immediate influencing factors such as teachers, peers and educational 

technologies (M. Bond & Bedenlier, 2019). Bond and Bedenlier (2019) identified a number of the 

micǊƻǎȅǎǘŜƳ ƭŜǾŜƭ ƛƴŦƭǳŜƴŎŜǎΣ ǎǳŎƘ ŀǎ ǘƘŜ ƛƴŘƛǾƛŘǳŀƭ ǎǘǳŘŜƴǘǎΩ ŀƴŘ ǘŜŀŎƘŜǊǎΩ ŀŎŎŜǇǘŀƴŎŜ ƻŦΣ ŀƴŘ 

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

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

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 by Bond and Bedenlier (2019) have already been identified 

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

education (Cruz-Benito et al., 2015; Hong-Meng Tai et al., 2019; C. Lai et ŀƭΦΣ нлмнΤ hΩCƭŀƘŜǊǘȅ ϧ 

Phillips, 2015; Schindler et al., 2017; Yang et al., 2018) and in mathematics education (Anastasakis 

et al., 2017b; Coupland et al., 2016; Fabian et al., 2018; Kanwal, 2020; Steen-Utheim & Foldnes, 

2018; Thomas et al., 2017; Trenholm et al., 2019). Table 2.2.1 outlines the factors that impact on 

student engagement as found in studies that are relevant to this PhD, i.e., undergraduate 

mathematics.  

Table 2.2.1: Factors that influence engagement with educational technology in mathematics  

Study Engagement 
Dimension and 

indicator 
measured 

Pedagogical Use of 
technology 

Factor and/or impact 

Trenholm et al. (2019) Cognitive 

engagement: 

Scale to measure 

approach to 

learning (R-SPQ-2F) 

Optional use of live 

versus recorded 

lectures. 

Students used videos because 

of the self-paced nature of 

their availability. Students with 

a high use of the videos were 

more inclined to take a surface 

approach to learning than 

others. 

Steen-Utheim and 

Foldnes (2018) 

Affective 

Engagement: 

YŀƘǳΩǎ (2013) 

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. 
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Kanwal (2020) Behaviour 

engagement: 

Activity Theory 

An automated system 

to support the solving 

of mathematical tasks, 

variety of technology 

resources including, 

GeoGebra, 

MyMathlab, YouTube 

and online calculators.  

Exam preparation encouraged 

engagement. Using powerful 

automated calculators diverted 

students from engagement 

with the required 

mathematical operations. 

Thomas et al. (2017) Cognitive 

Engagement: 

Instrumental 

orchestration 

Variety of innovative 

technologies and tasks 

including Desmos, 

GeoGebra, KakooTalk. 

Engagement was ensured 

through the sustained 

intensive use of the 

technologies; teacher 

privileging of the technology; 

ease of use; the ability to 

visualise mathematics; and 

integration in assessment. 

Anastasakis et al. 

(2017b)  

Behaviour 

engagement: 

Activity Theory 

Self-selected 

resources (both digital 

and non-digital) 

second year 

engineering 

mathematics. 

A high mark in their exams was 

student goal for selecting and 

engaging in a resource.  

 

The nature of self-paced learning, a focus on assessment, and ǘŜŀŎƘŜǊǎΩ ǳǎŜ ƻŦ ǘƘŜ ǘŜŎƘƴƻƭƻƎƛŜǎ ŀǊŜ 

identified as factors that contribute towards student engagement. This view is somewhat 

consistent with the general mathematics education literature (Coupland 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). 

Helme and Clarke (2001) ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ ŦƻƭƭƻǿƛƴƎ ƛƴŦƭǳŜƴŎƛƴƎ ŦŀŎǘƻǊǎ ƻƴ ǇǊƛƳŀǊȅ ǎŎƘƻƻƭ ǎǘǳŘŜƴǘǎΩ 

cognitive engagement: the classroom environment, the individual, and the mathematical tasks. 

In addition, Table 2.2.1 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 student engagement with technology within higher 

education mathematics have been identified, many of these are outcomes from small-scale studies 

that do not apply an overarching model of student engagement. In order to effectively use 

technology to support student engagement with mathematics in higher education, research studies 

need to be examined under a clearly-defined lens of student engagement (M. Bond & Bedenlier, 

2019). 

2.2.4 Discussion on student engagement 

The importance of student engagement in 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 definition of 

engagement, the literature tends to focus on the three dimensions of engagement as defined by 

Fredricks et al. (2004): cognitive, behavioural and emotional. While Bond et al. (2020) 

acknowledged that definitions may by necessity vary from one project to the next, they highlighted 

the importance of providing a definition. Within the body of literature on student engagement with 

technology, a variety 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 engagement (M. Bond & Bedenlier, 2019; Fredricks et 

al., 2004; Henrie, Halverson, et al., 2015), there is often a lack of a clear connection between the 

measures being used in the studies and engagement indicators (Schindler et al., 2017; Sinatra et 

al., 2015). Additionally, studies often focus on only one of the three engagement dimensions: 

cognitive, behavioural or emotional engagement. It 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, as ǎǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘ ƛǎ ΨƳŀƭƭŜŀōƭŜΩ ŀƴŘ ǘƘǳǎ ǘŀǊƎŜǘŜŘ ΨƛƴǘŜǊǾŜƴǘƛƻƴǎΩ Ŏŀƴ 

be used to increase engagement and hence learning (Fredricks et al., 2016, p. 5). By judiciously 

using technologies, lecturers can exercise some control over their studentsΩ engagement (Steen-

Utheim & Foldnes, 2018).  

While factors that encourage student engagement have been identified through the use of models 

(Kahu & Nelson, 2018; Yang et al., 2018), those factors that influence engagement with technology 

are less evident (M. Bond & Bedenlier, 2019). To address this issue, Bond and Bedenlier (2019) 

defined a model that proposed the influencing factors of technology on student engagement. 

However, within mathematics education research, a limited number of small-scale studies were 

found that specifically investigated the intersection of engagement and technology: only five 

studies merited inclusion in Table 2.2.1. These studies identified factors that impact on 
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engagement, such as the affordances of the technology, the pedagogy associated with the use of 

ǘƘŜ ǘƻƻƭΣ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘΩǎ Ǝƻŀƭ ƛƴ ǳǎƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΦ  

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 education yielded few studies. As 

indicated by Trowler (2010), 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 the use of technology in higher 

education mathematics, particularly first-year undergraduate non-specialist mathematics is 

undertaken. 

2.3 Technology in education and in mathematics in 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 higher education (Conole & Alevizou, 2010; 

Englund et al., 2017; Henderson et al., 2015; L. Price & Kirkwood, 2011; Selwyn, 2011) and in 

mathematics education (Bray & Tangney, 2017; Buteau et al., 2010; Coupland et al., 2016; Oates, 

2016;. Thomas et al., 2017). There are many who argue that the benefits of technology as a teaching 

and learning resource within higher education have not been fully investigated or exploited (Conole 

et al., 2008; Conole & Alevizou, 2010; Henderson et al., 2015; Oliver, 2011; Selwyn, 2012b). While 

evidence exists that technology enhances student learning (Henderson et al., 2015), and there is 

ŎƻƴǎƛŘŜǊŀōƭŜ ǊŜǎŜŀǊŎƘ ƻƴ ǎǘǳŘŜƴǘǎΩ ŜȄǇŜǊƛŜƴŎŜǎ ƻŦ ǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ (Conole & Alevizou, 2010), it is 

not clear how technology should be implemented to achieve maximum benefit (Conole et al., 2008; 

Conole & Alevizou, 2010; Henderson et al., 2015). As mentioned previously, the effectiveness of 

using technology in both higher education and in mathematics education is under question (Bray & 

Tangney, 2017; Drijvers, 2019; Jarvis et al., 2018; Selwyn, 2010). A recent OECD report (2015) 

identified that an increase in the use of computers in mathematics in schools correlated negatively 

with student performance in mathematics. While this has been echoed in other studies (Coupland 

et al., 2016; Drijvers, 2018; Geiger et al., 2016), there are counterclaims. Research reported by 

Ronau et al. (2014) claimed that the use of digital calculators and computer software does improve 

student understanding (Drijvers, 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 

ƻƴ ΨƳŀǘƘŜƳŀǘƛŎǎ ŜŘǳŎŀǘƛƻƴŀƭ ǘŜŎƘƴƻƭƻƎȅΩ ƻǊ ΨƳŀǘƘŜƳŀǘƛŎǎ ǘŜŎƘƴƻƭƻƎȅ ǘƻƻƭǎΩΣ ΨŜǾŀƭǳŀǘƛƻƴǎΩ ŀƴŘ 
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ΨƛƴǾŜǎǘƛƎŀǘƛƻƴǎΩΣ ŀƴŘ ΨǳƴŘŜǊƎǊŀŘǳŀǘŜΩ ƻǊ ΨƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴΩΦ ²ƘƛƭŜ ǘƘŜǊŜ ƛǎ ŀ ǎƛƎƴƛŦƛŎŀƴǘ ōƻŘȅ ƻŦ 

research available on the use of technology in school mathematics, there is a lack of such studies 

focussing on mathematics in higher education (Buteau et al., 2010; Lavicza, 2010). Thus, 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 aims of this research is to establish 

the factors that influence successful integration of technology-enhanced resources. To address this 

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

¶ LRQ2.4: What is meant by technology-enhanced resources in undergraduate mathematics 

education? 

¶ LRQ2.5: What are the benefits of using technology-enhanced resources in first-year 

undergraduate mathematics modules? 

¶ LRQ2.6: What factors of the technology-enhanced resource implementations impacted on 

the associated benefits? 

These questions are discussed in the following three subsections. 

2.3.1 LRQ2.4: What is meant by technology-enhanced resources in undergraduate 
mathematics education? 

The terms technology-enhanced resources and technology-enhanced learning are ill-defined in the 

literature. King et al. (2014) 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 relating to the use of technology for teaching and learning, 

Kirkwood and Price (2014) ŜȄŀƳƛƴŜŘ ǘƘŜ ǘȅǇŜǎ ƻŦ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ǿŜǊŜ ŎƻƴǎƛŘŜǊŜŘ ΨŜƴƘŀƴŎŜŘΩΦ ¢ƘŜȅ 

found that technology was used in three ways: to mirror existing teaching, to add to current 

teaching practice, and to alter the student learning experience and/or teaching practices (Kirkwood 

& Price, 2014, p. 11). These findings are similar to the benefits of technology-enhanced learning as 

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

and transformation (HEFCE, 2009). In Ireland, the National Forum for the Enhancement of Teaching 

and Learning in Higher Education όbCύ ŎƻƴŘǳŎǘŜŘ ŀ ǎǳǊǾŜȅ ƻŦ ƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴ ǘŜŀŎƘŜǊǎΩ ǳǎŜ ƻŦ 

technology to support their teaching activities (NF, 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 not been leveraged 

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

is to promote efficiencies (Bayne, 2014; Conole & Alevizou, 2010; Dimitriadis & Goodyear, 2013; 
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Selwyn, 2010).These educational researchers 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 better. One way to support the effective pedagogical use of technology 

is to put an emphasis on the instructional design processes when integrating technology resources 

(Conole, 2013; Goodyear, 2015; Laurillard, 2012). Such instructional design principles incorporate 

many aspects of teaching and learning including the need to identify and the associated pedagogical 

practices to support students in achieving these objectives (M. Allen & Sites, 2012; Branch & 

Kopcha, 2014; Dousay, 2017, Goodyear, 2015). 

 
²ƘƛƭŜ ǘƘŜ ǳǎŜ ƻŦ ǘƘŜ ǘŜǊƳ άǘŜŎƘƴƻƭƻƎȅ-enhanced resourŎŜέ ƛǎ ŀƭǎƻ ƛƭƭ-defined in mathematics 

education research literature, there has been considerable research on how technology resources 

influence learning in mathematics education (Drijvers, 2015; Monaghan et al., 2016; Trenholm et 

al., 2015; Trgalová et al., 2018). In mathematics educational research, a resource is defined as a tool 

that helps bring about mathematical understanding, as it allows interaction between mathematical 

objects and human thinking (Trgalová et al., 2018, p. 2). This concept of a resource as a tool, often 

called instruments or artefacts, has long been discussed in the context of educational theories such 

as those put forward by Vygotsky and Leontiev (Anastasakis et al., 2017b; Kurz et al., 2005). The 

resultant work has been used in mathematics education research to develop theories on how these 

tools mediate learning, and thus enhance student understanding of mathematical concepts and 

enable new ways of working with and understanding mathematics (Jupri et al., 2016; Kurz et al., 

2005; Monaghan et al., 2016; Ratnayake et al., 2016; Trgalová 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 technology (Anastasakis et al., 2017b; Loch et al., 2012; 

Robinson et al., 2015; Trenholm et al., 2015, 2019; Triantafyllou et al., 2015). Finally, student 

satisfaction with using technology has been considered in terms of the use of technology to 

enhance the learning environment (S. O. King & Robinson, 2009b; J. Lee, 2014; Trenholm et al., 

2012; Triantafyllou et al., 2015). Within the literature on the use of technology in mathematics 

education, technology-enhanced resources 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 benefits of using technology in first-year undergraduate 

mathematics, as found in the literature, are examined. 
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2.3.2 LRQ2.5: What are the benefits of using technology-enhanced resources in 
first-year undergraduate mathematics modules? 

The use of technology in mathematics education has been identified as a solution to some of the 

ǇǊƻōƭŜƳǎ ŀǎǎƻŎƛŀǘŜŘ ǿƛǘƘ ǎǘǳŘŜƴǘǎΩ ƭŜǾŜƭǎ ƻŦ ƳŀǘƘŜƳŀǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ (Bray & Tangney, 2017). 

The computational power, multiple visual respresentations and diverse ways for students to engage 

with mathematics have been cited as reasons for an increase in technology use (Bray & Tangney, 

2017, p. 256). Educational researchers contend that the affordances of technology, defined as the 

prescribed, intended, or designed-for use, and possible use (Gibson, 1977; D. A. Norman, n.d.), need 

to be exploited for successful technology integration in education (Conole & Dyke, 2004; Oliver, 

2013)Φ IƻǿŜǾŜǊΣ ŜŘǳŎŀǘƻǊǎ ŀǊƎǳŜ ǘƘŀǘ ǘƘŜ ǘŜǊƳ άŀŦŦƻǊŘŀƴŎŜέ ǎƘƻǳƭŘ ōŜ ǳǎŜŘ ǿƛǘƘ ŎŀǳǘƛƻƴΣ ŀǎ ƛǘ 

suggests that technology shapes learning without giving due respect to existing teaching and 

learning practices (Oliver, 2013; Selwyn, 2012b). According to Conole and Dyke (2004), technology 

affordances should include the prescribed, creative, and unintended, educational activities 

facilitated by technology. In the context of this thesis, technology affordances are taken to be the 

context-based 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 affordances (Ball et al., 2018; Borwein, 2005; Drijvers, 2016; Kanwal, 2020; Monaghan et al., 

2016; Oates, 2010). There are two distinct affordances that technology can bring to mathematical 

tasks: ΨǇǊŀƎƳŀǘƛŎ ŀƴŘ ŜǇƛǎǘŜƳƛŎΩ (Artigue, 2002, p. 249). Technology brings pragmatic efficiencies 

by increasing the speed and accuracy of computations and epistemic value when they help advance 

studentsΩ understanding of mathematical concepts (Artigue, 2002, p. 248). These 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 researcheǊǎ ƘŀǾŜ ƛŘŜƴǘƛŦƛŜŘ ōŜƴŜŦƛǘǎ ǘƘŀǘ ŜƴƘŀƴŎŜ ǎǘǳŘŜƴǘǎΩ 

mathematical learning, that do not necessarily fall under a pragmatic or an epistemic category, such 

as enhancing the student learning experience (Galligan et al., 2015; S. O. King & Robinson, 2009b; 

Trenholm et al., 2012). Table 2.3.1 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 research studies. The studies included in Table 2.3.1 were selected based 

on their relevance to the context of this research thesis. Three of the studies are literature reviews; 

two situated in higher education mathematics (Geiger et al., 2016; Trenholm et al., 2012); and one 

in general mathematics education (Rakes et al., 2010). The technology under investigation and the 

context is also given in the table. Some studies examined multiple benefits. 



 

 28  
 

Table 2.3.1: Benefits of using technology in higher education 

Cat. Benefits Studies  Technology Used Context 

P
ra

g
m

a
tic 

Calculations 

and graphing 

Jarvis et al. (2018) Sage Higher Ed. maths 

Varavsky (2012, as cited 

in Geiger et al., 2016)  

Computer 

Algebra System 

(CAS) 

1st Year undergrad maths 

Thomas et al. (2017) Multiple 

technologies 

1st Year undergrad maths 

E
p

is
te

m
ic 

Problem 

Solving 

Loch et al. (2014) Screencast 1st Year undergrad maths 

¢ŀƪŀőƛ Ŝǘ ŀƭΦ (2015) Computer 

supported 

collaborative 

learning (CSCL) 

1st Year undergrad maths 

Mathematica

l 

Understandi

ng 

Galligan et al. (2015)  Tablets 1st Year undergrad maths 

¢ŀƪŀőƛ Ŝǘ ŀƭΦ (2015) CSCL 1st Year undergrad maths 

Triantafyllou et al. 

(2015) 

Multiple 

technologies 

1st Year undergrad maths 

Aventi (2014, as cited in 

Geiger et al., 2016) 

GeoGebra Year 9 maths 

(Australasia) 

Thomas et al. (2017) Multiple 

technologies 

1st Year undergrad maths 

Buteau et al. (2010) CAS Higher Ed. maths 

Rote 

Learning 

(negative) 

Trenholm et al. (2012) e-lectures Higher Ed. maths 

Visualisation Jarvis et al. (2018) Sage Higher Ed. maths 

Lavicza (2010) CAS Higher Ed. maths 

¢ŀƪŀőƛ Ŝǘ ŀƭΦ (2015) GeoGebra 1st Year undergrad maths 

Jaworski and Matthews 

(2011) 

GeoGebra 1st Year undergrad maths 

Thomas et al. (2017) Multiple 

technologies 

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

Feedback Trenholm et al. 

(Trenholm et al., 2015) 

Fully 

Asynchronous 

Online (FAO)  

Higher Ed. maths 

King and Robinson 

(2009b) 

Audience 

Response 

Systems (ARS) 

Higher Ed. maths 

J. Lee (2014) Online quizzes Higher Ed. maths 

Real World 

Problems 

Jarvis et al. (2018) Sage Higher Ed. maths 

Lavicza (2010) CAS Higher Ed. maths 

Conceptual 

Understandi

ng 

Rakes et al. (2010) Various strategies 

that included 

technology 

Mathematics Education 

Procedural 

Understandi

ng 

Rakes et al. (2010) Various strategies 

that included 

technology 

Mathematics Education 

O
th

e
r 

Engagement 

(motivation) 

Loch et al. (2014) Screencasts 1st Year undergrad maths 

Galligan et al. (2015) Tablets 1st Year undergrad maths 

King and Robinson 

(2009b) 

ARS 2nd year engineering maths 

Thomas et al. (2017) Multiple 

technologies 

1st Year undergrad maths 

Buteau et al. (2010) CAS technologies Higher Ed. maths 

Self-

regulated 

learning, 

self-paced 

and self-

directed 

learning 

Loch et al. (2014) Screencast  1st Year undergrad maths 

Trenholm et al. (2012) Recorded Video 

lectures 

Higher Ed. maths 

Jarvis et al. (2018) Sage Higher Ed. maths 

Triantafyllou et al. 

(2015)  

Khan Academy 

and other online 

resources 

1st Year undergrad maths 

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 

environment 

1st Year undergrad maths 

Satisfaction  Trenholm et al. (2012) Recorded Video 

lectures 

Higher Ed. maths 

King and Robinson 

(2009b) 

ARS 2nd year engineering maths 

Triantafyllou et al. 

(2015) 

Khan Academy 

and other online 

resources 

1st Year undergrad maths 

J. Lee (2014) online learning 

technologies  

Graduate students 

Classroom 

Management 

S.O. King and Robinson 

(2009b) 

ARS 2nd year engineering maths 

Assessment  Oates (2010) CAS Higher Ed. maths 

Approaches 

to learning 

Trenholm et al. (2019) Recorded video 

lectures 

1st Year undergrad maths 

Howard et al. (2018) Recorded video 

lectures 

1st Year undergrad maths 

 

Table 2.3.1 lists the benefits associated with using technology; however, many studies also reported 

negative aspects to technology integration. While the use of screencasts and e-lectures 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 grades (Trenholm et al., 2012, 2019). The use of 

computer-generated 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 feedback (J. 

Lee, 2014; Trenholm et al., 2015). Mathematical discourse is important for students when 

developing understanding in mathematics and has been found difficult to achieve in online learning 

environments (J. Lee, 2014; Trenholm et al., 2012). Finally, Jaworski & Matthews (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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2.3.3 LRQ2.6: What factors of the technology-enhanced resource implementations 
impacted on the associated 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 integration. Thomas 

et al. (2017) attributed the positive impacǘ ƻƴ ǎǘǳŘŜƴǘǎΩ ƳŀǘƘŜƳŀǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ ŀƴŘ ǘƘŜƛǊ 

attitude to, and satisfaction with, the use of technology, to the significant pedagogical changes 

implemented as part of the study. These pedagogical changes included: teachers designed relevant 

digital tasks; tools were privileged by the teachers; students were allowed to self-select tools; 

technology afforded communication between teachers and students; and the use of the digital 

tools was explicitly linked to the continuous assessment of the modules (Thomas et al., 2017). 

ά¢ŜŀŎƘŜǊ ǇǊƛǾƛƭŜƎƛƴƎέ ƛǎ ŀ ǘŜǊƳ ǳǎŜŘ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ǳǎŜ ŀƴŘ ǇǊƻƳƻǘƛƻƴ ƻŦ ǘƘŜ ǘƻƻƭΣ ǿƛǘƘƛƴ 

a class setting, to guide and develoǇ ǎǘǳŘŜƴǘǎΩ ǎǳŎŎŜǎǎŦǳƭ ǳǎŜ ƻŦ ǘƘŜ ǘƻƻƭ (Thomas et al., 2017). Other 

studies, such as Jaworski & Matthews (2011) and ¢ŀƪŀőƛ Ŝǘ ŀƭΦ (2015), were clearly 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 the Thomas et al. (2017) and Takaci (2015) studies.  

Other factors of success were focused on the technology affordances. For example, technologies 

like CAS can aid in the visualisation of mathematics, allow multiple representations of concepts and 

facilitate the automated completion of tasks ό.ǳǘŜŀǳ Ŝǘ ŀƭΦΣ нлмлΤ ¢ŀƪŀőƛ Ŝǘ ŀƭΦΣ нлмрΤ ¢ƘƻƳŀǎ Ŝǘ ŀƭΦΣ 

2017). In addition, online quizzes, and other technological tools, have the ability to give immediate 

feedback (J. Lee, 2014). 

Students reported technical, usability and access issues that prevented them using certain 

technologies (Galligan et al., 2015; Lavicza, 2010; J. Lee, 2014; Oates, 2010). For example, ease of 

use was a factor that contributed to students selecting Desmos technology over GeoGebra in the 

Thomas et al. (Thomas et al., 2017) study. While students often rated technology tools as novel, 

fun, or convenient, it was not always evident that these ratings influenced greater attendance, 

engagement or grades (Howard et 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 

ǎǳŎŎŜǎǎŦǳƭ /!{ ƛƴǘŜƎǊŀǘƛƻƴΦ Lƴ ŀŘŘƛǘƛƻƴΣ ǎǘǳŘŜƴǘǎΩ ŜŘǳŎŀǘƛƻƴŀƭ ōŀŎƪƎǊƻǳƴŘ ƛƳǇŀŎǘŜŘ ƻƴ ǘƘŜƛǊ 

successful use of CAS (Varavsky, 2012, as cited in Geiger et al., 2016, p. 17). While located in 

ǎŜŎƻƴŘŀǊȅ ŜŘǳŎŀǘƛƻƴΣ 5ǊƛƧǾŜǊǎΩǎ (2015) study that examined the factors that supported success is 
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pertinent. He found three such factors: design of the digital technology and the associated tasks 

and activities; the role of the teacher in synthesising the technology related and other mathematics 

learning activities; and the educational context.  

2.3.4 Discussion from the literature on technology-enhanced resource use in 
mathematics education 

There is appreciabƭŜ ŘƛǎŎǳǎǎƛƻƴ ƛƴ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜ ƻƴ ǿƘŀǘ ŎƻƴǎǘƛǘǳǘŜǎ άŜƴƘŀƴŎŜŘέ ƛƴ ǘŜǊƳǎ ƻŦ ǘƘŜ ǳǎŜ 

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). It is 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, 2013). These pedagogical 

benefits can be built into the technology resource integration through the use of effective 

instructional design processes (M. Allen & Sites, 2012; Branch & Kopcha, 2014; Dousay, 2017, 

Goodyear, 2015). In mathematics education, technology as a tool to mediate learning has been 

examined in some detail (Drijvers, 2015; Monaghan et al., 2016; Trenholm et al., 2015; Trgalová et 

al., 2018). There are a limited number of studies that consider enhancement in terms of student 

satisfaction and self-regulated learning (Anastasakis et al., 2017b; S. O. King & Robinson, 2009b; 

Loch et al., 2012; Trenholm et al., 2019; Triantafyllou et al., 2015). Benefits of using technology that 

were identified in the literature included: the epistemic benefits associated with mathematical 

understanding (Jarvis et al., 2018; Thomas et al., 2017), the pragmatic advantages of outsourcing 

computational activities ό[ŀǾƛŎȊŀΣ нлмлΤ ¢ŀƪŀőƛ Ŝǘ ŀƭΦΣ нлмрΤ ¢ǊƛŀƴǘŀŦȅƭƭƻǳ Ŝǘ ŀƭΦΣ нлмрύ and other 

student-centred benefits such as self-regulated learning (Howard et al., 2018; Loch et al., 2014; 

Trenholm et al., 2019). While a number of factors such as the pedagogical changes implemented 

(Thomas et al., 2017) and the affordances of the technology ό.ǳǘŜŀǳ Ŝǘ ŀƭΦΣ нлмлΤ ¢ŀƪŀőƛ Ŝǘ ŀƭΦΣ нлмрύ 

were found to contribute to successful technology integrations, technical challenges and usability 

issues were identified as barriers (Oates, 2010;Thomas et al., 2017). In addition, some of the 

approaches to learning adopted by students as a result of technology integration do not appear to 

foster deep learning (Kanwal, 2020; Trenholm et al., 2019).  

It is interesting to note that a number of these 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., 2015). However, 

it is not always clear whether the technology affordances or the change in pedagogical practices 

contributed to these benefits (Drijvers, 2018). Perhaps, as Trowler (2010) suggests, there is a need 
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to establish if some of the indicators of 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 outcomes (M. Bond & 

Bedenlier, 2019; Fredricks et al., 2004), though the intersection of technology and student 

engagement has not been adequately investigated (M. Bond & Bedenlier, 2019; Henrie, Halverson, 

et al., 2015). Evidence exists of the benefits of using technology in small-scale studies (see Table 

2.3.1). However, the use of technology at scale in first-year undergraduate mathematics remains 

problematic, in part due to the lack of studies that have demonstrated the benefits technology can 

bring to this particular student cohort (Thomas et al., 2017). While factors that contribute to the 

benefits of using technology have been 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 the intersection 

of student engagement and technology is under-researched (M. Bond & Bedenlier, 2019; Henrie, 

Halverson, et al., 2015). Added to this is the fact that studies use a variety of methodologies and 

frameworks to evaluate the integration of technology in education (Drijvers, 2018, 2015; M. King 

et al., 2014). Furthermore, Coupland et al. (2016) have called for more empirical evidence on the 

ōŜƴŜŦƛǘǎ ƻŦ ǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅΣ ŀǎ ƳǳŎƘ ƻŦ ǘƘŜ ŎǳǊǊŜƴǘ ƭƛǘŜǊŀǘǳǊŜ ŦƻŎǳǎǎŜǎ ƻƴ ǎǘǳŘŜƴǘǎΩ ŀƴŘ ƭŜŎǘǳǊŜǊǎΩ 

views. They recognise that it is essential to investigate the affordances of technology in terms of 

student learning, retention and transfer of knowledge, rather than just descriptions and evaluations 

(Coupland et al., 2016). M. King et al. (2014) have pointed to the need for frameworks of evaluation 

that can be used to consistently and comparatively examine how technologies 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 establish this, 

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 currently used 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 

ΨŦǊŀƳŜǿƻǊƪǎΩΣ ΨƳƻŘŜƭǎΩΣ ΨŎŀǘŜƎƻǊƛǎŀǘƛƻƴǎΩΣ ΨŎƘŀǊŀŎǘŜǊƛǎŀǘƛƻƴǎΩΣ ΨǘȅǇƻƭƻƎƛŜǎΩ ŀƴŘ ΨŎƭŀǎǎƛŦƛŎŀǘƛƻƴǎΦΩ Lƴ 

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 captured (Littell & Corcoran, 2010). This body of literature and those 

listed in Table 2.3.1 were examined to address the research objective of investigating how the 

effectiveness of resources has been evaluated. The following three research questions were 

formulated and discussed in the three subsections below. 

¶ LRQ2.7: How have the uses of technology-enhanced resources been measured? 

¶ LRQ2.8: What models or frameworks are available to classify and evaluate technology-

enhanced resource implementations? 

¶ LRQ2.9: What features of technology integrations are described/classified within these 

models and frameworks? 

2.4.1 LRQ2.7: How have the uses of technology-enhanced resources been 
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 similar 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 measured. In this section studies that focus on the use of technology 

within undergraduate mathematics are investigated to establish what indicators of engagement, if 

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 from study to study. For example, Galligan et al. (2015) 

completed an exploratory study of the integration of technology in first-year undergraduate 

mathematics, with little detail on how the data was examined and analysed. On the other hand, 

Jarvis et al. (2018) used a case study 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.  

Table 2.4.1: Measures taken in the studies 

Measure Study 

Student and/or teacher views of 

resources through use of surveys, scales 

or questionnaires 

Jaworski and Matthews (2011), King and Robinson 

(2009), J. Lee (2014), Lavicza (2010), Loch et al. 

(2012), Oates (2010), Thiel et al. (2008), Thomas et 
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al. (2017), Trenholm et al. (2015,2019), Triantafyllou 

et al. (2015), Howard et al. (2018). 

Test, exam or quiz results for improved 

ǎǘǳŘŜƴǘǎΩ ƳŀǘƘŜƳŀǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎ  

Jaworski and Matthews (2011), King and Robinson 

(2009), Loch et al. (2012), ¢ŀƪŀőƛ Ŝǘ ŀƭ. (2015), 

Howard et al. (2018).  

Recorded usage of resources Loch et al. (2012), Trenholm et al. (2019), Howard et 

al. (2018).   

Attendance data King and Robinson (2009), Howard et al. (2018).  

Course artefacts and/or curriculum 

materials 

Jarvis et al. (2018), Lavicza (2010), Thomas 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), King and Robinson (2009). 

Class observations Jaworski and Matthews (2011), King and Robinson 

(2009), Lavicza (2010), Thomas et al. (2017). 

Task analysis ¢ŀƪŀőƛ Ŝǘ ŀƭΦ όнлмрύΣ ¢ƘƻƳŀǎ Ŝǘ ŀƭΦ όнлмтύΦ 

Scale to measure approach to learning 

(scale used is R-SPQ-2F) 

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) used proven scales within their surveys, the 

development of the questions used in surveys was not always evident (Jaworski & Matthews, 2011; 

Lavicza, 2010; Triantafyllou et al., 2015), though in some cases, there was a clear link to the 

literature reviewed (S. O. King & Robinson, 2009b; J. Lee, 2014; Loch et al., 2014). When class 

observations were used, it was not necessarily clear how the data was interpreted in terms of 

success or otherwise (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 recorded 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 al. (2019) study was that it was used to consider approaches to learning 

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

ǎǘǳŘȅ ǿŀǎ ǳǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ ǎǘǳŘŜƴǘǎΩ ǇŜǊŎŜƛǾŜŘ ǾŀƭǳŜ ƻŦ ǎŜƭŦ-regulated learning (or affective 
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engagement). Class observations and student interviews may be analysed for indicators of 

engagement. For example, the S.O. King and Robinson (2009b) study recorded students 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 connection between 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 

scaling of 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. 

Table 2.4.2. Theoretical Frameworks used in the studies 

Theory Study 

Community of Inquiry (CoI) and documental 

genesis   

Jaworski and Matthews (2011) 

Computer Supported Collaborative Learning 

(CSCL)  

¢ŀƪŀőƛ Ŝǘ ŀƭΦ (2015) 

Laurillard conversational framework  S.O. King and Robinson (2009b) 

Conceptual model of affective and cognitive 

effects of human and design factors 

Piccoli, et al. (2001, as cited in J. Lee, 2014) 

Instrumental orchestration Thomas et al. (2017) 

Taxonomy for integrated technology  

όŀǳǘƘƻǊΩǎ ƻǿƴ ǾŜǊǎƛƻƴ ŦǊƻƳ tƘ5 ǘƘŜǎƛǎύ 

Oates (2010) 

 

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 in different contexts (Drijvers, 

2015). One way to overcome this is to have frameworks of evaluation that can be used to compare 

and contrast technology evaluations. 
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2.4.2 LRQ2.8: What models or frameworks are available to classify and evaluate 
technology-enhanced resource implementations? 

There are a number of issues with the evaluation of technology-enhanced resources within higher 

education. Amongst these are: the difficulties associated with evaluating this rapidly changing 

environment, the institutional requirement for cost-effective teaching enhancements, and the lack 

of appropriate evaluation models or frameworks (Brown et al., 2014; M. King et al., 2014). The 

importance of frameworks suited for evaluation have been identified by a number of researchers 

in the field of higher education (Dimitriadis & Goodyear, 2013; M. King et al., 2014; J. Lai & Bower, 

2019; Oliver, 2013; Selwyn, 2012b) and in mathematics education (Drijvers, 2015; Geiger et al., 

2016). There are a number of elements 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 technology (Drijvers, 2018). Secondly, there needs to be 

a focus on the types of constructs being measured (J. Lai & Bower, 2019). Thirdly, 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, 2019). Finally, the affordances of the technology being used need to 

be made explicit (Ball et al., 2018; Drijvers, 2016; Kanwal, 2020; Monaghan et al., 2016; Oates, 

2010). The essential outcome of any evaluation is to establish and explain what technology works 

under Ψwhich conditions, for whom and whyΩ (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 referred 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:  

¶ Technology integration - these frameworks refer to how technology is integrated into 

teaching and learning. 

¶ Theoretical frameworks ς these are used to examine how learning occurs using 

technology. 

¶ Technology affordances and types ς these frameworks categorise different technologies 

according to functionality or affordances the technology supports.  

¶ User experience frameworks ς these refer to how technology is examined from the user, 

or student in this case, perspective. 

A list of the frameworks examined are contained in Table 2.4.3, along with a brief description and/or 

purpose and an article or website describing their use. 
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Table 2.4.3: Frameworks used in the integration and evaluation of technology 

Group Framework Description/Purpose Study or website 

T
e
c
h
n
o

lo
g

y in
te

g
ra

tio
n 

Substitution 

Augmentation 

Modification & 

Redefinition 

(SAMR)  

Model that describes 4 levels of technology 

integration in tasks 

http://hippasus.com/

resources/tte/  

Puentedura (2006) 

Formative 

Assessment in 

Science & 

Mathematics 

Education 

(FaSMEd)* 

Characterisation of aspects of classroom 

integration of formative assessment technology 

tools 

https://microsites.ncl

.ac.uk/fasmedtoolkit/

theory-for-fa/the-

fasmed-framework/  

FaSMEd (2020a) 

Technology 

Acceptance Model 

(TAM)  

Theorises usage behaviour of technology https://en.wikipedia.

org/wiki/Technology

_acceptance_model  

Buchanan et al. 

(2013) 

Nikou and 

Economides (2017) 

wŀōŀŀΩL Ŝǘ ŀƭΦ (2015) 

Technological 

pedagogical 

content knowledge 

(TPACK)***  

Framework that considers intersection of 

ǘŜŀŎƘŜǊǎΩ ƪƴƻǿƭŜŘƎŜ ƻƴ ǘŜŎƘƴƻƭƻƎȅΣ ǇŜŘŀƎƻƎȅ 

and content is key to successful technology 

integration 

Mishra  and Koehler 

(2006) 

Classification 

system* (Bray and 

Tangney**) 

Classification system with 4 components: 

Technology, Learning Theory, SAMR level, 

Purpose 

Bray and Tangney 

(2017) 

3E (Enhance, 

Extend, Empower) 

Framework 

Guidance & examples to exploit technology to 

enhance, extend, empower teaching & learning 

https://3eeducation.

org/3e-framework/ 

eLearning 

theoretical 

framework 

eLearning systems theory framework that 

draws out roles of people, technology and 

services in learning provision 

Aparicio et al. (2016) 

Laurillard 

Conversational 

Framework 

Framework describes interactions and types of 

activities that occur between teachers and 

students for effective learning 

King and Robinson 

(2009b) Laurillard 

(2013) 

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/
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Unified theory of 

acceptance and use 

of technology 

(UTUAT) 

Alternative to TAM ς 4 key factors in accepting 

technology: performance expectancy, effort 

expectancy, social influence, and facilitating 

conditions 

Venkatesh et al. 

(2016) 

4C (Connection, 

Communication, 

Collaboration, 

Creating) 

Framework 

Framework to organise technology use in 

higher education 

Brown et al. (2014) 

T
h
e
o

re
tic

a
l F

ra
m

e
w

o
rks 

Instrumental 

Orchestration* 

Converting digital tools into artefacts, 

connecting technical skills and conceptual 

understanding required 

Artigue (2002) 

Kieran and Drijvers 

(2016)  

Lopes and Costa 

(2019) 

Thomas et al. (2017) 

Didactic 

Tetrahedron*  

Examining digital tool use as interactions 

between (1) tools and knowledge, (2) tools, 

knowledge and learner, and integration of (3) 

tools in curriculum or classroom 

Trgalová et al. (2018) 

Mathematical 

Proficiency* 

5 strands of mathematical proficiency required 

to learn maths successfully 

National Research 

Coucil (2001) 

Pedagogical 

Opportunities*  

10 pedagogical opportunities grouped into 3 

levels: task that has been set, classroom 

interaction, maths topic 

Pierce and Stacey 

(2010) 

Didactical 

Functions* 

3 didactical functions supported by technology: 

(1) Do, (2) Learn ς Practice Skills, and (3) Learn-

concepts 

Drijvers (2015) 

T
e
c
h
n
o

lo
g

y A
ffo

rd
a

n
c
e
s a

n
d
 

T
yp

e
s 

Mobile App 

Categorisation* 

(Handal**) 

Categorises use of mobile apps for schools 

based on instructional roles and media richness 

as: Productive, Explorative and Instructive. Uses 

DƻƻŘǿƛƴΩǎ ŎƭŀǎǎƛŦƛŎŀǘƛƻƴ ς see below 

Handal et al. (2011) 

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 examples 

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, didactical and 

technical quality. Derived from tools used in 

secondary education in Morocco 

Abderrahim et al. 

(2013) 

Classification of 

Mobile Apps 

(Goodwin**) 

tǊŜŎǳǊǎƻǊ ǘƻ IŀƴŘŀƭΩǎ ŎŀǘŜƎƻǊƛǎŀǘƛƻƴ Ƴŀƛƴƭȅ 

concerned with ǳǎŜǊǎΩ ƭŜǾŜƭ ƻŦ ŎƻƴǘǊƻƭ ƻǾŜǊ 

tasks and activities, for school-based 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. 139ς140) 

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 high- bandwidth 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) 

U
se

r E
xp

e
rie

n
c
e 

User Experience 

Honeycomb 

7 attributes of technology deemed desirable to 

enhance student experience of using 

technology 

Morville (2016) 

Universal Design 

for Learning (UDL) 

Framework used to provide a fully inclusive 

learning environment for all students. 3 main 

elements: Engagement, Representation, and 

Action & Expression, where multiple means to 

achieve these should be considered 

Center for Applied 

Special Technology 

(CAST) (2018) 

Online Course 

Design Learning 

Checklist (OCDLC) 

Before, during and after checklist, with 3, 6 and 

10 items respectively, for online courses in 

higher education 

Baldwin and Ching 

(2019) 

Student-Owned 

Learning-

Engagement (SOLE) 

model 

Theoretical Framework on eLearning systems 

that has 3 dimensions: users, technology, and 

services 

Atkinson (2011) 
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FEM Framework for 

Engagement in 

Mathematics (FEM) 

*  

3 aspects: Pedagogical Relationships (between 

students and teachers), Pedagogical Repertoires 

(teacher day-to-day teaching practices), and 

Student Engagement (factors that support 

engagement)  

Attard and Holmes 

(2020) 

* 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 Koehler (2006) but is now commonly 
referred to as TPACK. 

In addition to those listed in Table 2.4.3, more generalised frameworks were found that encompass 

a number of aspects of evaluations and integration (Aparicio et al., 2016; Kirkpatrick & Kirkpatrick, 

2006; Pickering & Joynes, 2016; Rodríguez et al., 2012). For example, Pickering et al. (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 cost-benefit analysis (Pickering & Joynes, 2016, p. 1244). In their literature review on 

how technology use is evaluated in education, J. Lai and Bower (2019) 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 (J. Lai & Bower, 2019, p. 38). 

Secondly, they proposed that a generalised model for technology evaluation could be developed 

based on the themes and subconstructs they identified (J. Lai & Bower, 2019, p. 38).    

As can be seen from Table 2.4.3, the frameworks vary in which aspects of technology integration 

and evaluation are characterised. In the next section, the different features categorised by the most 

relevant frameworks will be considered in more detail. 

2.4.3 LRQ2.9: What features of technology integrations are described/classified 
within these models and frameworks? 

In this section, the frameworks in Table 2.4.3 will 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 first and this will be followed by an examination of other relevant 

frameworks. 
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2.4.3.1 Mathematics 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, 2010). In their pedagogical map, they identified three levels 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. 6). The didactical 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). Geiger 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. Drijvers (2015) referred to the benefit of 

the pedagogical map as a way to define the educational context and mathematical practices 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 functions (Drijvers, 2015, p. 

136)Φ Lƴ ǘƘŜ 5ǊƛƧǾŜǊǎΩ (2015) model, there are three 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) Learn ς practice skills: the functionality provided to 

practice skills; and (3) Learn ς concepts: the functionality that supports the development of 

conceptual understanding (Drijvers, 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 

ŀ ŘƛƎƛǘŀƭ ǘƻƻƭΦ Lǘ ǎǘŜƳǎ ŦǊƻƳ !ǊǘƛƎǳŜΩǎ ǿƻǊƪ (2002) on an instrumental approach to using digital tools 

in mathematics where the technological and conceptual affordances of the tools are exploited to 

foster mathematical understanding. This theoretical framework has been used in mathematics 

ŜŘǳŎŀǘƛƻƴ ǊŜǎŜŀǊŎƘ ƛƴ ƻǊŘŜǊ ǘƻ ƛƴǾŜǎǘƛƎŀǘŜ ŀƴŘ ŎƻƳǇŀǊŜ ǎǘǳŘŜƴǘǎΩ ƳŀǘƘŜƳŀǘƛŎǎ ƭŜŀǊƴƛƴƎ ǳǎƛƴƎ 

different technologies and settings (Jupri et al., 2016; Kieran & Drijvers, 2016; Thomas et al., 2017).  
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Didactic Tetrahedron 

The Congress of the European Society for Research in Mathematics Education (CERME) group 

adopted a didactic tetrahedron, inspired by Tall (1986, as cited in Trgalová et al., 2018, p. 1), to 

examine the interactions between teachers, students, knowledge, and tools (resources and 

technology) (Trgalová et al., 2018, p. 2). See Figure 2.4.1 Cognitive processes are described by the 

interactions between the technology or resource, knowledge and the learner (student). The 

learning theories enacted in the ŎƭŀǎǎǊƻƻƳ ŀǊŜ ŘŜǎŎǊƛōŜŘ ōȅ ǘƘŜ ǘŜŀŎƘŜǊΩǎ ƛƴǘŜƎǊŀǘƛƻƴ ƻŦ ǘƘŜ 

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

 

Figure 2.4.1: Didactical Tetrahedron 

Copied from Trgalová (2018, p. 2) 

Categories of tools (Hoyles & Noss, 2009) 

Hoyles and Noss (2009) ƛŘŜƴǘƛŦƛŜŘ ŦƻǳǊ ŎŀǘŜƎƻǊƛŜǎ ƻŦ ǘƻƻƭǎ Ψthat distinguish different ways that 

digital tools have the potential to shape mathematical cognitionΩ (Hoyles & Noss, 2009). First are 

dynamic and graphical tools that 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 tools and influenced Bray and 

¢ŀƴƎƴŜȅΩǎ (2017, p. 259) work on classifying technology mathematics research studies.  

Classification System of research studies (Bray & Tangney, 2017)  

Bray and Tangney (2017) 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 described below: (Bray & Tangney, 2017, fig. 4).  
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¶ Technology which describes the type of technology in use. They used a refinement of the 

Hoyles and Noss (2009, as cited in Bray & Tangney, 2017, p. 261) categorisation of tools 

(described above) which also took into account the types of technology use observed in 

the literature review. There were seven final classifications within the technology type.  

¶ Learning Theory. Studies were classified according to whether they adopted a 

Behaviourist, Cognitive, Constructivist, Social Constructivist, or Constructionist teaching 

and learning approach. 

¶ 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 will be discussed in more detail below. 

¶ Purpose. Each of the studies was classified based on the aim of the study: for example, to 

ŎƘŀƴƎŜ ǎǘǳŘŜƴǘǎΩ ƳŀǘƘŜƳŀǘƛŎŀƭ ŀǘǘƛǘǳŘŜΣ ƛƳǇǊƻǾŜ ǇŜǊŦƻǊƳŀƴŎŜ ƻǊ ŜƴƎŜƴŘŜǊ ŎƻƭƭŀōƻǊŀǘƛƻƴ 

and discussion. 

In their analysis of these studies, Bray and Tangney (2017, p. 270) conclude that while tools are 

increasingly being used to enable visualisations, and to promote collaborative problem-solving, 

they are not yet transforming the student learning experience.   

Formative assessment in Science and Mathematics Education (FaSMEd) 

The FaSMEd project team developed a theoretical framework to characterise aspects of the 

classroom use of formative assessment technology tools they developed for post-primary 

education (FaSMEd, 2020a). The FaSMEd framework consists of three interrelated dimensions 

ŘŜǾŜƭƻǇŜŘ ŦǊƻƳ ǘƘŜ ǊŜƭŜǾŀƴǘ ƭƛǘŜǊŀǘǳǊŜ ŀƴŘ ǘƘŜ ǘŜŀƳǎΩ ŜŘǳŎŀǘƛƻƴŀƭ ŜȄǇŜǊƛŜƴŎŜΦ ¢ƘŜ ǘƘǊŜŜ 

dimensions are: 

¶ Agents (student, peers, teacher) that intervene in formative assessment processes in the 

classroom and that can activate formative assessment strategies. 

¶ Strategies for formative assessment activated by the agents, based on the work of Wiliam 

and Thompson (2008). 

¶ Functionalities of technology within the formative assessment processes: Sending and 

Displaying; Processing and Analysing; and Providing an Interactive Environment  

¶ (FaSMEd, 2020a).  

Mobile Apps Classifications (Handal et al., 2011) 

Handal et al. (2011) examined over a hundred mathematics educational apps while developing a 

framework for categorising mobile applications. The apps were initially categorised into nine types 

based on their instructional roles and subsequently clustered into three broad classifications: 



 

 45  
 

explorative, productive and instructive (Handal et al., 2011). Explorative apps allow simulations and 

guided discovery; productive apps enable the student to construct content such as graphs; and 

instructive apps are generally focussed on drill and practice. These classifications are a modified 

form of the Goodwin pedagogical classification of tablet apps (Handal et al., 2011). Handal et al. 

(2011) ŀŘŘŜŘ ǘƘŜ ŎƻƴŎŜǇǘ ƻŦ ƳŜŘƛŀ ǊƛŎƘƴŜǎǎ ǘƻ ŘŜǎŎǊƛōŜ ǘƘŜ ŀōƛƭƛǘȅ ƻŦ ǘƘŜ ŀǇǇ ǘƻ ǇǊƻǾƛŘŜ ŀ Ψhigh 

level of problŜƳ ǎƻƭǾƛƴƎ ŀƴŘ ƭƻǿ ǇǊŜǎŎǊƛǇǘƛƻƴΩ. Each of the three classifications can have a lower, in-

between, or higher level of media richness. For example, Guided-Discovery-type apps which allow 

Ψexploration and experimentation within a pre-determined ŦǊŀƳŜǿƻǊƪΩ are Explorative 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 investment (Handal et al., 2011). 

Framework for Engagement in Mathematics (FEM) (Attard & Holmes, 2020) 

Attard and Holmes (2020) examined how exemplary mathematics teachers take advantage of the 

affordances of educational 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 pedagogical repertoires. They define pedagogical relationships as the educational relationships 

between students and teachers that support engagement and pedagogical repertories as the 

routine educational practices used by the teacher (Attard & Holmes, 2020, p. 2). This framework 

ƻǳǘƭƛƴŜǎ ŀ ƴǳƳōŜǊ ƻŦ ŜƭŜƳŜƴǘǎΣ ǎǳŎƘ ŀǎ ŘŜǘŜǊƳƛƴƛƴƎ ǎǘǳŘŜƴǘǎΩ ōŀŎƪƎǊƻǳƴŘǎ ŀƴŘ ǘƘŜ ǳǎŜ ƻŦ ǎǘǳŘŜƴǘ-

centred technology, needed to achieve the required pedagogical relationship and repertories that 

encourage student engagement with the technology provided (Attard & Holmes, 2020, p. 3). These 

ŜƭŜƳŜƴǘǎ ǿŜǊŜ ōŀǎŜŘ ƻƴ ǘƘŜ ǇǊŀŎǘƛŎŜǎ ƻŦ ŜȄŜƳǇƭŀǊȅ ǘŜŀŎƘŜǊǎΩ ǳǎŜ ƻŦ ǘŜŎƘƴƻƭƻƎȅΣ ŀƴŘ !ǘǘŀǊŘ ŀƴŘ 

Holmes (2020, p. 10) conclude that technology used in this way can engage students with 

mathematics.  

2.4.3.2 General frameworks of relevance 

A number of the other frameworks listed in Table 2.4.3 have been used to investigate technology 

integration in higher education and in mathematics education. The SAMR and TPACK models 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 described. Furthermore aspects 

of user experience that are traditionally seen in the context of software should be incorporated into 

the of the instructional design process design (Adnan & Ritzhaupt, 2018; Svihla, 2018) and support 

the effective integration of technology into education (Conole, 2013; Laurillard, 2012). 
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Substitution Augmentation Modification Redefinition (SAMR) model (Puentedura, 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 model, Figure 2.4.2, depicts a hierarchical structure of two broad levels, 

each with two subcategories (Bray & Tangney, 2017, p. 260). The lowest level of integration is to 

substitute existing 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 through task redesign or the 

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

 

Figure 2.4.2: SAMR model for technology integration in education 

Copied from Puentedura (2010, p. slide 3) 

Bray and Tangney (2017, p. 269) classified mathematics education technology using the 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 Pedagogical Content Knowledge (TPACK) (Mishra & Koehler, 2006) 

Mishra and Koehler (2006) drew on their experiences working in higher education to develop a 

framework that captured the knowledge required by teachers to effectively integrate technology.  

This framework, TPACK, has been widely used and/or referred to in research on the integration of 

technology in mathematics education (Drijvers et al., 2014; Handal et al., 2012; Oates, 2016; 

Trgalová et al., 2018). The framework highlights the connections between the content, pedagogical, 

and technological knowledge required by teachers for successful integration of technology in 

teaching. Mishra and Koehler (2006, pp. 1019ς1020) 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 achieve TPACK, and (3) to guide research and analysis on the 

effectiveness of pedagogy associated with technology integration. They conclude that the TPACK 

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 perspectives (Hilton, 2016). They discussed 

TPACK in terms of technology integration throughout the year whereas they reflected on individual 

activities when discussing SAMR (Hilton, 2016, p. 71). Hilton (2016, p. 72) suggested that the SAMR 

model is more focussed on student-centred activities whereas TPACK is more aligned with teacher-

centred design. TPACK has become popular amongst researchers whereas SAMR is more popular 

amongst practitioners (Kimmons & Hall, 2018, p. 29).  

User Experience Models 

In the studies examined in section 2.3, there is a lack of focus on the usability of the educational 

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 usability (Fabian et al., 2018; 

Galligan et al., 2015; S. O. King & Robinson, 2009b). It has 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 product (Reeves et al., 2002; Squires & Preece, 1999). Recent 

investigations by Slade and Downer (2020), reveal the importance of the user experience for 

students when using ePortfolios.  Many of the early usability techniques used checklists and rubrics, 

but these have been proven to be problematic (Squires & Preece, 1999, p. 471). One way to 

ƻǾŜǊŎƻƳŜ ǇǊƻōƭŜƳǎ ǿƛǘƘ ŎƘŜŎƪƭƛǎǘǎ ƛǎ ǿƛǘƘ ǘƘŜ ǳǎŜ ƻŦ ƘŜǳǊƛǎǘƛŎ ŜǾŀƭǳŀǘƛƻƴǎΥ ΨHeuristic evaluation is 

done by experts (in this case, expert teachers) using a set ƻŦ ƎǳƛŘŜƭƛƴŜǎΣ ƪƴƻǿƴ ŀǎ ΨƘŜǳǊƛǎǘƛŎǎΩ  

(Squires & Preece, 1999, p. 468). The notion of heuristic evaluation was first introduced by Molich 

and Nielsen (1990), with the associated usability guidelines available on the Nielson Norman group 

website (J.Nielsen, 2020). Squires & Preece (1999, p. 479) combined these heuristics with the notion 

ƻŦ ƭŜŀǊƴŀōƛƭƛǘȅ ƻŦ ŜŘǳŎŀǘƛƻƴŀƭ ǘŜŎƘƴƻƭƻƎȅ ǘƻ ǇǊƻŘǳŎŜ ŀ ǎŜǘ ƻŦ Ψlearning with softwareΩ ƘŜǳǊƛǎǘƛŎǎΦ 

Reeves et al. (2002) also used the Nielsen guidelines to define a set of 15 heuristics 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 

experience (JISC, 2015)Φ ¢Ƙƛǎ ŦǊŀƳŜǿƻǊƪ ƛǎ ōŀǎŜŘ ƻƴ aƻǊǾƛƭƭŜΩǎ ƘƻƴŜȅŎƻƳōΣ ǎŜŜ CƛƎǳǊŜ нΦпΦо.  
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Figure 2.4.3: aƻǊǾƛƭƭŜΩǎ IƻƴŜȅŎƻƳō 

Copied from (https://www.jisc.ac.uk/guides/usability-and-user-experience) 

Universal Design for Learning (UDL) 

Dimensions such as accessibility and findability have become increasingly important in education 

and are reflected in the Universal Design for Learning (UDL) framework as described by Meyer et 

al. (2014), part of the Centre for Applied Special Technology (CAST) project in the USA (CAST, 2018). 

The principles associated with UDL ŀŎŎƻǳƴǘ ŦƻǊ ǘƘŜ ǿŀȅǎ ƛƴ ǿƘƛŎƘ ǘƘŜ ŘƛŦŦŜǊŜƴǘ ǳǎŜǊǎΩ ŀŎŎŜǎǎ ŀƴŘ 

use technology. For example, they include the provision of audio files to support learners that are 

visually impaired. The UDL guidelines (Rose & Meyer, 2002), suggest there should be multiple 

means of:  

¶ Representation, to give learners various ways of acquiring information and knowledge; 

¶ Expression, to provide learners alternatives for demonstrating what they know; and 

¶ Engagement to tap into learners' interests, challenge them appropriately, and motivate 

them to learn. 

There is limited research on how the 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, resulted in a more positive experience for the teacher, despite an increased workload 

(Kumar & Wideman, 2014, p. 137). In addition, students were positive about the increase in control 

of their learning and in the sense of social presence achieved (Kumar & Wideman, 2014, p. 138).  

2.4.4 Discussion on evaluations and frameworks/models in higher 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 observationǎΦ LƴŘƛŎŀǘƻǊǎ ƻŦ ǎǳŎŎŜǎǎ ƛƴŎƭǳŘŜŘ ǎǘǳŘŜƴǘǎΩ 

ƎǊŀŘŜǎΣ ǎǘǳŘŜƴǘǎΩ ŀƴŘ ƭŜŎǘǳǊŜǊǎΩ ǾƛŜǿǎ ƻƴ ǘƘŜ ǊŜǎƻǳǊŎŜǎΣ ŀƴŘ ǘƘŜ ŀƴŀƭȅǎƛǎ ƻŦ ŎǳǊǊƛŎǳƭǳƳ ƳŀǘŜǊƛŀƭǎ 

(See Table 2.4.1). While data with respect to behavioural engagement was gathered, it was not 

https://www.jisc.ac.uk/guides/usability-and-user-experience
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always analysed in terms of student engagement (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 frameworks of evaluation 

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

frameworks found in the literature (Drijvers, 2015; M. King et al., 2014).  

There are considerable challenges associated with evaluating technology integration (Brown et al., 

2014; M. King et al., 2014). The use of frameworks of evaluation can help overcome these 

challenges (Drijvers, 2015; Geiger et al., 2016). Four main categories of framework were found in 

the literature on educational technology 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 also reflected in the number of frameworks that describe how mathematical learning is achieved 

using technology as a tool (Artigue, 2002; Trgalová et al., 2018) and how the pedagogical 

affordances of technology can be leveraged (Drijvers, 2015; Handal et al., 2011; Hoyles & Noss, 

2009; Pierce & Stacey, 2010)Φ .ƻǘƘ ǘƘŜ .Ǌŀȅ ŀƴŘ ¢ŀƴƎƴŜȅΩǎ (2017) system of classification and the 

FaSMEd framework (2020a) 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 engagement (Hong-aŜƴƎ ¢ŀƛ Ŝǘ ŀƭΦΣ нлмфΤ hΩCƭŀherty & Phillips, 2015), and 

has been identified as a factor in the success of technology integration in mathematics education 

(Fabian et al., 2018; Galligan et al., 2015; Lavicza, 2010; J. Lee, 2014; Oates, 2010). While there were 

a number of frameworks that claimed to describe all aspects of technology education in general 

(Aparicio et al., 2016; Pickering & Joynes, 2016; Rodríguez et al., 2012), no holistic framework for 

technology integration was found in the mathematics education literature. 

2.5  Conclusion on the literature review 

Student engagement has been shown to be an important construct due to its impact on student 

success (Fredricks 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 resultant outcoƳŜǎ ƻŦ ǎǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘΣ ǿƛǘƘƛƴ ǘƘŜ ǎǘǳŘŜƴǘǎΩ ǎƻŎƛƻŎǳƭǘǳǊŀƭ ŎƻƴǘŜȄǘ 

(M. Bond & Bedenlier, 2019; Kahu & Nelson, 2018). While there is a growing body of research 

available on the impact of technology on student engagement, there is a degree of uncertainty as 

to what is meant by student engagement with technology and how it should be measured (M. Bond 

et al., 2020; Henrie, Halverson, et al., 2015; Schindler et al., 2017). In 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 pedagogical integration of 

technology have been identified in mathematics education literature (Drijvers, 2019; Galligan et al., 

2015; Thomas et al., 2017), there are few studies that examine technology use from the perspective 

of the student or student engagement. Those that do are mainlȅ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǎǘǳŘŜƴǘǎΩ Ǝƻŀƭǎ 

(Anastasakis et al., 2017b; Kanwal, 2020) and do not necessarily consider the impact of the usability 

and design of the technology on student engagement, factors that have been highlighted in the 

general education literature (M. Bond & Bedenlier, 2019). In order to effectively use technology to 

support student engagement within higher education, research studies need to be examined under 

a clearly-defined lens of student engagement (M. Bond & Bedenlier, 2019). This research need is 

addressed within this thesis, where a clearly defined lens of student engagement (see Section 2.6.1 

below) will be used to explore student engagement with technology in the context of 

undergraduate non-specialist mathematics modules.  

Few studies on education technology define technology-enhanced resources; however, it is clear 

from the mathematics literature that such resources can be described as technology tools that are 

used to enhance, or improve, the mathematical understanding, learning experience and/or learning 

environment of students engaged in mathematics learning (Anastasakis et al., 2017b; Jupri et al., 

2016; Ratnayake et al., 2016; Triantafyllou et al., 2015). In mathematics education, considerable 

work has gone into examining the use of technology as a tool to enhance mathematical 

understanding (Drijvers, 2015; Monaghan et al., 2016; Trenholm et al., 2015; Trgalová et al., 2018). 

Other, more pragmatic benefits have been explored to a lesser extent ό[ŀǾƛŎȊŀΣ нлмлΤ ¢ŀƪŀőƛ Ŝǘ ŀƭΦΣ 

2015; Triantafyllou et al., 2015). While indicators associated with student engagement were 

measured, it is not clear how pedagogical changes rather than technology use affected 

engagement. Only a limited number of studies considered student satisfaction with, and 

motivations to use, mathematics education technology (Howard et al., 2018; S. O. King & Robinson, 

2009b; J. Lee, 2014; Trenholm et al., 2019; Triantafyllou et al., 2015). While satisfaction and 

motivation are clearly linked to engagement (Fredricks et al., 2004), it is not clear what factors 

impact on student engagement with mathematics education technology. Bond and Bedenlier 

(2019) identified a number of the micro-layer influences on student engagement with technology, 

such as: the individual student and teacher acceptance of, and skills in using, technology; the design 

of the technology-enhanced activities within the curriculum; and the influence of factors such as 

technical support, usability of the technology and the assessment on the learning environment. In 

order to examine student 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 need has been identified as the first issue that this research study will address (see 

Section 2.5.1 below)  

Factors that contribute to the success of technology integration in mathematics education were 

ƛŘŜƴǘƛŦƛŜŘΣ ǎǳŎƘ ŀǎ ǘƘŜ ƴŜŜŘ ŦƻǊ ǎƛƎƴƛŦƛŎŀƴǘ ǇŜŘŀƎƻƎƛŎŀƭ ŎƘŀƴƎŜ ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ǘŜŎƘƴƛŎŀƭ ǎƪƛƭƭ ƛƴ 

using technology (Drijvers, 2015; Thomas et al., 2017). The pedagogical challenges associated with 

integrating technology require careful consideration, and teachers need support to successfully use 

technology in mathematics education (Buteau et al., 2010; Drijvers et al., 2013; Mishra & Koehler, 

2006; Monaghan et al., 2016). One way to overcome these challenges is to have frameworks 

available to guide teachers with the integration and evaluation of technology (Drijvers et al., 2013; 

Lopes & Costa, 2019; Mishra & Koehler, 2006). There are many frameworks found in the 

mathematics literature that describe various aspect of technology integration, such as those that 

describe the types of technology in use, how learning is mediated using technology and how 

technology can be integrated into tasks or settings ς see Table 2.4.3. However, there is no 

overarching framework that describes both the pedagogical aspects and the educational context of 

technology integration. Thus, this is the second issue that this research study will address (see 

Section 2.5.1 below)  

2.5.1 Research Problem 

Two issues have emerged from this literature review, as outlined in the previous section. First of 

all, it is important to establish the factors that affect student engagement with technology, due its 

impact on student success. While few studies in the use of technology-enhanced resources in 

undergraduate non-specialist 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 technology integrations encourage 

students to engage with the resources to support their learning. In this study a clearly defined lens 

of student engagement will be applied to the evaluation of technology use. The second issue is that 

evaluations have revealed a number 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, technical and 

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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2.5.1.1 Research aims 

The aim of this research is to explore why, and in what way, first-year undergraduate students 

engage with selected technology-enhanced resources to support their learning of mathematics for 

non-specialist mathematics modules and to determine what factors of the learning environment 

impact on this engagement.  

Research Objectives based on this aim: 

1. To review the current literature on the use of technology-enhanced resources by first-

year undergraduate students in supporting their mathematics learning.  

2. To investigate how the effectiveness of such resources has been evaluated. 

3. To evaluate the effect the learning ŜƴǾƛǊƻƴƳŜƴǘ Ƙŀǎ ƻƴ ǎǘǳŘŜƴǘǎΩ engagement with 

selected technology-enhanced resources. 

4. To develop a research-based evaluation framework that can be used by practitioners 

to determine the effectiveness of technology-enhanced resources that they develop 

for their students. 

2.5.1.2 Research Questions 

Three research questions have been identified to address the aims and objectives of this PhD study. 

The first two research questions are used to examine student engagement with lecturer-developed 

technology-enhanced resources. The third research question relates to the evaluation of 

technology-enhanced resources. The three research questions are listed below: 

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

that influence students' engagement with these resources? 

RQ2: What are the key pedagogical features of technology-enhanced resource 

implementations that impact on student engagement with these resources? 

RQ3: How can the outcomes of RQ1 and RQ2 be used to develop a framework that 

practitioners can use to evaluate the effectiveness of their implementations of technology-

enhanced resources? 

In the next section the research framework that is used to address these questions is 

discussed. 

2.6 Research framework  

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

(nature  of being) and epistemological (nature of knowledge) outlooks that are embedded in the 
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study (Cohen et al., 2007). Ontological positions in educational research are used to define the 

phenomena under investigation and epistemological perspectives help shape the methods of 

generating knowledge for the study (Farrow et al., 2020)Φ Lƴ ŀŘŘƛǘƛƻƴΣ ŀ ǊŜǎŜŀǊŎƘŜǊΩǎ ƻǿƴ ǾƛŜǿǇƻƛƴǘΣ 

or value system, impacts on how the research is conducted and interpreted (Farrow et al., 2020; 

Lincoln & Guba, 1985). These three elements, ontology, epistemoloƎȅ ŀƴŘ ŀȄƛƻƭƻƎȅ όƻƴŜΩǎ ƻǿƴ 

value system), form the theoretical foundations of the research paradigm adopted for a study 

(Farrow et al., 2020). Different research paradigms may be used in different branches of research, 

and a number of distinct paradigms are evident in educational research (Farrow et al., 2020; Lincoln 

& Guba, 2000). Positivism and interpretivism have been the two most commonly used paradigms 

(Lincoln & Guba, 2000), though more recently post-positivism, critical and pragmatic approaches, 

which build on these two, are often applied (Farrow et al., 2020; Kivunja & Kuyini, 2017).  

¶ 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 difficult (Farrow et 

al., 2020). 

¶ Post-positivism: While still valuing an objective truth, post-positivists 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 post-positivist approach (Farrow et al., 2020). 

¶ Interpretivism: Interpretivists, on the other hand, regard certain aspects of human 

experiences, such as emotions, values, and social and cultural influences, as factors that 

cannot be measured objectively. The researcher derives an understanding of the 

ǇƘŜƴƻƳŜƴŀ ǘƘǊƻǳƎƘ ƛƴǘŜǊǇǊŜǘƛƴƎ ǘƘŜ ǎǳōƧŜŎǘΩǎ ǾƛŜǿǇƻƛƴǘΦ vǳŀƭƛǘŀǘƛǾŜ ƳŜǘƘƻŘǎ ŀǊŜ 

employed for this approach, where the findings rely on the different perspectives of the 

subjects (Farrow et al., 2020; Kivunja & Kuyini, 2017; Lincoln & Guba, 2000). 

¶ 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, such as action research and field 

research (Farrow et al., 2020). 

¶ Pragmatic: Pragmatic approaches are aimed at establishing what works. Pragmatists are 

not centrally focussed on establishing one truth, but more on solving a real-world 

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 project (Duram, 2012; 

Farrow et al., 2020; Weaver, 2018). 

Lǘ ƛǎ ƛƳǇƻǊǘŀƴǘ ǘƻ ǊŜŦƭŜŎǘ ƻƴ ƻƴŜΩǎ ƻǿƴ Ǉƻǎƛǘƛƻƴ ǿƛǘƘƛƴ ǘƘŜ ŎƻƴǘŜȄǘ ƻŦ ǘƘŜ ǊŜǎŜŀǊŎƘ ŀƴŘ ǘƻ ŘŜǘŜǊƳƛƴŜ 

what values and experience one brings to the study (Agee et al., 2013; Morrison, 2007). This 

research is situated in a higher education context, specifically involving a student cohort who are 

enrolled in non-specialist mathematics modules. While this cohort of students self-select support 

resources (Anastasakis et al., 2016; Ní Shé et al., 2016), there is little known about how they engage 

with technology. It is also apparent that, in order to leverage the affordances of technology 

effectively in mathematics education, frameworks of evaluation are required (Conole & Alevizou, 

2010; Drijvers, 2015; M. King et al., 2014). The value system that I 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, I have been actively involved in supporting lecturers in 

higher education to take advantage of technology affordances to enhance their teaching. While 

recognising elements of interpretivism in the research undertaken regarding student engagement 

with technology, a pragmatic and somewhat positivist approach was taken to determining the 

factors that need to be included in an evaluation framework. Pragmatism involves solving a 

problem (Farrow et al., 2020); in this case how to effectively evaluate technology in mathematics 

education. However values, past experiences and the sociocultural environment impact on the 

ǎǘǳŘŜƴǘǎΩ ƳƻǘƛǾŀǘƛƻƴǎ ŀƴŘ ŀŎǘƛƻƴǎ ƛƴ ǊŜƭŀǘƛƻƴ ǘƻ ǳǎƛƴƎ ǘŜŎƘƴƻƭƻƎȅ ŀƴŘΣ ǘƘǳǎΣ ŀǊŜ ōŜǎǘ ǊŜǎŜŀǊŎƘŜŘ 

through an interpretivist framework (Farrow 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.  

2.6.1 Research Definitions 

While the initial research area of interest will inform the research paradigm and ensuing 

methodologies (Cohen et al., 2007; Farrow et al., 2020), the topic under investigation, engagement, 

must also be defined (Farrow et al., 2020). The methodological considerations are contained in 

Chapter 4, the definition of engagement that used in this thesis is outlined below. 

2.6.2 Definition of engagement for my thesis 

From an ontological viewpoint, it is important to have a definition of a phenomenon before one 

examines it (Farrow et al., 2020, p. 10). Indeed, Bond and Bedenlier (2019) 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 what is 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 widely-used definitions discussed by 

Fredericks et al. (2004), with a focus on technology, and relies on the work of both Kahu and Nelson 

(Kahu, 2013; Kahu & Nelson, 2018) and Bond and Bedenlier (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  

¶ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǎǘǳŘŜƴǘǎΩ ŀŎǘƛƻƴǎ in relation to using technology, such as: use/non-use; 

duration they used it; or effort in trying to use it. 

¶ factors influencing this behaviour such as: recommendation by lecturer; required in class; 

or in assessment. 

Affective * 

¶ ŎƻƴŎŜǊƴŜŘ ǿƛǘƘ ǎǘǳŘŜƴǘǎΩ emotions prior to or as a result of using the technology, such as: 

satisfaction; annoyance; confusion; or frustration. 

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

familiarity. 

Cognitive 

¶ concerned with studentǎΩ ƭŜŀǊƴƛƴƎ ŦǊƻƳ ǳǎƛƴƎ ǘƘŜ ǘŜŎƘƴƻƭƻƎȅΣ ǎǳŎƘ ŀǎΥ ŘŜǾŜƭƻǇƛƴƎ 

understanding; or achieving competence in methods. 

¶ factors that influence this include: behavioural and affective engagement; being positive; 

or tasks within the technology being designed to achieve this cognition. 

ϝbƻǘŜ ǘƘŀǘ ǘƘŜ ǘŜǊƳ ΨŀŦŦŜŎǘƛǾŜΩ ǿŀǎ ŎƘƻǎŜƴ ǊŀǘƘŜǊ ǘƘŀƴ ΨŜƳƻǘƛƻƴŀƭΩ ŀǎ ƛǘ ƛǎ ƳƻǊŜ ŎƻƳƳƻƴƭȅ ǳǎŜŘ ƛƴ 

higher education literature. 

The use of the Fredericks et al. (2004) definition for this study is justified in that mathematics 

educators have also used this definition. For example, Attard (2012, p. 10) said that engagement 

ƳŀƴƛŦŜǎǘǎ ǘƘǊƻǳƎƘ ŀ ǇŜǊǎƻƴΩǎ ǘƘƻǳƎƘǘǎΣ ōŜƘŀǾƛƻǳǊǎΣ ŀƴŘ ŀŎǘƛƻƴǎ which is a reflection of the 

Fredericks et al. (2004, p. 60) ƴƻǘƛƻƴ ƻŦ ŜƴƎŀƎŜƳŜƴǘ ŀǎ Ƙƻǿ ǎǘǳŘŜƴǘǎ ΨōŜƘŀǾŜΣ ŦŜŜƭ ŀƴŘ ǘƘƛƴƪΩΦ Attard 

(2012) considers that engagement and motivation are interlinked in such a way that when a student 

is engaged in mathematics, they have been influenced by motivational factors and vice versa. These 

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 Kahu (2013). In 

this framework, student engagement is framed within a sociocultural context with both structural 

and psychological factors influencing engagement (Kahu, 2013). Subsequent student engagement 

is manifested in either short-term and/or long-term consequences. In a refinement of the 

framework, Kahu and Nelson (2018) added the notion of students transitioning to higher education 

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

ΨŎƻƴǎŜǉǳŜƴŎŜǎΩ ǘƻ ΨƻǳǘŎƻƳŜǎΩ ƻŦ ǎǘǳŘŜƴǘ ŜƴƎŀƎŜƳŜƴǘΣ ǿƘƛŎƘ ǊŜŦƭŜŎǘǎ ǘƘŜ ǿƛŘŜǊ ƘƛƎƘŜǊ ŜŘǳŎŀǘƛƻƴ 

focus on student outcomes. This latter model is depicted in Figure 2.6.1 below. 

 

Figure 2.6.1: Refined conceptual framework of student engagement  

Developed by Kahu and Nelson (2018) and copied from Kahu and Nelson (2018, p. 64) 

²ƘƛƭŜ YŀƘǳ ŀƴŘ bŜƭǎƻƴΩǎ (2018) framework is useful, it lacks a focus on technology. Attard and 

Holmes (2020) explored student engagement with mathematics 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 repertories of the teachers (Attard & Holmes, 2020, p. 3). However, 

the focus is on teachers and pedagogy in secondary education rather than on students in higher 

education. The most relevant framework of student engagement with technology in higher 

education that was found, in the literature, is the biological student engagement framework 

proposed by Bond and Bedenlier (2019). They used the work of Kahu and Nelson (2018) along with 

a review of the relevant literature to propose a framework that operates at a number of levels: 

macro, exo, meso and micro (M. Bond & Bedenlier, 2019, p. 3). It is at the microsystem level that 

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

student, peers, teacher and content, and the interactions with technology (M. Bond & Bedenlier, 
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2019, p. 5). Their model of the factors that influence student engagement with technology is shown 

in Figure 2.6.2.  

 

Figure 2.6.2: Learning environment and technology influences on student engagement 

Copied from Bond and Bedenlier (2019, p.5) 

Bond and Bedenlier (2019, p. 3) mapped out a list of engagement indicators for each of the three 

recognised dimensions of engagement. These indicators are measurable manifestations of 

engagement actions and reactions (M. Bond & Bedenlier, 2019, p. 3). In addition, Lai and Bower (J. 

Lai & Bower, 2019, p. 33) compiled 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 as a reference in the 

analysis later in the thesis.   

2.6.3 Addressing the research questions 

RQ1 and RQ2, as outlined in Section 2.5.1.2, were investigated using the evaluations of the 

technology-enhanced resources developed as part of the NF-funded project and the review of 

relevant literature. The outcomes of RQ1 and RQ2 were used to address RQ3 and develop a 

framework for practitioners to evaluate the effectiveness of their implementations of technology-

enhanced resources. This framework was then tested within the context of a specific technology-

enhanced resource implementation in a first-year engineering mathematics module. The context 

of the NF-funded project will be discussed in Chapter 3. 
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The National Forum funded project 

3.1 Introduction to the National Forum funded 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 Chapter 2. The initial 

impetus for this PhD research was in a National Forum for the Enhancement of Teaching and 

Learning in higher education in Ireland (NF) funded project:  Ψ!ǎǎŜǎǎƳŜƴǘ ŦƻǊ [ŜŀǊƴƛƴƎ wŜǎƻǳǊŎŜǎ 

for First-¸ŜŀǊ ¦ƴŘŜǊƎǊŀŘǳŀǘŜ aŀǘƘŜƳŀǘƛŎǎ aƻŘǳƭŜǎΩ  (NF, n.d.-b).  The resources developed for this 

project were aimed at addressing a widely-reported problem: that first-year undergraduate 

students in Ireland are under-prepared for the non-specialist mathematics modules they encounter 

(Faulkner et al., 201лΤ Dƛƭƭ ϧ hΩ5ƻƴƻƎƘǳŜΣ нллтŀύ. Technology-enhanced formative assessment 

techniques were used to design and build a number of support resources that were then made 

available to selected first-year undergraduate students attending non-specialist mathematics 

modules. As part of the project, the resources were evaluated and then modified before they were 

made generally available on the project website (NF, n.d.-d). It was within the evaluations of these 

resources that the work in this PhD began. The initial evaluations revealed the importance 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 on the development of such a framework. In addition, 

interviews with students revealed that their engagement with technology was a complex issue. 

CƻƭƭƻǿƛƴƎ ŀ ǊŜǾƛŜǿ ƻŦ ǘƘŜ ƭƛǘŜǊŀǘǳǊŜΣ ƛǘ ǿŀǎ ŜǾƛŘŜƴǘ ǘƘŀǘ ǎǘǳŘŜƴǘǎΩ ŜƴƎŀƎŜƳŜƴǘ ǿƛǘƘ ǘŜŎƘƴƻƭƻƎȅ-

enhanced resources in first-year undergraduate non-specialist mathematics modules had not been 

fully explored. Hence, the research was refined to focus on factors that impact student engagement 

with technology-enhanced resources and widened to include the development of an evaluation 

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: 

¶ The first section contains an overview of higher education and the NF in Ireland.  

¶ The background and rationale for the NF-funded project are given in the second section. 

¶ In the third section, the project objective and the role of this researcher within the project 

are described. 

¶ Details of the different NF-funded resources are outlined in the fourth section. 

¶ The final section contains the particulars relating to the NF-funded resource 

implementations. 
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3.2 Higher Education in 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.  

3.2.1 Universities and Institutes of Technology 

Prior to 2019, undergraduate education in Ireland was mainly provided by two types of institutes: 

Universities and Institutes of Technology (IoTs). Traditionally they play distinct roles in 

undergraduate education in Ireland, with IoTs mainly providing certification at Higher Certificate 

level, Ordinary degree and Honours degree, while Universities focus mainly on Honours and 

postgraduate degrees (DES, 2005). IoTs tend to have a greater percentage of mature students 

(students over the age of 23), part-time students and students from disadvantaged areas than 

Universities όhΩ{ǳllivan et 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 IoTs. In 

addition, there are a number of private colleges, some of whom receive public funds towards 

primary undergraduate education. In 2018, the Irish government enacted legislation for the 

provision of Technological Universities envisioned to occur mainly through the amalgamation of 

existing IoTs (Higher Education Authority, n.d.).  

Access to higher education in Ireland is via a centralised application system that allocates places 

based on entry requƛǊŜƳŜƴǘǎ ŀƴŘ ŀ ǎǘǳŘŜƴǘ ǎŎƻǊŜΣ ŎŀƭƭŜŘ άǇƻƛƴǘǎέΣ ŎŀƭŎǳƭŀǘŜŘ ŦǊƻƳ ǎƛȄ ǎǳōƧŜŎǘǎ ǘŀƪŜƴ 

at Leaving Certificate (CAO, n.d.). The Leaving Certificate is the terminal post-primary state 

examination in Ireland and is taken by 96% of the student cohort at the end of a five or six-year 

secondary school programme όhΩ{ǳƭƭƛǾŀƴ Ŝǘ ŀƭΦΣ нл15, n. 1). Entry requirements and points obtained 

tend to be lower for the IoTs than the universities (DES, 2011). Almost all students study 

mathematics at leaving certificate although they can opt for three different levels in the 

mathematics examination: Higher, Ordinary and Foundation Level with Higher Level (HL) being the 

highest rated in terms of level of subject matter covered and difficulty (Faulkner et al., 2010, p. 77). 

There are more points allocated to HL grades than Ordinary Level (OL). Students who take 

Foundation Level (FL) mathematics generally do not have direct entry into higher education (CAO, 

n.d.; Faulkner et al., 2010). Between 2010 and 2015, a new mathematics curriculum was gradually 

introduced in post-ǇǊƛƳŀǊȅ ŜŘǳŎŀǘƛƻƴ ƛƴ LǊŜƭŀƴŘΦ άtǊƻƧŜŎǘ aŀǘƘǎέ ǇƭŀŎŜǎ ŀ ƎǊŜŀǘŜǊ ŜƳǇƘŀǎƛǎ ƻƴ 

mathematical understanding, real word applications and encourages greater problem solving skills 

(DES, 2011). In tandem with its implementation, students who take HL mathematics now receive 

bonus points towards entry into higher education (CAO, n.d.). Entry requirements in mathematics 
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for access to higher education ŘŜǇŜƴŘ ōƻǘƘ ƻƴ ǘƘŜ I9L ŀƴŘ ǘƘŜ ǎǘǳŘŜƴǘΩǎ ŎƻǳǊǎŜ ƻŦ ŎƘƻƛŎŜ (CAO, 

n.d.) .  

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

The NF is the Irish national body with responsibility for promoting and leading teaching and learning 

policies and initiatives in higher education (NF, n.d.-a). The Department of Education and Skills (DES) 

has highlighted the significance of a positive first-year student experience: 'failure to address the 

challenges encountered by students in their first year contributes to high drop-out and failure rates, 

with personal and system-wide implicationsΩ (DES, 2011, p. 56). The NF ǎŜƭŜŎǘŜŘ Ψ¢ŜŀŎƘƛƴƎ ŦƻǊ 

¢ǊŀƴǎƛǘƛƻƴǎΩ ŀǎ ǘƘŜƛǊ ŦƛǊǎǘ ŜƴƘŀƴŎŜƳŜƴǘ ǘƘŜƳŜΦ ¢ƘŜȅ ƛŘŜƴǘƛŦƛŜŘ ǘƘŜ Ψneed to integrate approaches to 

ōǳƛƭŘƛƴƎ ŘƛƎƛǘŀƭ ŎŀǇŀŎƛǘȅ ŀŎǊƻǎǎ ǘƘŜ ǎŜŎǘƻǊΩ as one of the principles of their roadmap for 

enhancement in a digital world (NF, 2015b, n. vii). In line with these policies, they funded a number 

of cross-sectoral research projects that aimed to support digital innovation and collaboration across 

25 HEIs (NF, n.d.-c). A subset of these research projects focussed on learning more about how 

studentsΩ transitions can be supported with digital resources. The Assessment for Learning 

Resources for First Year Undergraduate Mathematics Modules, which was the starting point for this 

PhD, was one of these NF Projects. The overarching aim of the project was the development of 

digital formative-assessment techniques to improve the teaching and learning experience of first-

year undergraduate non-specialist mathematics modules (NF, n.d.-b). Details of this project are 

outlined in the next section. 

3.4 The Assessment for Learning Resources for First Year 
Undergraduate Mathematics Modules project 

This NF-funded project was kick-started in 2015 and had a two-year duration. Its focus was on those 

students attending non-specialist mathematics modules, sometimes referred to as service 

mathematics (Faulkner et al., 2011). Service mathematics, practiced worldwide in higher education, 

is defined as Ψmathematics as taught to non-mathematics specialists and students studying science, 

ŜƴƎƛƴŜŜǊƛƴƎΣ ŀƴŘ ƻǘƘŜǊ ǘŜŎƘƴƛŎŀƭ ǎǳōƧŜŎǘǎΩ (Artigue et al., 2007). The students involved in this project 

were attending either Engineering, Computer Science, Business or Science degree programmes. 

The prior mathematics required for these courses varies across programme and institution. 

The resources developed for this NF-funded project were aimed at addressing a widely-reported 

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

specialist mathematics modules they encounter όCŀǳƭƪƴŜǊ Ŝǘ ŀƭΦΣ нлмлΣ нлмпΤ Dƛƭƭ ϧ hΩ5ƻƴƻƎƘǳŜΣ 

2007b). This has been found to impact on their ability to successfully complete their first year at 
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higher education (Liston et al., 2018), which has consequences for the targets for higher education 

set out by the Department of Education and Skills (DES, 2011). The lack of basic mathematical skills 

on entering higher education, and the resultant impact on progression and retention, has also been 

identified in an international context (J. Allen et al., 2008; Galligan et al., 2015; Liu & Whitford, 

2011; Loughlin et al., 2015; OECD, 2015; Trenholm et al., 2019; Wang, 2009). As a consequence, 

Mathematics Learning Support Centres (MLSCs) have been put in place in a large number of higher 

education institutes, across Europe, Australia and the USA (Ahmed et al., 2018; Cronin et al., 2016; 

Grove et al., 2020; Lawson et al., 2012; Mac an Bhaird et al., 2011; MacGillivray, 2009; Mills et al., 

2020; Rylands & Shearman, 2015; Schürmann et al., 2020). Lecturers have also sought to address 

this issue through the provision of technology-enhanced resources (Coupland et al., 2016; Kay & 

Kletskin, 2012; Loch et al., 2012; Mac an Bhaird et al., 2020; Trenholm et al., 2019). In addition, 

students attending first-year undergraduate mathematics modules self-select and use technology-

enhanced support resources such as YouTube videos, Khan Academy and Wolfram Alpha to support 

their mathematics learning (Anastasakis et al., 2017a; Kanwal, 2020; Ní Shé et al., 2017b).  

As a cross-sectoral project, this NF-funded project had members from two universities, Maynooth 

University (MU) and Dublin City University (DCU) and two IoTs, Dundalk Institute of Technology 

ό5ƪL¢ύ ŀƴŘ !ǘƘƭƻƴŜ LƴǎǘƛǘǳǘŜ ƻŦ ¢ŜŎƘƴƻƭƻƎȅ ό!L¢ύΦ 5Ǌ !ƴƴ hΩ{ƘŜŀΣ ŦǊƻƳ a¦Σ ǿŀǎ ǘƘŜ ǇǊƻƧŜŎǘ ƭŜŀd. 

The members of the project team, along with the main roles they had, are shown in Table 3.4.1 

below. 

Table 3.4.1: Assessment for Learning Resources for First Year Undergraduate Modules 

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

5ǊΦ !ƴƴ hΩ{ƘŜŀ MU Mathematics Project Lead and co-developed interactive 

tasks using GeoGebra. 

Dr. Ciarán Mac an 

Bhaird 

MU Mathematics Joint responsibility for overseeing research 

and developing a list of recommended freely 

available technology-enhanced resources. 

Dr. Seamus Mc 

Loone 

MU Engineering Joint responsibility for the development of 

the audience response system UniDoodle 

App. 

Christina Kelly 

(Joined April 

2015) 

MU Software 

Developer 

UniDoodle app software development. 
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Dr. Eabhnat Ní 

Fhloinn 

DCU Mathematics Joint responsibility for overseeing research 

and the development of the initial student 

and lecturer survey. 

Dr. Brien Nolan DCU Mathematics Co-developed a playlist of relevant Khan 

Academy (KA) videos and quizzes. 

Dr. Sinéad Breen DCU Mathematics Co-developed interactive tasks using 

GeoGebra. 

Dr. Conor 

Brennan 

DCU Engineering Joint responsibility for the development of 

the UniDoodle App. 

Caitríona Ní Shé 

(Joined April 

2015) 

DCU/MU PhD 

candidate 

Project researcher (under joint supervision 

of Dr. Ciarán Mac an Bhaird and Dr. Eabhnat 

Ní Fhloinn). 

Dr. Fiona Lawless DkIT Mathematics/ 

Computer 

Science 

Co-developed a playlist of relevant KA videos 

and quizzes, developed KA mastery 

challenges and student authored screencast 

teaching activity. 

Dr. Frank Doheny AIT Mathematics Developed Moodle lessons. 

  

Each of the project members selected the resources that they developed for their students and 

were responsible for the implementation of those resources within their institution. The initial 

funding period was from January 2015 to December 2016, with a no-cost extension granted until 

April 2017.  

3.5 Objective of the project and role of this researcher 

As discussed earlier, the NCΩs objective 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 first-year undergraduate non-specialist mathematics modules (Faulkner et al., 2010; 

Dƛƭƭ ϧ hΩ5ƻƴƻƎƘǳŜΣ нллтōύ. The aim of the project, as set out in the initial stages, was to identify 

mathematical topics and concepts that are problematic for those students, and to use this 

information in the development of formative assessment techniques and resources. It was intended 

that these resources, consisting of online activities and interactive tasks, would improve student 

understanding of the topics identified. A further aim was to evaluate the effectiveness of these 

resources before developing a shared digital platform for all the HEIs in Ireland (NF, n.d.-b). From 
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the outset, it was envisaged that technology-enhanced formative assessment techniques would be 

employed within the resources in order to encourage students to monitor and develop their 

understanding of the relevant problematic topics.  

Prior to the development of the resources, the project team explored the literature for definitions 

of mathematical understanding and formative assessment. ¢ƘŜ ǘŜǊƳ ΨƳŀǘƘŜƳŀǘƛŎŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎΩ 

is not well-defined, and many authors have attempted to describe it in different ways (Pirie & 

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

found in the literature, the NF-funded project group chose to work with the concept of 

ΨƳŀǘƘŜƳŀǘƛŎŀƭ ǇǊƻŦƛŎƛŜƴŎȅΩΣ ŀǎ ŘŜŦƛƴŜŘ ōȅ ǘƘŜ bŀǘƛƻƴŀƭ wŜǎŜŀǊŎƘ /ƻǳƴŎƛƭ όbw/ύ (NRC, 2001, pp. 115ς

145). The NRC defined mathematical proficiency as encompassing five interwoven and 

interdependent strands which are summarised as follows:  

¶ Ψ/ƻƴŎŜǇǘǳŀƭ ǳƴŘŜǊǎǘŀƴŘƛƴƎΥ ŎƻƳǇǊŜƘŜƴǎƛƻƴ ƻŦ ƳŀǘƘŜƳŀǘƛŎŀƭ ŎƻƴŎŜǇǘǎΣ ƻǇŜǊŀǘƛƻƴǎΣ ŀƴŘ 

relations  

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

appropriately  

¶ Strategic competence: ability to formulate, represent, and solve mathematical problems 

¶ Adaptive reasoning: capacity for logical thought, reflection, explanation, and justification 

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

worthwhile, coupled with a belief in diligŜƴŎŜ ŀƴŘ ƻƴŜΩǎ ƻǿƴ ŜŦŦƛŎŀŎȅΦΩ (NRC, 2001, p. 116). 

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.  

As stated, one of the objectives of using the resources was to use formative assessment techniques. 

In the consideration of how to support formative assessment it was first necessary to determine 

what is meant by formative assessment. While formative and summative assessment have been 

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). In their original work, Black and Wiliam defined formative assessment 

ŀǎ ǘƘŜ ǘŜŀŎƘƛƴƎ ŀƴŘ ƭŜŀǊƴƛƴƎ ŀŎǘƛǾƛǘƛŜǎ ǘƘŀǘ ǇǊƻǾƛŘŜ ƛƴŦƻǊƳŀǘƛƻƴ ƻƴ ǎǘǳŘŜƴǘǎΩ ŎǳǊǊŜƴǘ ǳƴŘŜǊǎǘŀƴŘƛƴƎ 

that can be used by either the lecturer and/or the student as feedback to modify subsequent 

activities (Black & Wiliam, 1998). In their work on integrating assessment with learning, Wiliam and 

Thompson (2008) developed a framework to help integrate formative assessment into teaching and 

ƭŜŀǊƴƛƴƎΦ ¢ƘŜȅ ŘǊŜǿ ƻƴ wŀƳŀǇǊŀǎŀŘΩǎ (1983, p. 4) ŘŜŦƛƴƛǘƛƻƴ ƻŦ ŦŜŜŘōŀŎƪΥ Ψfeedback is information 

about the gap between the actual level and the reference level of a system parameter which is used 
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to alter the gap in some wayΩΦ .ŀǎŜŘ ƻƴ ǘƘƛǎ ŘŜŦƛƴƛǘƛƻƴΣ ǘƘŜȅ ƛŘŜƴǘƛŦƛŜŘ ǘƘǊŜŜ ƛƴǎǘǊǳŎǘƛƻƴŀƭ ǇǊƻŎŜǎǎŜǎ 

that are necessary for effective feedback: (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. ΨClarifying and sharing 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 resources for one another  

5. Activating students as the owners of their own learningΩ (Wiliam & 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, 2003). Nicol and MacFarlane-Dick (2007, p. 205) 

outlined seven good feedback practices that can be used to help achieve formative assessment in 

higher education. The project team decided to use the Wiliam and Thompson (2008) framework as 

it has been well researched within the literature and the strategies align with the Nicol and 

MacFarlane-Dick (2007, p. 205) good feedback practices. The use of this framework informed the 

development of Formative Assessment section of the TeRMEd framework and is further referenced 

in Section 6.5. 

Using technology to support formative assessment is not new. Indeed, as discussed in Chapter 2, 

the FaSMEd project focussed on the use of technology in post-primary classrooms to support the 

formative assessment strategies described in the Wiliam and Thompson (2008) framework 

(FaSMEd, 2014). In higher education, Yorke (2001) noted the possibility of using technology as a 

less time-consuming method 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 al. (2011) found three functionalities of technology-supported formative 

assessment: (1) provision of formative and immediate feedback, (2) supporting engagement with 

critical learning processes, and (3) promoting equitable access. Using the affordances of technology 

to support assessment has been shown to support the following educational benefits: provision of 

a range of different types of assessments; flexibility on timing and location of assessment; improved 

student engagement especially with interactive tasks which incorporate instant feedback; and 

timely evidence on the effectiveness of course design and delivery (JISC, 2010, p. 9). The need to 

provide instant feedback to students was taken into consideration when selecting the resource 

types to be used in the NF-funded project.The first stage of the project, carried out between January 
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and April 2015, consisted of surveys of first-year students and their lecturers, who were involved in 

non-specialist mathematics modules. The objective was to establish both the mathematical 

concepts and procedures with which students have difficulty, and the resources they use or would 

like to use, to help overcome these 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 papers emerged: άProblematic topics in 

first-year mathematics: lecturer and student viewsέ (Ní Shé et al., 2017a), and ά{ǘǳŘŜƴǘǎΩ ŀƴŘ 

ƭŜŎǘǳǊŜǊǎΩ ǾƛŜǿǎ ƻƴ ƳŀǘƘŜƳŀǘƛŎǎ ǊŜǎƻǳǊŎŜǎέ (Ní Shé et al., 2017b). The outcomes of this research 

were used to inform the topics covered in the NF-funded project resources and the types of 

technologies used.  

The next stage of the project involved the development, implementation and trialling of the 

resources, with a view to their modification and subsequent re-trialling. During this phase, the team 

members were responsible for the selection and implementation of the resources they had 

developed. This researcher had responsibility for the design and development of the research 

instruments to be used. In addition, she coordinated all research activity and worked with the 

individual team members to fine-tune and finalise the research questions and instruments for each 

resource implementation. All the data was analysed by this researcher and fed back to the 

individual team members. Subsequently, some of the team members made modifications to the 

resources and second trials were implemented. In addition, one 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 Chapter 4. Once the 

evaluations were completed, the team members had no further involvement with this PhD 

ǊŜǎŜŀǊŎƘΣ ƻǘƘŜǊ ǘƘŀƴ 5ǊΦ !ƴƴ hΩ{ƘŜŀ who contributed to aspects of the classifications of the 

resources in the early stages of the development of a classification framework. This framework will 

be discussed in Chapter 6. In addition, Dr. Ciarán Mac an Bhaird and Dr. Eabhnat Ní Fhloinn were 

involved, as PhD supervisors.  

As indicated above, the two strands of mathematical proficiency, formative assessment and the 

affordances of technology, formed the basis of the design and implementation of the NF-funded 

project resources. The focus was on developing conceptual and procedural understanding of the 

topics identified from the initial survey (Ní Shé et al., 2017a). These NF-funded project resources 

will be described in the next section. 
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3.6  The NF-funded Project Resources 

As outlined above, one of the aims of the NF-funded project was to develop technology-enhanced 

formative assessments for use in first-year undergraduate non-specialist 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 indicated that 

students considered that the most problematic topics encountered in their first-year mathematics 

modules were integration, differentiation, functions, logs and limits, and that they had difficulty 

with the procedures rather than the concepts (Ní Shé et al., 2017a). However, their lecturers 

pointed to studentsΩ lack of ability in some basic algebraic skills such as the manipulation of formula 

and fractions, and solving linear and quadratic equations (Ní Shé et al., 2017a). Lecturers considered 

that the problems students reported with calculus were related to the absence of these essential 

skills, though both students and lecturers agreed that calculus procedures and using logs proved 

difficult  (Ní Shé et al., 2017a, pp. 720ς722). The topics covered in the NF-funded project resources 

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 NF-funded project, which was to provide technology-

enhanced resources that support the development of conceptual and procedural understanding, 

using formative assessment strategies that align with the Wiliam and Thompson (2008) framework 

and provide instant feedback, the following four different resources were selected and developed 

by the lecturers involved in the project:  

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 Numbas 

4. Online lessons and 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 carried out 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 student-response system designed for use in mathematics lectures. It 

currently operates on all devices running either iOS or Android. The system consists of a student 

application that allows for freeform input, through sketching capabilities; a lecturer application that 

allows easy viewing and editing of multiple sketch-based responses; and a Google App Engine cloud-

based service for co-ordinating 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 selects relevant responses, both correct and 

incorrect, to display and discuss with the class. Figure 3.6.1 shows a sample of UniDoodle screens. 

 

 Figure 3.6.1: The UniDoodle screens 

3.6.2 Khan Academy Playlists 

Khan Academy (KA) is a freely-available learning resource which provides practice exercises, 

instructional videos, and a personalized learning dashboard (Khan Academy, 2020). The KA Playlist 

was implemented in this project in two specific ways. In the first implementation, the KA material 

was used to provide students with a learning path that enabled them self-test and subsequently 

develop the most problematic mathematical skills that had been identified by the project team. The 

second implementation was used to provide a flipped classroom approach, in which the lecturer 

monitored student progress through a learning pathway, designed by the lecturer, and 

subsequently modified in the face-to-face lectures. The KA Playlists are 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. 

Figure 3.6.2. is a screengrab taken from the DCU implementation and shows the VLE interface and 

the KA video that a student has selected.  
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Figure 3.6.2: Khan Academy as implemented in DCU 

3.6.3 Interactive tasks using GeoGebra and Numbas 

GeoGebra is a freely-available dynamic mathematics software that enables the development of 

interactive mathematics resources for use in the teaching and learning of mathematics (GeoGebra, 

2020). Numbas is a web-based e-assessment system developed at Newcastle University with a 

focus on producing exam quiz packages in mathematics (Newcastle University, 2015). These two 

applications were used to develop interactive GeoGebra tasks and interactive Numbas assessments 

that were made available to students via the student VLE. Students were made aware, in class or 

via the VLE, of the availability of the relevant resource as they progressed through 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 enabling them to develop 

deeper mathematical understanding. The e-assessment allows students assess their understanding 

and provides them with opportunities to adjust this understanding. In addition, some tasks 

provided mathematical instruction and posed probing questions. Figure 3.6.3 and 3.6.4 show 

examples of an interactive GeoGebra task and a Numbas e-assessment respectively.  



 

 69  
 

 

 

Figure 3.6.3: Investigating the Horizontal Line Test using GeoGebra 

(https://www.geogebra.org/m/RrWWmS63)  

 

Figure 3.6.4: Numbas e-assessment on functions 

 

https://www.geogebra.org/m/RrWWmS63









































































































































































































































































































































































