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ABSTRACT

In this paper, we describe a classification framework which we developed
and that practitioners find useful and usable in the design and evaluation
of technology-enhanced resources and that incorporates factors which
impact on student engagement with such resources. The classifications in
the TeRMEd framework were derived from an evaluation of technology-
enhanced resources, trialed within non-specialist first-year undergraduate
mathematics modules. The theoretical foundation included a literature
review, detailed analysis of resource trials and outcomes of the resource
evaluations. Subsequently, the TeRMEd framework was evaluated by lectur-
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ers involved in the resource trials. Using the TeRMEd framework for technol-
ogy integration was shown to be beneficial in terms of both design and
evaluation. By carefully considering the classifications, practitioners can also
encourage student engagement with resources.

Introduction

Technology-enhanced resources have been used in undergraduate mathematics to support and
enhance students” learning. They are seen as a solution to some of the problems associated with
students’ levels of mathematical understanding (Bray & Tangney, 2017; Howard et al., 2018; Loch
et al., 2014). However, many question whether the affordances, or context-based pedagogical
benefits of the technology have been fully exploited to date (Bayne, 2015; Dimitriadis & Goodyear,
2013; Kirkwood & Price, 2014). Researchers within the field of mathematics education consider
the affordances of technology as being either pragmatic (where efficiencies are achieved through
increasing the speed and accuracy of computations) or epistemic (where technology helps advance
students’ understanding of mathematical concepts) (Artigue, 2002, Drijvers et al., 2016; Monaghan
et al., 2016). Other benefits of integrating technology include encouraging student engagement,
motivation, satisfaction, and self-regulated learning (Galligan et al., 2015; King & Robinson,
2009; Trenholm et al., 2012). Nevertheless, it is not always clear how best to implement
technology-enhanced resources to achieve these benefits (Conole & Alevizou, 2010; Drijvers,
2015; Henderson et al., 2017). This is, in part, due to the need for frameworks of evaluation
that can be used to consistently and comparatively examine how technologies have been suc-
cessfully integrated into education and thus use them at scale (Drijvers, 2015; King et al., 2014).
Additionally, there is a call for effective instructional design processes to be used to design
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technology integrations that exploit the pedagogical benefits of the technologies (Allen & Sites,
2012; Branch & Kopcha, 2014; Conole, 2013; Dousay, 2017; Goodyear, 2015).

In order to address these issues, we developed the Technology-enhanced Resources for
Mathematics Education (TeRMEd) framework. It acts both as a guide for lecturers in the design
and integration of technology-enhanced resources, and as a tool that facilitates the gathering of
evidence with respect to the success of the technology integration. To develop the framework,
we first identified the factors that impact on students’ successful engagement with
technology-enhanced resources by trialing the use of a variety of such resources in first-year
undergraduate non-specialist mathematics modules. The evaluations of these technology inte-
grations led to the identification of 12 factors and have been reported upon in a companion
paper (Ni Shé, Mac an Bhaird, et al., 2023). Once these had been identified, we were in a
position to use these factors to develop the TeRMEd framework. In this paper, we address the
following questions with regard to the framework:

1. How can a classification framework be developed from factors identified as impacting on
student engagement with technology - a framework that aims to support practitioners in
the design and evaluation of technology-enhanced resources?

2. In what ways, if any, do practitioners find the resultant framework, the TeRMEd frame-
work, useful and usable?

Background literature

To ensure that an effective intervention can be scaled, it is crucial to establish the indicators of
a successful intervention, and how they were measured (McKnight et al, 2000). A review of
literature revealed that there was little consistency in the design of research studies on the use
of technology in undergraduate mathematics, and for many studies it was not clear what indi-
cators were used to measure success. While studies predominantly used student and/or lecturer
views of resources through surveys, scales or questionnaires, some used recorded usage, tests
or quizzes to gauge improved student understanding (Howard et al., 2018; Jaworski & Matthews,
2011; King & Robinson, 2009; Loch et al., 2012). Other measures included class observations,
task analysis, and teacher interviews and reflections (Jaworski & Matthews, 2011; Thomas et al.,
2017). Few studies referenced a measure for usability, even though it has long been recognized
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).
We also found a lack of explicitly-situated theoretical frameworks of evaluation within this
research, which would support the evaluation and scaling of technology interventions (Drijvers,
2015; King et al., 2014).

When we searched for the integration of technology in education, we found a large number
of categorisations, frameworks, models and typologies in the literature. For simplicity, we refer
to these as “frameworks” within this paper. A review of these frameworks was undertaken to
determine their overall scope and the features of technology integrations described and classified
therein. Here, we present the frameworks that proved most relevant to our research and were
used in the development of the TeRMEd framework; a full account of our larger review can be
found in Ni Shé, Ni Fhloinn, et al. (2023).

There are several widely-reported frameworks for technology integration in the general liter-
ature, most notably the Substitution Augmentation Modification & Redefinition (SAMR),
Technological Pedagogical Content Knowledge (TPACK) and Technology Acceptance Model
(TAM) (Buchanan et al., 2013; Mishra & Koehler, 2006; Puentedura, 2006). Within mathematics
education, Bray and Tangney (2017) system of classification and the Formative assessment in
Science and Mathematics Education (FaSMEd,) (2022) framework incorporate several facets of
technology use, including the type of technology, the learning theory used and the level of
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technology integration. FaSMEd describes how the classroom use of formative assessment tech-
nology tools has been integrated into post-primary education (FaSMEd, 2022). The framework
has three interrelated dimensions: (1) agents (student, peers, teacher) who participate in formative
assessment practices; (2) strategies for formative assessment; and (3) the functionalities of the
technology.

A focus on “mathematical understanding” in the literature on educational technology in
mathematics education is reflected in the number of frameworks that describe how mathematical
learning is achieved using technology as a tool (Artigue, 2002; Kieran & Drijvers, 2016; Trgalova
et al, 2018) and how the pedagogical affordances of technology can be leveraged (Attard &
Holmes, 2020; Handal et al., 2011; Hoyles & Noss, 2009; Pierce & Stacey, 2010). For example,
Drijvers (2015) explored how mathematics students use technology to learn and how the teacher
should exploit the pedagogical benefits of the technology. He defined the following Didactical
Functions: (1) Do: the functionality related to doing mathematics, where work that could be
done by hand is completed by the technology; (2) Learn—practice skills: the functionality pro-
vided to practice skills; and (3) Learn—concepts: the functionality that supports the development
of conceptual understanding (Drijvers, 2015, p. 136). Handal et al. (2011) examined over a
hundred mathematics educational apps and categorized them into three broad classifications:
explorative, productive and instructive, with varying levels of what they called media richness
(Handal et al., 2011). Explorative apps facilitate guided discovery and simulations; instructive
apps typically focus on drill and practice; and productive apps allow students to create content
such as graphs. Media richness describes the level of control the student has over the task in
hand and the required cognitive load.

Finally, there are frameworks that refer to how technology is examined from the user (or
student in this case) perspective. Examples of these include UDL (CAST, 2018) and the Framework
for Engagement in Mathematics (FEM) (Attard & Holmes, 2020).

One aspect lacking in these frameworks is user experience evaluation, increasingly recognized
as a factor in student engagement (Hong-Meng Tai et al., 2019; O’Flaherty & Phillips, 2015),
and identified as a factor in the success of technology integration in mathematics education
(Fabian et al., 2018; Galligan et al., 2015; Lavicza, 2010; Lee, 2014; Oates, 2010). Within the
software industry, usability is often evaluated using a set of heuristics, or usability guidelines
(Molich & Nielsen, 1990). Within the last decade the UK digital education organization JISC
mapped out the features of educational technology that influence a positive user experience by
joining the notions of usability and user experience (JISC, 2015). This framework is based on
Morville’s honeycomb, which considers aspects such as how useful, usable and accessible the
technology is (Morville, 2016).

Method used to develop the TeRMEd framework

The development of the TeRMEd classification framework resulted from the outcomes of a
project funded by the National Forum for the Enhancement of Teaching and Learning in Higher
Education (NF) ‘Assessment for Learning Resources for First-Year Undergraduate Mathematics
Modules’” (NE n.d.). For the overall NF project, a set of resources was developed, trialed and
evaluated in a number of higher education institutions in Ireland. These resources (referred to
as the “NF-resources”) used technology-enhanced formative assessment techniques to enable
assessment for learning in mathematics (Ni Shé, Mac an Bhaird, et al., 2023). After the project
was completed, based on the needs we had observed during the project, the three authors of
this paper worked on developing the TeRMEd framework.

The theoretical foundation for the development of the TeRMEd framework was a literature
review, detailed descriptions of the NF-resource trials and the outcomes of the student evalua-
tions of the NF-resources (Ni Shé, Mac an Bhaird, et al., 2023). The methodology is shown in
the flowchart in Figure 1.
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Figure 1. Flowchart of the process involved in the development of the TeRMEd framework.

Steps 1 to 3 in Figure 1 identified the following 12 factors of technology integration that
impact on student engagement with the technology (Ni Shé, Mac an Bhaird, et al., 2023):

use in class
grade associated with its use
class size
student cohort
task design
purpose
instructions on use
user experience
affordances

. formative assessment
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In step 4 of the flowchart, existing evaluation frameworks were investigated to determine
how technology integration is currently classified, and whether all 12 factors identified were
contained within these frameworks. As they were not, a new classification system was developed,
the TeRMEd classification framework, which was the fifth step in the process illustrated in
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Figure 1. This was an iterative process, whereby all three authors regularly met to review and
discuss the development of the TeRMEd framework. The outcomes of the four stages of the
development of the model were repeatedly reviewed, to ensure nothing had been overlooked.
This aligns with the processes required for validity in such studies (Thomas, 2006; Worren
et al., 2002).

Once the TeRMEd framework was developed, five of the lecturers involved in the original
NF-project (which first highlighted the need for this framework) were asked for their opinions
of the framework and its potential value within their own practice. They had no involvement
in or knowledge of the development of the framework, and as such were able to respond as
independent practitioners. They were chosen for this pilot as we knew they had recent experi-
ence of implementing formative assessment using technology in their mathematics classroom.
A detailed questionnaire was sent to these lecturers (see Appendix A), and the analysis of their
responses was used to confirm the framework as an instrument for practitioners in the field.
This evaluation process provides validity in terms of a pragmatic study as suggested by Worren
et al. (2002). The questionnaire was carefully designed to elicit responses about all aspects of
the framework and structured to ensure face and content validity through examination of the
literature in this area and consultation with expert practitioners (MacGeorge et al., 2008; Pierce
et al., 2007). In order to facilitate the lecturers in engaging with the TeRMEd framework, they
were given an 11 page document, available in the doctoral thesis (Ni Shé, 2021), describing the
key features of the framework, and how the NF-resource they used in the overall project would
subsequently be classified. This narrative and visual representation of the TeRMEd classification
framework provided an extra level of validity to the study, which Worren et al. (2002) noted
as lacking in many pragmatic studies.

The quantitative aspects of the completed surveys were analyzed in Microsoft Excel and the
qualitative data was imported into NVivo for general inductive analysis according to the guide-
lines suggested by Thomas (2006). Thomas’s five step approach to inductive analysis was used
to derive themes through iterative interpretations of the raw data, a process that is readily
supported by NVivo where raw data is coded into nodes that are then linked to themes and
sub themes.

The TeRMEd framework development

Although no single existing framework encompassed all 12 factors identified above, some of
their classifications could be used to capture one or more factors, and so existing frameworks
were reviewed with this in mind when developing the TeRMEd framework. Table 1 contains a
list of the frameworks considered and a brief rationale behind the inclusion or exclusion of
their elements within the TeRMEd framework.

Having reviewed these existing frameworks, and with the aim of including all 12 factors in
the TeRMEd framework, four main “sections” were defined: Implementation; Technology; Learning;
and Formative Assessment (Figure 2). Each “section” has between one and three “categories” In
Figure 2, rectangles represent original content; ovals represent content from existing frameworks;
half/half represent content from existing frameworks modified by the authors, or some subcat-
egories developed by the authors, and some developed by others.

The Implementation section characterizes the educational setting, the didactical functions of
the technology (Drijvers, 2015) and the user experience (Buchanan et al., 2013; Molich & Nielsen,
1990; Morville, 2016; Zaharias & Poylymenakou, 2009). The technology type (FaSMEd, 2022),
and the level of cognition and user task control (Handal et al., 2011) afforded by the technology
are defined in the Technology section. The characteristics of the types of expected mathematical
proficiency (National Research Council, 2001, pp. 115 - 145) are covered in the section on
Learning. Finally, the strategies (FaSMEd, 2022) and feedback (Hattie & Timperley, 2007) sup-
ported by the resource are characterized in the Formative Assessment section.
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Table 1. Models and Frameworks used to classify technology use.

Model/Framework Purpose Included Rationale to include/exclude
Instrumental Orchestration Converts digital tools into artifacts, No Complex set of elements to describe
(Artigue, 2002; Kieran & connects technical skills & conceptual how students develop
Drijvers, 2016; Lopes & understanding required mathematical understanding. Used
Costa, 2019; Thomas by researchers - not a focus for
et al.,, 2017) practitioners.
Experimental mathematician  Provides a list of 8 ways experimental No Solely concerns specific affordances
(Borwein, 2005) mathematicians use computers of technology.

SAMR (Puentedura, 2006) Characterizes how technology tools No Focus on tasks technology supports.
adopted into existing education Technologies used by NF-resources
environment can support more than one task,

and more than one of SAMR
levels.

TPACK (Mishra & Koehler, Framework that considers intersection of No While this framework covers the

2006) teachers’ knowledge on technology, teacher knowledge requirements
pedagogy and content is key to for technology integration, it does
successful technology integration not incorporate their design and

evaluation.

Categories of digital tools. Four categories of tools: No Categorisations useful in

(Hoyles & Noss, 2009) 1. dynamic & graphical consideration of technology

2. tools that outsource processing section but did not encompass all
power inherent and pedagogical

3. new representational infrastructures affordances of technologies used

4. connectivity that supports in NF-funded project trials.
mathematics activity

Pedagogical opportunities Map of 10 pedagogical opportunities, No Concepts fruitful in developing

(Pierce & Stacey, 2010) grouped into 3 levels: educational context (classroom &

1. Task set didactics); map focusses on MAS

2. Classroom interaction technology. NF-trials implemented

3. Mathematical topic other technology types in addition
to MAS.

Mobile App categorization Categorises use of mobile apps for Yes Allows categorization of pedagogical

(Handal et al., 2011) schools based on instructional roles affordances that different
& media richness as: productive, technology types can support.
explorative, & instructive

TAM (Buchanan et al, 2013;  Theorises usage behavior of technology  Partially ~ Concept of 2 scales - considered and

Nikou & Economides, - Perceived usefulness & Perceived reflected in user experience
2017; Zogheib et al., ease-of-use section of TeRMEd framework.
2015)

Didactic Functionalities 3 didactical functions supported by Yes Suitable as classification of different

(Drijvers, 2015) technology: task types used in NF- resources.

1. Do
2. Learn — Practice Skills
3. Learn-concepts

User Experience Honeycomb  Attributes of technology deemed Partially 7 attributes considered in line with

(Morville, 2016) desirable to enhance student questionnaire items used in
experience of using technology NF-resources survey evaluations.

Bray and Tangney (2017) Technology Classification System No Learning theory & intervention aim
(general characteristics of characterizations outside scope of
technology-enhanced interventions in TeRMEd framework. Technology
mathematics education) classifications relevant but did not

adequately describe all technology
types evident in NF-funded
project resources.

Didactic Tetrahedron Examines digital tool use as interactions No Tool to understand how students

(Trgalové et al., 2018) between interact with technology to

1. tools & knowledge achieve mathematical

2. tools, knowledge & learner understanding. Used by

3. integration of tools in curriculum researchers — not a focus for
or classroom practitioners.

FEM (Attard & Holmes, 2020) 3 aspects: Pedagogical Relationships No This framework focusses on the

(between students and teachers),
Pedagogical Repertoires (teacher
day-to-day teaching practices), and
Student Engagement (factors that
support engagement)

practices of teachers and their
interactions with students. It does
not include how the technology is
designed and evaluated.

(Continued)
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Table 1. Continued.

Model/Framework Purpose Included Rationale to include/exclude

FaSMEd (2023) Characterizes aspects of secondary-level Partially ~ Focus on technologies used within
classroom use of formative classroom at secondary level.
assessment technology tools Insufficient categorisations to

include all factors identified for
NF- resources.

Figure 2. Contribution to knowledge made by the TeRMEd framework.

Figure 3 illustrates how the 12 factors are encompassed in the design of the TeRMEd frame-
work. At least one of the factors contributed to the development of each category within the
framework, and in some cases a factor contributed to more than one section.

The Implementation section is the most complex of the four and contains the only entirely
original category (“Setting”), so details of how this was developed are given below as an example
of the approach taken throughout the framework development, which is given in full in Ni Shé
(2021). The full framework (including all categories and subcategories) can be found in
Appendix B.

Implementation section of the TeRMEd framework

The Implementation section has three categories: Setting; Didactical Functions; and User
Experience, each with the subcategories shown in Table 2.

Note the numbering scheme used for the factors in the methodology section is continued
here for clarity.

Implementation - setting

As mentioned above, the category “Setting” was the only fully original one in the framework.
The sub-categories and options that stem from Setting were determined, in consultation with
the literature, as a result of the following four factors:

use in class

grade associated with its use
class size

student cohort

Ll e
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Figure 3. Encompassing the 12 factors within the TeRMEd framework.

Table 2. The TeRMEd framework: Implementation section.

Section Category Subcategory Options
Implementation Setting Student Numbers Small < 30
30 <Medium < 100
Large = 100
Situation Lecture only

Study time only
Both lecture & study time

Summative Assessment Yes
No
Student Cohort Non-specialist
Specialist
Didactical Functions Do

Learn - practise skills
Learn — concepts

Lecturer Instructions Instructions

Purpose

Instructions & Purpose

None

User Experience Navigation Likert scale (Student Survey)

Usable Likert Scale (Student Survey)
Learnability Likert Scale (Student Survey)
Accessibility Dynamic or Static
Consistency Dynamic or Static
Visual Design Dynamic or Static
Technologically ready Dynamic or Static
Useful Likert Scale (Student Survey)
Usage Recorded by technology/ lecturer

The factor ‘class size’ determined the first subcategory, Student Numbers. In the literature on
the impact of class size on student learning in higher education, there is little consensus as to
the number of students that constitute a ‘large class’ (Dean & Wright, 2017). Fischer and Grant
(1983, as cited in Cuseo, 2007, p. 7) defined small classes as 15 or fewer, medium as 16—45
and large classes as 46 or more. Alternatively, large classes were defined as ones where student
learning is negatively affected (Hornsby & Osman, 2014) or where interactions with and by
students is constrained (Dean & Wright, 2017). Based on observations during the larger NF
project on how technologies impacted within different class sizes, the Student Numbers
sub-categories were set to Small < 30, 30 <Medium < 100, and Large > 100.
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The Situation subcategory stemmed from the ‘use in class’ factor: the effect on student
engagement of using the NF-resources in prescribed class time (as demonstrated and stipulated
by the lecturer) versus in students’ own time. This subcategory aligns with the theoretical
underpinnings of instrumental orchestration, where use of the technology by students in class
with lecturers/teachers is encouraged to ensure instrumental genesis, i.e. to enable students to
be able to use educational technology effectively (Thomas et al., 2017).

The Summative Assessment subcategory was created as a result of the ‘grade associated with
its use’ factor, and evidence that suggests that students are more likely to engage in learning
assessments that contribute toward their grade (Gibbs, 2010).

The final Setting subcategory, Student Cohort, takes into account the ability and attitude of
the particular student group, and their assessment of their own need for technology-enhanced
resources. It has been shown that students taking non-specialist mathematics modules often do
not have the required mathematics level (Faulkner et al., 2010; Gill & O’Donoghue, 2007), and
the analysis of the NF-resources revealed that these students are more invested in achieving the
required grade than developing mathematical understanding.

Implementation - didactical functions

The Didactical Functions category encompasses the following three factors:

5. task design
6. purpose
7. instructions on use

It captures the need to take into account how the teacher puts the digital tool into effect.
This has been identified as important for effective technology implementations in the classroom
(Drijvers, 2015). Therefore, it is necessary to characterize the pedagogical functionality that is
enabled by teachers’ implementation of the technology. The Drijvers (2015) model of Didactical
Functionality (Do, Learn—Practice Skills, Learn—Concepts) is used to describe how the peda-
gogical functions of the resources can be exploited by the lecturers. The inclusion of didactical
functionality takes into account the need for the ‘task design’ factor. In addition, two factors
that encompass didactical practices are the need for clarity of ‘purpose’ and ‘instructions on
use¢’ of the resource. Therefore, an additional didactical function, Lecturer Instructions, was
developed for this category. This refers to the didactical practices of the lecturer - specifically,
provision of purpose and instructions - when implementing the technology. The need to consider
these didactical practices has also been discussed within the instrumental orchestration theoretical
framework (Jupri et al., 2016; Kieran & Drijvers, 2016; Thomas et al., 2017) and the didactical
tetrahedron (Trgalovd et al., 2018). The options for this sub-category are: Instructions, Purpose,
Instructions & Purpose, None.

Implementation - user experience

The third category in the Implementation section is the User Experience. This category stems
from the ‘user experience’ factor (factor 8) and refers solely to the experience of the students
in this context, and not that of the lecturer. User experience has long been a concern of the
education community with respect to the selection of educational software for use by teachers
(JISC, 2015; Squires & Preece, 1999). The addition of this category supports the belief that the
user interface impacts on student engagement, and hence learning from using the resource (Bond
& Bedenlier, 2019). There are many different usability and user experience factors that have
been investigated in the development and use of technology in education (Buchanan et al., 2013;
Molich & Nielsen, 1990; Morville, 2016; Zaharias & Poylymenakou, 2009), all of which were
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consulted when developing the subcategories of the User Experience of the TeRMEd classification
framework. These were used in the development of the nine User Experience subcategories,
which are described below:

o Navigation: Learners can navigate their way around resource without seeking help

o Usable: Learner’s perception of how easy-to-use they find resource

o Learnability: Learner’s perception of how their learning has been enhanced using resource

o Accessibility: Resource is accessible and follows UDL principles

o Consistency: Consistency of terminology, design and functionality within resource

o Visual Design: Screen is easy to read, and information is placed in optimal places to attract
learners’ attention

o Technologically ready: Resource is free from technical problems

o Useful: Learners’ perception of how useful they find resource within the context

o Usage: Percentage of learners who used resource

Practitioners can use the TeRMEd framework to both plan and evaluate technology-enhanced
resources that they intend using in the support of students’ learning. In the planning stage,
when a practitioner is considering how to integrate a resource, they can use the TeRMEd frame-
work to design the features of technology that best support their learners’ needs. However, the
User Experience category cannot be fully completed until after the resource has been imple-
mented, in the evaluation stage. This is because four of the subcategories stem directly from
four items that are to be asked of students (in anonymous surveys) after they have utilized the
technology integration. These four items are: Navigation; Usable; Learnability and Useful. For
example, the percentage of students who were positive about how easy to use they found a
resource will be the value for the Usable subcategory. The Usage subcategory is the percentage
of students who used the technology as recorded either electronically or by the lecturer them-
selves. This data will be entered into the framework to facilitate the practitioner in their con-
sideration of how effective the technology integration has been, and what changes might be
required for future integrations.

The remaining options for the User Experience subcategories are set by a static/dynamic
value, which indicates whether the feature is controlled by the product designer (static) or the
lecturer (dynamic). For example, the Accessibility subcategory will be static when the technology
used cannot be modified by the lecturer and dynamic if it can be.

TeRMEd framework validation

Having developed the TeRMEd framework, we then conducted a pilot validation process, involving
five of the members of the original NF-project, all of whom had recently implemented
technology-enhanced resources in their teaching. There were three different resources trialed within
the NF-project: UniDoodle—an audience response system with free-form input for use in math-
ematics lectures; Khan Academy (KA) playlists and mastery challenges implemented via Moodle;
and a suite of interactive tasks using GeoGebra and Numbas. Two of the lecturers had run separate
UniDoodle trials, referred to as UD1 and UD2; two were involved in three different Khan Academy
trials, of which one managed KA1l and KA2, and the other managed KA3; and one who was
involved in two GeoGebra trials. Students’ usage of the resources had been recorded and their
opinions of the resources were sourced from student surveys, so these were used to fulfill the
User Experience aspect of the TeRMEd framework. Each of the five lecturers were sent a completed
version of the TeRMEd framework for the NF-resource they implemented, so that they could see
how the various sections and categories would apply to their implementation.

The aim of the TeRMEd framework validation was to determine if the lecturers found the
TeRMEd framework both useful, in terms of it being relevant to their practice, and usable, in
terms of their intention to use it in future technology integrations. Note that validation here
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refers to the provision of a sound basis for practitioners in the design and evaluation of
technology-enhanced resources.

In the first instance, lecturers were asked if they had taken each of the categories and sub-
categories into account prior to the development of the trial of their NF-resource, selecting Yes/
No/Unsure on a range of items. The items were grouped according to the TeRMEd framework
sections, and at the end of each section, they were asked to comment where relevant (Ni
Shé, 2021).

Figure 4 illustrates that, while not every category was taken into account in every trial, every
category had been considered by at least one lecturer.

Furthermore, the relevance of categories that had not been considered prior to the integration
of the resource was evident in lecturer comments. For example, the KAl and KA2 lecturer
commented that she had no control over some user experience categories, such as accessibility.
This response validates the choice to provide a ‘static’ and ‘dynamic’ option within the frame-
work. Also of note is that, while the UD2 lecturer may not have been familiar enough with the
Didactical Practices to select that he had considered them, his remarks illustrated that he had,
in fact, done so: ‘Specifically, what concepts would benefit most from being addressed in this
graphical manner, and how to best phrase questions to ensure that students would use their visual
understanding of the mathematical concept’ (UD2 lecturer).

Similar results were found for each of the Technology, Learning, and Formative Assessment
sections, with at least one lecturer (and generally three or four) agreeing that they had taken
each category into account in advance. The only exception to this was the “adaptive reasoning”
category of the Learning section, where two lecturers said no and the others were unsure.
However, comments made by the lecturers in this case showed that they had taken it into
account but were unsure of the terminology.

Secondly, lecturers were asked whether they would have predicted the outcomes of the survey
contained in the User Experience categories of student opinions and usage: the lecturers, with
a few exceptions, agreed that they would (Figure 5).

Figure 4. Practitioners’ responses to the Implementation section. Note: the KA3 lecturer did not provide a response for
“Learnability”.
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Figure 5. Lecturers’ surprise or otherwise on students’ opinions.

Lecturers were asked to comment on any discrepancies; their remarks indicated that the data
would help them reconsider how they had integrated the technology. For example, the UD2
lecturer expressed concern that many students had not rated Learnability highly (Ni Shé, 2021).
He remarked that students may not have liked to be forced into engaging graphically and visually
with mathematics, ‘but (I) am a little surprised that more students did not see the value of it.
Despite having given considerable time to the development of tasks, the lecturer goes on to say
that ‘Perhaps this is my fault for not reinforcing the concepts well enough during the exercises.
The use of the evaluations within the TeRMEd framework has prompted this lecturer to reflect
on his teaching.

Another example involved the KA3 trial. Although he considered that KA was easy to navigate,
the KA3 lecturer was not surprised that students stated they found it hard to navigate, ‘... While
students tend to need some instruction in navigating new platforms, they seem to be able to do so
when there is a strong incentive, e.g. because CA marks are at stake’ (KA3 lecturer). He went on
to suggest that he may use continuous assessment (CA) in future integrations of this resource.

All the lecturers stated that the values within the User Experience classification, generated
from the student survey data, would drive future technology integrations, ‘In future implemen-
tations I would reexamine the classifications and consider whether anything could be done to
improve on the values in some subcategories where values were low or missing (GeoGebra lecturer).

Thirdly, lecturers were asked whether the categories and subcategories of the TeRMEd frame-
work had helped them identify factors that they should have taken, or would in the future take,
into consideration to improve student engagement. Once again, all pointed to one or more
category or subcategory. For example, the UDI1 lecturer had not considered all the strands of
Mathematical Proficiency and expressed his desire to consider them in the future, ‘I would like
to see if I can use the UniDoodle resource to capture more than just the ‘conceptual understand-
ing”. The lecturer in GeoGebra trials said she had not considered how Feedback Direction might
impact on student engagement and that ‘activat(ing) students as instructional resources for each
other...could propagate the learning taking place or enable peer teaching (learning). Specifically,
the framework had made the lecturers think about these aspects, for example ‘I wasn’t familiar
(or hadn’t really thought about) the various sub-aspects within these sections’ (UD1 lecturer).

Lastly, the lecturers’ comments indicated that they found the TeRMEd framework valuable in
numerous ways. Firstly, one felt that ‘The framework is very comprehensive and allows one to
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compare various tools on many different aspects/using many different criteria’ (GeoGebra lecturer).
Another liked that ‘It provides a useful design tool that I would take into consideration for future
use of KA or other resources’ (KA3 lecturer). The UD2 lecturer considered it useful for ‘Sharing
of experience between practitioners to ensure best practice! Finally, the UDI lecturer stated that ..
if I have the document in front of me with the detailed breakdown of categories, it would focus my
mind on a range of aspects to consider in the use of any new resource I would consider using.

Discussion and conclusion

We have shown that the use of the TeRMEd framework for technology integration within
undergraduate mathematics education is beneficial in terms of both design and evaluation.
Practitioners expend considerable time developing such resources (Quinn et al., 2015; Trenholm
et al., 2015, 2016); the TeRMEd framework can help ensure that this work is put to best effect.
It enabled the lecturers to reflect on their practice and focus on the decisive factors that encour-
age student engagement with technology-enhanced resources. There are certain limitations with
this validation of the TeRMEd framework. All five participants were based in Irish HE and each
commented on a completed version of the TeRMEd framework. In practice, they themselves
would complete the TeRMEd framework themselves. The following discussion should be viewed
under the lens of these limitations.

The TeRMEd framework addresses issues identified in the literature; taking advantage of the
pedagogical benefits of technology (Bond & Bedenlier, 2019; Conole, 2013; Goodyear, 2015);
using consistent frameworks of evaluation (Drijvers, 2015, King et al., 2014) and supporting
practitioners in instructional design (Conole, 2013; Goodyear, 2015). It also addresses the need
to focus attention on the educational setting, the didactical practices and the design of the
technology use, a need identified by Drijvers (2015). In addition, the variation in usage and
student opinion of the technology in use are captured, in order to evaluate the technology
integration. Practitioners can use this information to redesign future iterations of the technology
integrations.

While many of the classifications of the TeRMEd framework can be completed prior to the
integration of the technology within a mathematics module, a number of user experience sub-
categories are populated using student evaluations (Table 2). It is this unique feature of the
classification framework that enables the practitioner to reflect on the success or otherwise of
the technology integration from their students’ point of view. When presented with the TeRMEd
framework classification and user experience evaluations of the NF resources, the lecturers
involved in the pilot validation voiced surprise at some of the evaluation data. As a result, they
plan to make modifications to some of technology integration features contained within the
TeRMEd framework classifications, specifically those that predict more successful engagement
with the resources. While these recommendations with respect to technology integration have
been acknowledged in the literature (Bond & Bedenlier, 2019; Drijvers, 2015; Thomas et al.,
2017), practitioners may not be overtly aware of them. Indeed, the provision of the detailed
feedback classification within the TeRMEd framework can help practitioners carefully design
feedback interventions to ensure students’ performance is enhanced rather than attenuated, as
has been shown in prior studies (Hattie & Timperley, 2007; Kluger & DeNisi, 1996). Thus,
including these features in a framework such as the TeRMEd framework means that practitioners
will have them to hand when developing resources.

An emphasis on instructional design processes that support effective pedagogical practices is
considered essential in enabling educators to leverage the affordances of technology (Conole,
2013; Goodyear, 2015; Laurillard, 2012). Indeed, it has been found that design which exploits
the pedagogical affordances of technology enhances student engagement (Yang et al., 2018). By
embedding pedagogical practices that are known to support student engagement with technology
within the TeRMEd framework, practitioners can use the framework to support their
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instructional design process. All the lecturers indicated they would use the TeRMEd framework
when planning future uses of technology within their teaching. Some suggested that they were
unaware of certain pedagogical features, such as Didactical Functions, and the various strands
of Mathematical Proficiency. The use of the TeRMEd framework has prompted them to further
investigate these pedagogical practices for future technology integrations.

One of the key additions of the TeRMEd framework to the discourse on how best to integrate
technologies in education is the inclusion of ‘User Experience’ as a category. Features such as
the usability and learnability of course materials are increasingly recognized as having an impact
on student engagement (Bond & Bedenlier, 2019; JISC, 2015; Squires & Preece, 1999; Zaharias
& Poylymenakou, 2009). There is increasing recognition that instructional design needs to take
on aspects of software design, such as a focus on user experience requirements (Adnan &
Ritzhaupt, 2018; Svihla, 2018). Indeed, in the recent Irish National Digital Experience (INDEx)
Survey, one of the key findings was student requests for consistency and improved navigability
across the institutional VLEs (NE 2020). It is thus timely to include such features in a classi-
fication framework such as the TeRMEd framework.

Further research into its practicability as a resource to support the design and implementation of
effective resources is an obvious next step. Indeed, it could prove valuable to investigate the relative
benefits of using the TeRMEd framework, before or after a first implementation of a resource.

Finally, the TeRMEd classification framework that emerged from this research could be used
in a wider context, not only within other higher education mathematics contexts, but in other
disciplines. Many of the categories and subcategories defined within the TeRMEd framework
can apply, with some minor adjustment, to any technology integrated into education. For
example, the didactical functions could be replaced by pedagogical opportunities that are per-
tinent to the specific discipline, such as when podcasts are used to support language learning
with authentic materials (Rosell-Aguilar, 2007). The Learning section currently contains only
mathematics-specific material, but could instead contain categories of the discipline-specific
understanding or learning required: for example, in language learning, there may be a reference
to grammatical skills, vocabulary (Alqahtani, 2015) and communicative competence (Canale,
1983). Further consultation with discipline-specific experts and research literature in those areas
is required to modify the TeRMEd classification framework for such use. The modified form
of the TeRMEd framework could then be used and evaluated in future technology integration
projects undertaken in those disciplines.

Acknowledgments

The authors would like to thank the National Forum for the Enhancement of Teaching and Learning in Higher
Education (https://www.teachingandlearning.ie/) who funded the original project, and we also thank the original
project team members who, in addition to developing the resources, were also involved at different stages of the
evaluations. In particular, we would like to thank Professor Ann O’Shea who led the project and who provided
invaluable feedback on the initial stages of the framework development.

Ethics statement

The study included the participation of students from Dublin City University, Dundalk Institute of Technology, and
Maynooth University, Ireland. The students volunteered to participate and provided their consent via the institu-
tions’ ethical approval processes. The study was performed according to the ethics and research standards proce-
dures that were in place at the time at both institutions.

Disclosure statement

No author associated with this paper has any potential or pertinent conflicts which may be perceived to have an
impending conflict with this work.


https://www.teachingandlearning.ie/

JOURNAL OF RESEARCH ON TECHNOLOGY IN EDUCATION 15

ORCID

Caitriona Ni Shé http://orcid.org/0000-0002-6592-0276
Eabhnat Ni Fhloinn http://orcid.org/0000-0002-3840-2115
Ciaran Mac an Bhaird http://orcid.org/0000-0001-5971-7709

Data availability statement

Authors elect to not share data - Research data are not shared.

Notes on contributors

Dr. Caitriona Ni Shé received her PhD in Mathematics Education in 2021. Her research involved the investigation
of the use of technology-enhanced resources to support formative assessment in undergraduate Mathematics. Her
current role as an academic developer, in the Centre for Academic Practice in Trinity College Dubin, involves the
development and delivery of evidence based professional development for academic staff. Caitriona’s research inter-
ests have included students’ use of technology in undergraduate education, effective online teaching, design think-
ing as a methodology for instructional design, and more recently using curriculum design frameworks for discipline
based curriculum design.

Dr. Eabhnat Ni Fhloinn is an Associate Professor in the School of Mathematical Sciences and the Director of DCU
Maths Learning Centre. Her research interests lie in the area of mathematics education, with particular focus on
the transition from post-primary mathematics to higher education; mathematics support in higher education; math-
ematics diagnostic testing of incoming university students; mathematics for engineers; and assessment in mathematics.

Ciardn Mac an Bhaird is an Associate Professor and Director of the Mathematics Support Centre in the Department
of Mathematics and Statistics at Maynooth University. He has received multiple awards in recognition of his teach-
ing and support of students. He is chair of the Irish Mathematics Learning Support Network and Education Officer
of the British Society for the History of Mathematics. His research focusses on mathematics education, the history
of mathematics, and occasionally algebraic number theory.

References

Adnan, N. H.,, & Ritzhaupt, A. (2018). Software engineering design principles applied to instructional design: What
can we learn from our sister discipline? TechTrends, 62(1), 77-94. https://doi.org/10.1007/s11528-017-0238-5
Allen, M., & Sites, R. (2012). Leaving ADDIE for SAM: An agile model for developing the best learning. American
Society for Training and Development.

Algahtani, M. (2015). The importance of vocabulary in language learning and how to be taught. International
Journal of Teaching and Education, III(3), 21-34. https://doi.org/10.20472/TE.2015.3.3.002

Artigue, M. (2002). Learning mathematics in a CAS environment: The genesis of a reflection about instrumentation
and the dialectics between technical and conceptual work. International Journal of Computers for Mathematical
Learning, 7(3), 245-274. https://doi.org/10.1023/A:1022103903080

Attard, C., & Holmes, K. (2020). “It gives you that sense of hope™ An exploration of technology use to mediate
student engagement with mathematics. Heliyon, 6(1), €02945. https://doi.org/10.1016/j.heliyon.2019.e02945

Bayne, S. (2015). What’s the matter with “technology enhanced learning”? Learning, Media and Technology, 40(1),
5-20. https://doi.org/10.1080/17439884.2014.915851

Bond, M., & Bedenlier, S. (2019). Facilitating student engagement through educational technology: Towards a con-
ceptual framework. Journal of Interactive Media in Education, 2019(1), 1-14. https://doi.org/10.5334/jime.528

Borwein, J. M. (2005). The experimental mathematician: The pleasure of discovery and the role of proof. International
Journal of Computers for Mathematical Learning, 10(2), 75-108. https://doi.org/10.1007/s10758-005-5216-x

Branch, R. M., & Kopcha, T. J. (2014). Instructional design models. In J. Spector, M. Merrill, J. Elen, & M. Bishop
(Eds.), Handbook of research on educational communications and technology (pp. 77-87). Springer. https://doi.
org/10.1007/978-1-4614-3185-5_7

Bray, A., & Tangney, B. (2017). Technology usage in mathematics education research — A systematic review of
recent trends. Computers & Education, 114, 255-273. https://doi.org/10.1016/j.compedu.2017.07.004

Buchanan, T., Sainter, P., & Saunders, G. (2013). Factors affecting faculty use of learning technologies: Implications
for models of technology adoption. Journal of Computing in Higher Education, 25(1), 1-11. https://doi.org/10.1007/
$12528-013-9066-6

Canale, M. (1983). From communicative competence to communicative language pedagogy. In J. C. Richards & R.
W. Schmidt (Eds.), Language and Communication (pp. 2-14). Longman.


https://doi.org/10.1007/s11528-017-0238-5
https://doi.org/10.20472/TE.2015.3.3.002
https://doi.org/10.1023/A:1022103903080
https://doi.org/10.1016/j.heliyon.2019.e02945
https://doi.org/10.1080/17439884.2014.915851
https://doi.org/10.5334/jime.528
https://doi.org/10.1007/s10758-005-5216-x
https://doi.org/10.1007/978-1-4614-3185-5_7
https://doi.org/10.1007/978-1-4614-3185-5_7
https://doi.org/10.1016/j.compedu.2017.07.004
https://doi.org/10.1007/s12528-013-9066-6
https://doi.org/10.1007/s12528-013-9066-6

16 (&) C.NISHEETAL.

CAST (2018). UDL: The UDL guidelines. http://udlguidelines.cast.org/

Conole, G. (2013). Designing for learning in an open world. In J. M. Spector & S. LaJoie (Eds.), Explorations in
the learning sciences, instructional systems and performance technologies. Springer.

Conole, G., & Alevizou, P. (2010). A literature review of the use of Web 2.0 tools in Higher Education Table of Contents.

Cuseo, J. (2007). The empirical case against large class size: Adverse effects on the teaching, learning, and retention of
first-year students. The Journal of Faculty Development, 21(1), 5-21. https://www.researchgate.net/publication/228378064

Dean, K. L., & Wright, S. (2017). Embedding engaged learning in high enrollmentlecture-based classes. Higher
Education, 74(4), 651-668. https://doi.org/10.1007/s10734-016-0070-4

Dimitriadis, Y., & Goodyear, P. (2013). Forward-oriented design for learning: Illustrating the approach. Research in
Learning Technology, 21, 1-13. https://doi.org/10.3402/rlt.v21i0.20290

Dousay, T. (2017). Instructional design models. In R. E. West (Ed.), Foundations of learning and instructional design
technology. PRESSBOOKS. https://lidtfoundations.pressbooks.com/chapter/instructional-design-models/

Drijvers, P. (2015). Digital technology in mathematics education: Why it works (or doesn’t). In S. J. Cho (Ed.),
Selected regular lectures from the 12th international congress on mathematical education (pp. 135-151). Springer
Cham. https://doi.org/10.1007/978-3-319-17187-6

Drijvers, P, Ball, L., Barzel, B,, Heid, M. K,, Cao, Y., & Maschietto, M. (2016). Uses of technology in lower secondary math-
ematics education: A concise topical survey. Springer Cham. https://doi.org/10.1007/978-3-319-33666-4

Fabian, K., Topping, K. J., & Barron, I. G. (2018). Using mobile technologies for mathematics: Effects on student
attitudes and achievement. Educational Technology Research and Development, 66(5), 1119-1139. https://doi.
org/10.1007/s11423-018-9580-3

FaSMEd. (2022). FaSMEd framework - FaSMEd toolkit. https://microsites.ncl.ac.uk/fasmedtoolkit/theory-for-fa/
the-fasmed-framework/

Faulkner, F, Hannigan, A., & Gill, O. (2010). Trends in the mathematical competency of university entrants in
Ireland by leaving certificate mathematics grade. Teaching Mathematics and Its Applications, 29(2), 76-93. https://
doi.org/10.1093/teamat/hrq002

Galligan, L., McDonald, C., & Hobohm, C. (2015). Conceptualising, implementing and evaluating the use of digital
technologies to enhance mathematical understanding: Reflections on an innovation-development cycle. In J.
Lock, P. Redmond, & P. A. Danaher (Eds.), Educational developments, practices and effectiveness (pp. 137-160).
Palgrave Macmillan. https://link.springer.com/chapter/10.1057/9781137469939_8

Gibbs, G. (2010). Using assessment to support student learning. Leeds Met Press. http://eprints.leedsbeckett.ac.uk/id/
eprint/2835/1/

Gill, O, & O’Donoghue, J. (2007). Service mathematics in Irish universities: Some findings from a recent study.
Adults Learning Mathematics, 2, 6-19.

Goodyear, P. (2015). Teaching as design. HERDSA Review of Higher Education, 2, 27-50. http://www.herdsa.org.au/
wp-content/uploads/HERDSARHE2015v02p27.pdf

Handal, B., El-Khoury, J., Campbell, C., & Cavanagh, M. (2011). A framework for categorising mobile applications
in mathematics education. In P. Newitt (Ed.), Proceedings of the Australian conference on science and mathemat-
ics education 2013 (pp. 142-147).

Hattie, J., & Timperley, H. (2007). The power of feedback. Review of Educational Research, 77(1), 81-112. https://
doi.org/10.3102/003465430298487

Henderson, M., Selwyn, N., & Aston, R. (2017). What works and why? Student perceptions of “useful” digital
technology in university teaching and learning. Studies in Higher Education, 42(8), 1567-1579. https://doi.org/10
.1080/03075079.2015.1007946

Hong-Meng Tai, J., Bellingham, R., Lang, J., & Dawson, P. (2019). Student perspectives of engagement in learning
in contemporary and digital contexts. Higher Education Research ¢ Development, 38(5), 1075-1089. https://doi.
org/10.1080/07294360.2019.1598338

Hornsby, D. J., & Osman, R. (2014). Massification in higher education: Large classes and student learning. Higher
Education, 67(6), 711-719. https://doi.org/10.1007/s10734-014-9733-1

Howard, E., Meehan, M., & Parnell, A. (2018). Live lectures or online videos: Students’ resource choices in a
first-year university mathematics module. International Journal of Mathematical Education in Science and
Technology, 49(4), 530-553. https://doi.org/10.1080/0020739X.2017.1387943

Hoyles, C., & Noss, R. (2009). The technological mediation of mathematics and its learning. Human Development,
52(2), 129-147. https://doi.org/10.1159/000202730

Jaworski, B., & Matthews, J. (2011). Developing teaching of mathematics to first year engineering students. Teaching
Mathematics and Its Applications, 30(4), 178-185. https://doi.org/10.1093/teamat/hrr020

JISC (2015). Usability and user experience | Jisc. JISC Guide. https://www.jisc.ac.uk/guides/usability-and-user-experience

Jupri, A., Drijvers, P, & Van den Heuvel-Panhuizen, M. (2016). An instrumentation theory view on students’ use
of an Applet for Algebraic substitution. International Journal for Technology in Mathematics Education, 23(2),
63-80. https://doi.org/10.1564/tme_v23.2.02

Kieran, C., & Drijvers, P. (2016). Digital technology and mathematics education: Core ideas and key dimensions of
Michele Artigue’s theoretical work on digital tools and its impact on mathematics education research. In B. R.
Hodgson, A. Kuzniak, & J.-B. Lagrange (Eds.), The didactics of mathematics: Approaches and issues (pp. 123-142)
Springer Cham. hittps://doi.org/10.1007/978-3-319-26047-1_6


http://udlguidelines.cast.org/
https://www.researchgate.net/publication/228378064
https://doi.org/10.1007/s10734-016-0070-4
https://doi.org/10.3402/rlt.v21i0‌.20290
https://lidtfoundations.pressbooks.com/chapter/instructional-design-models/
https://doi.org/10.1007/978-3-319-17187-6
https://doi.org/10.1007/978-3-319-33666-4
https://doi.org/10.1007/s11423-018-9580-3
https://doi.org/10.1007/s11423-018-9580-3
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://doi.org/10.1093/teamat/hrq002
https://doi.org/10.1093/teamat/hrq002
https://link.springer.com/chapter/10.1057/9781137469939_8
http://eprints.leedsbeckett.ac.uk/id/eprint/2835/1/
http://eprints.leedsbeckett.ac.uk/id/eprint/2835/1/
http://www.herdsa.org.au/wp-content/uploads/HERDSARHE2015v02p27.pdf
http://www.herdsa.org.au/wp-content/uploads/HERDSARHE2015v02p27.pdf
https://doi.org/10.3102/003465430298487
https://doi.org/10.3102/003465430298487
https://doi.org/10.1080/03075079.2015.1007946
https://doi.org/10.1080/03075079.2015.1007946
https://doi.org/10.1080/07294360.2019.1598338
https://doi.org/10.1080/07294360.2019.1598338
https://doi.org/10.1007/s10734-014-9733-1
https://doi.org/10.1080/0020739X.2017.1387943
https://doi.org/10.1159/000202730
https://doi.org/10.1093/teamat/hrr020
https://www.jisc.ac.uk/guides/usability-and-user-experience
https://doi.org/10.1564/tme_v23.2.02
https://doi.org/10.1007/978-3-319-26047-1_6

JOURNAL OF RESEARCH ON TECHNOLOGY IN EDUCATION 17

King, M., Dawson, R., Batmaz, F, & Rothberg, S. (2014). The need for evidence innovation in educational tech-
nology evaluation. In J. Uhomoibi, P. Linecar, S. Barikzai, M. Ross, & G. Staples (Eds.), Proceedings of INSPIRE
XIX: Global Issues in IT Education (pp. 9-23). https://dspace.lboro.ac.uk/dspace-jspui/handle/2134/15754

King, S. O., & Robinson, C. L. (2009). ‘Pretty Lights’ and Maths! Increasing student engagement and enhancing
learning through the use of electronic voting systems. Computers & Education, 53(1), 189-199. https://doi.
0rg/10.1016/j.compedu.2009.01.012

Kirkwood, A., & Price, L. (2014). Technology-enhanced learning and teaching in higher education: What is “en-
hanced” and how do we know? A critical literature review. Learning, Media and Technology, 39(1), 6-36. https://
doi.org/10.1080/17439884.2013.770404

Kluger, A. N., & DeNisi, A. (1996). The effects of feedback interventions on performance: A historical review, a
meta-analysis, and a preliminary feedback intervention theory. Psychological Bulletin, 119(2), 254-284. https://doi.
org/10.1037/0033-2909.119.2.254

Laurillard, D. (2012). Teaching as a design science: Building pedagogical patterns for learning and technology. Routledge.

Lavicza, Z. (2010). Integrating technology into mathematics teaching at the university level. ZDM, 42(1), 105-119.
https://doi.org/10.1007/s11858-009-0225-1

Lee, J. (2014). An exploratory study of effective online learning: Assessing satisfaction levels of graduate students
of mathematics education associated with human and design factors of an online course. International Review of
Research in Open and Distance Learning, 15(1), 111-132.

Loch, B., Gill, O., & Croft, T. (2012). Complementing mathematics support with online MathsCasts. ANZIAM
Journal, 53, 561. https://doi.org/10.0000/anziamj.v53i0.4984

Loch, B, Jordan, C. R, Lowe, T. W., & Mestel, B. D. (2014). Do screencasts help to revise prerequisite mathemat-
ics? An investigation of student performance and perception. International Journal of Mathematical Education in
Science and Technology, 45(2), 256-268. https://doi.org/10.1080/0020739X.2013.822581

Lopes, J. B., & Costa, C. (2019). Digital resources in science, mathematics and technology teaching - How to con-
vert them into tools to learn. In M. A. Tsitouridou, J. Diniz, & T. Mikropoulos (Eds.), Technology and innovation
in learning, teaching and education. TECH-EDU 2018. Communications in computer and information science (vol.
993, pp. 243-255) Springer Cham. https://doi.org/10.1007/978-3-030-20954-4_18

MacGeorge, E. L., Homan, S. R., Dunning, J. B, Elmore, D., Bodie, G. D., Evans, E., Khichadia, S., Lichti, S. M.,
Feng, B., & Geddes, B. (2008). Student evaluation of audience response technology in large lecture classes.
Educational Technology Research and Development, 56(2), 125-145. https://doi.org/10.1007/s11423-007-9053-6

McKnight, C., Magid, A., Murphy, T. J., & McKnight, M. (2000). Mathematics education research: A guide for the
research mathematician. American Mathematical Society.

Mishra, P, & Koehler, M. J. (2006). Technological pedagogical content knowledge: A framework for teacher knowl-
edge. Teachers College Record, 108(6), 1017-1054. https://doi.org/10.1111/j.1467-9620.2006.00684.x

Molich, R., & Nielsen, J. (1990). Improving a human-computer dialogue. Communications of the ACM, 33(3), 338-
348. https://doi.org/10.1145/77481.77486

Monaghan, J., Trouche, L., & Borwein, J. M. (2016). Tools and mathematics: Instruments for learning. Springer
International Publishing.

Morville, P. (2016). User experience honeycomb. Intertwingled. https://intertwingled.org/user-experience-honeycomb/

National Forum for the Enhancement of Teaching and Learning in Higher Education. (n.d.). Assessment for learning
resources for first year undergraduate mathematics modules. https://www.teachingandlearning.ie/project/
assessment-for-learning-resources-for-first-year-undergraduate-mathematics-modules/

National Forum for the Enhancement of Teaching and Learning in Higher Education. (2020). Irish national digital
experience (INDEx) survey: Findings from students and staff who teach in higher education. https://www.
teachingandlearning.ie/publication/irish-national-digital-experience-index-survey-findings-from-students-a
nd-staff-who-teach-in-higher-education/

National Research Council. (2001). Adding it Up: Helping children learn mathematics. In J. Kilpatrick, J. Swafford, & B.
Findell (Eds.), The National Academies Press. The National Academies Press. https://doi.org/10.17226/9822

Ni Shé, C. (2021). Students’ engagement with technology-enhanced resources in first year non-specialist undergraduate
mathematics modules [Unpublished doctoral dissertation]. Dublin City University. https://doras.dcu.ie/26199/

Ni Shé, C, Mac an Bhaird, C., & Ni Fhloinn, E. (2023). Factors that influence student engagement with
technology-enhanced resources for formative assessments in first-year undergraduate mathematics. International
Journal of Mathematical Education in Science and Technology. https://doi.org/10.1080/0020739X.2023.2182725

Ni Shé, C., Ni Fhloinn, E., & Mac an Bhaird, C. (2023). Student engagement with technology-enhanced resources
in mathematics in higher education: A review. Mathematics, 11(3), 787. https://doi.org/10.3390/math11030787

Nikou, S. A., & Economides, A. A. (2017). Mobile-based assessment: Investigating the factors that influence behav-
ioral intention to use. Computers ¢ Education, 109, 56-73. https://doi.org/10.1016/j.compedu.2017.02.005

O’Flaherty, J., & Phillips, C. (2015). The use of flipped classrooms in higher education: A scoping review. The
Internet and Higher Education, 25, 85-95. https://doi.org/10.1016/j.iheduc.2015.02.002

Oates, G. (2010). Integrated technology in undergraduate mathematics: Issues of assessment. Electronic Journal of
Mathematics and Technology, 4(2), 162-174.

Pierce, R., & Stacey, K. (2010). Mapping pedagogical opportunities provided by mathematics analysis software. International
Journal of Computers for Mathematical Learning, 15(1), 1-20. https://doi.org/10.1007/s10758-010-9158-6


https://dspace.lboro.ac.uk/dspace-jspui/handle/2134/15754
https://doi.org/10.1016/j.compedu.2009.01.012
https://doi.org/10.1016/j.compedu.2009.01.012
https://doi.org/10.1080/17439884.2013.770404
https://doi.org/10.1080/17439884.2013.770404
https://doi.org/10.1037/0033-2909.119.2.254
https://doi.org/10.1037/0033-2909.119.2.254
https://doi.org/10.1007/s11858-009-0225-1
https://doi.org/10.0000/anziamj.v53i0.4984
https://doi.org/10.1080/0020739X.2013.822581
https://doi.org/10.1007/978-3-030-20954-4_18
https://doi.org/10.1007/s11423-007-9053-6
https://doi.org/10.1111/j.1467-9620.2006.00684.x
https://doi.org/10.1145/77481.77486
https://intertwingled.org/user-experience-honeycomb/
https://www.teachingandlearning.ie/project/assessment-for-learning-resources-for-first-year-undergraduate-mathematics-modules/
https://www.teachingandlearning.ie/project/assessment-for-learning-resources-for-first-year-undergraduate-mathematics-modules/
https://www.teachingandlearning.ie/publication/irish-national-digital-experience-index-survey-findings-from-students-and-staff-who-teach-in-higher-education/
https://www.teachingandlearning.ie/publication/irish-national-digital-experience-index-survey-findings-from-students-and-staff-who-teach-in-higher-education/
https://www.teachingandlearning.ie/publication/irish-national-digital-experience-index-survey-findings-from-students-and-staff-who-teach-in-higher-education/
https://doi.org/10.17226/9822
https://doras.dcu.ie/26199/
https://doi.org/10.1080/0020739X.2023.2182725
https://doi.org/10.3390/math11030787
https://doi.org/10.1016/j.compedu.2017.02.005
https://doi.org/10.1016/j.iheduc.2015.02.002
https://doi.org/10.1007/s10758-010-9158-6

18 (&) C.NISHEETAL

Pierce, R., Stacey, K., & Barkatsas, A. (2007). A scale for monitoring students’ attitudes to learning mathematics
with technology. Computers & Education, 48(2), 285-300. https://doi.org/10.1016/j.compedu.2005.01.006

Puentedura, R. R. (2006). Transformation, technology, and education: Ruben R. Puentedura Ph. D. Hippasus. http://
hippasus.com/resources/tte/

Quinn, D., Albrecht, A., Webby, B., & White, K. (2015). Learning from experience: The realities of developing
mathematics courses for an online engineering programme. International Journal of Mathematical Education in
Science and Technology, 46(7), 991-1003. https://doi.org/10.1080/0020739X.2015.1076895

Reeves, T. C., Benson, L., Elliott, D., Grant, M., Holschuh, D., Kim, B, Kim, H., Lauber, E., Loh, S. (2002). Usability and
instructional design heuristics for e-learning evaluation. Proceedings of the ED-MEDIA 2002 World Conference on
Educational Multimedia, Hypermedia & Telecommunications. http:/files.eric.ed.gov/fulltext/ED477084.pdf

Rosell-Aguilar, E (2007). Top of the pods - In search of a podcasting “podagogy” for language learning. Computer
Assisted Language Learning, 20(5), 471-492. https://doi.org/10.1080/09588220701746047

Squires, D., & Preece, J. (1999). Predicting quality in educational software: Evaluating for learning, usability and the
synergy between them. Interacting with Computers, 11(5), 467-483. https://doi.org/10.1016/S0953-5438(98)00063-0

Svihla, V. (2018). New trends or just good designs. In R. E. West (Ed.), Foundations of learning and instructional
design technology. PRESSBOOKS. https://pressbooks.pub/lidtfoundations/chapter/design-thinking/

Thomas, D. R. (2006). A general inductive approach for analyzing qualitative evaluation data. American Journal of
Evaluation, 27(2), 237-246. https://doi.org/10.1177/1098214005283748

Thomas, M. O. ], Hong, Y. Y., & Oates, G. (2017). Innovative uses of digital technology in undergraduate mathe-
matics. In E. Faggiano, F. Ferrara, & A. Montone (Eds.), Innovation and technology enhancing mathematics edu-
cation: Perspectives in the digital era (pp. 109-136) Springer Cham. https://doi.org/10.1007/978-3-319-61488-5_6

Trenholm, S., Alcock, L., & Robinson, C. L. (2012). Mathematics lecturing in the digital age. International Journal of
Mathematical Education in Science and Technology, 43(6), 703-716. https://doi.org/10.1080/0020739X.2011.646325

Trenholm, S., Alcock, L., & Robinson, C. L. (2015). An investigation of assessment and feedback practices in fully
asynchronous online undergraduate mathematics courses. International Journal of Mathematical Education in
Science and Technology, 46(8), 1197-1221. https://doi.org/10.1080/0020739X.2015.1036946

Trenholm, S., Alcock, L., & Robinson, C. L. (2016). The instructor experience of fully online tertiary mathematics:
A challenge and an opportunity. Journal for Research in Mathematics Education, 47(2), 147-161. https://doi.
org/10.5951/jresematheduc.47.2.0147

Trgalova, J., Clark-Wilson, A., & Weigand, H.-G. (2018). Technology and resources in mathematics education. In
T. Dreyfus, M. Artigue, D. Potari, S. Prediger, & K. Ruthven (Eds.), Developing research in mathematics education
(1st ed., pp. 142-161) Routledge. https://www.taylorfrancis.com/chapters/technology-resources-mathematics-educa
tion-jana-trgalova-alison-clark-wilson-hans-georg-weigand/e/10.4324/9781315113562-12

Worren, N., Moore, K., & Elliott, R. (2002). When theories become tools: Toward a framework for pragmatic va-
lidity. Human Relations, 55(10), 1227-1250. https://doi.org/10.1177/0018726702055010082

Yang, D., Lavonen, J. M., & Niemi, H. (2018). Online learning engagement: Critical factors and research evidence
from literature. Themes in Science & Technology Education, 11(1), 1-22.

Zaharias, P, & Poylymenakou, A. (2009). Developing a usability evaluation method for e-learning applications:
Beyond functional usability. International Journal of Human-Computer Interaction, 25(1), 75-98. https://doi.
org/10.1080/10447310802546716

Zogheib, B., Rabaai, A., Zogheib, S., & Elsaheli, A. (2015). University student perceptions of technology use in mathemat-
ics learning. Journal of Information Technology Education: Research, 14, 417-438. https://doi.org/10.28945/2315

Appendices

Appendix A. Practitioner survey

Question

Q1 Email address

Q2 | consent to partaking in this study

Q3 Implementation Section: Did you take the following into account when planning the use of the
resource? [Student Numbers]

Q4 Implementation Section: Did you take the following into account when planning the use of the
resource? [Situation]

Q5 Implementation Section: Did you take the following into account when planning the use of the
resource? [Summative Assessment]

Q6 Implementation Section: Did you take the following into account when planning the use of the
resource? [Student Cohort]

Q7 Implementation Section: Did you take the following into account when planning the use of the

resource? [Didactical Practice of Do, Learn - Practice Skills or Learn Concepts]
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Appendix A. Continued.

Question

Q8

Q9

Q10
Qn
Q12
Q13
Q14
Q15
Q16
Q17
Q18
Q19
Q20
Q21
Q22
Q23
Q24
Q25
Q26
Q27
Q28
Q29
Q30
Q31
Q32

Q33

Q34
Q35
Q36
Q37
Q38

Q39

Implementation Section: Did you take the following into account when planning the use of the
resource? [The necessity to specifically inform students of the value of engaging with the resource]

Implementation Section: Did you take the following into account when planning the use of the
resource? [The provision of a set of instructions on the use of the resource]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Running a dedicated class on the use of the resource]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Navigation]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Usable]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Learnability]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Accessibility]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Consistency]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Visual Design]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Technologically Ready]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Useful]

Implementation Section: Did you take the following into account when planning the use of the
resource? [Usage]

Please qualify any of your responses to the above question if you have something that you would like
to add. Refer to the particular item if it is relevant.

Technology Section: Did you take the following into account when planning the use of the resource?
[The type of tool you planned to use]

Technology Section: Did you take the following into account when planning the use of the resource?
[Whether the tool was instructive, explorative or productive?]

Please qualify any of your responses to the above question if you have something that you would like
to add

Learning Section: Did you take any of the following strands of learning into account when planning
the use of the resource? [Conceptual Understanding]

Learning Section: Did you take any of the following strands of learning into account when planning
the use of the resource? [Procedural Fluency]

Learning Section: Did you take any of the following strands of learning into account when planning
the use of the resource? [Strategic Competence]

Learning Section: Did you take any of the following strands of learning into account when planning
the use of the resource? [Adaptive Reasoning]

Learning Section: Did you take any of the following strands of learning into account when planning
the use of the resource? [Productive Disposition]

Please qualify any of your responses to the above question if you have something that you would like
to add.

Formative Assessment strategies category: Did you take any of the following strategies into account
when planning the use of the resource? [Clarifying and sharing learning intentions]

Formative Assessment strategies category: Did you take any of the following strategies into account
when planning the use of the resource? [Engineering effective classroom discussion]

Formative Assessment strategies category: Did you take any of the following strategies into account
when planning the use of the resource? [Providing immediate feedback]

Formative Assessment strategies category: Did you take any of the following strategies into account
when planning the use of the resource? [Activating students as instructional resources for one
another]

Formative Assessment strategies category: Did you take any of the following strategies into account
when planning the use of the resource? [Activating students as owners of own learning]

Please qualify any of your responses to the above question if you have something that you would like
to add.

Feedback category: Did you take into account the type and direction of feedback when planning your
use of the resource [Feedback Types]

Feedback category: Did you take into account the type and direction of feedback when planning your
use of the resource [Feedback Direction]

Please qualify any of your responses to the above question if you have something that you would like
to add

Select which of the responses best describes your reaction to each of the values calculated from the
student data, and input into the User Experience category of the TeRMEd framework. [Navigation]

(Continued)
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Appendix A. Continued.

Question

Q40 Select which of the responses best describes your reaction to each of the values calculated from the
student data, and input into the User Experience category of the TeRMEd framework. [Usable]

Q41 Select which of the responses best describes your reaction to each of the values calculated from the
student data, and input into the User Experience category of the TeRMEd framework. [Learnability]

Q42 Select which of the responses best describes your reaction to each of the values calculated from the
student data, and input into the User Experience category of the TeRMEd framework. [Useful]

Q43 Select which of the responses best describes your reaction to each of the values calculated from the
student data, and input into the User Experience category of the TeRMEd framework. [Usage]

Q44 Navigation: Please explain what you would have expected your students to say about navigating your
resource. How does this differ from the results of the survey?

Q45 Usable: Please explain what you would have expected your students to say about the usability of your
resource. How does this differ from the results of the survey?

Q46 Learnability: Please explain what you would have expected your students to say about whether the

resource enhanced their learning of mathematics for the module. How does this differ from the
results of the survey?

Q47 Useful: Please explain what you would have expected your students to say about how useful they
found the resource for learning mathematics. How does this differ from the results of the survey?

Q48 Usage: Please indicate roughly what percentage of your students you would have expected to use the
resource. How does this differ from the results of the survey?

Q49 Answer the following question if you had a different opinion than your students, for any of the values.

Can you explain why student views on the resources was different than you anticipated? Refer to
the particular value if it is relevant.

Q50 Did the TeRMEd framework enable you identify any factors, relating to the use of the
technology-enhanced resource you trialed, that you had not previously considered

Q51 If you answered yes, please indicate which of the TeRMEd factors you had not considered and why not

Q52 Do you think that you missed anything when planning the use of your resource that might have

improved the outcomes of students’ use of the resource now that you have examined the TeRMEd
classifications?

Q53 If so, what were they?

Q54 How might the examination of the TeRMEd classifications of your resource that you completed as part
of this survey impact on your plans for future implementations of this resource?

Q55 Please comment on any aspect of the TeRMEd framework that you think might contribute to its
success as a tool for you in the future

Q56 Please add any other comments you may have that relate to this research

This table contains the questions asked of five lecturers who had been involved in the development of the NF-funded project
resources.
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Appendix B. TeRMEd framework

Section Category Subcategory Options
Implementation Setting Student numbers Small < 30
30 <Medium < 100
Large = 100
Situation Lecture only

Study time only
Both lecture & study time

Summative assessment Yes
No

Student cohort Non-specialist
Specialist

Didactical Functions Do
Learn - practise skills
Learn — concepts

Lecturer instructions Instructions
Purpose
Instructions & purpose
None
User Experience Navigation Likert scale
Usable Likert scale
Learnability Likert scale
Accessibility Dynamic or static
Consistency Dynamic or static
Visual design Dynamic or static
Technologically ready Dynamic or static
Useful Likert scale
Usage Recorded by technology/ lecturer
Technology Type Communication tool
MAS
CAA

Instructional material
Cognition and Task  Productive

Control Explorative
Instructive
Learning Mathematical Conceptual Understanding
Proficiency Procedural fluency

Strategic competence
Adaptive reasoning
Productive disposition

Formative Formative Clarifying and sharing learning Yes/No
Assessment Assessment intentions
Strategies Engineering effective Yes/No

classroom discussion
Providing immediate feedback Yes/No
Activating students as Yes/No
instructional resources for
one another
Activating students as owners  Yes/No
of own learning
Feedback Feedback type Feedback about task (FT)
Feedback about process (FP)
Feedback about self-regulation (FR)
Feedback about self (FS)
Feedback direction Lecturer to student
Technology to student
Student to student

Note: Where an ‘Options’ value does not apply the cell has been left empty and shaded grey.
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