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In the years prior to the COVID-19 pandemic, there was considerable innovation in
designing and implementing teaching and learning with technology in fully online, face-to-
face and blended modes. To provide an overview of technology-enhanced learning in higher
education, we conducted a systematic literature review following PRISMA guidelines of
digital innovations in learning designs between 2014 and 2019, prior to emergency remote
teaching responses to the COVID-19 pandemic. From 130 publications, we identified eight
overlapping categories of digital technologies being deployed across higher education
fields: simulation and augmented or virtual reality; Web 2.0; learning management systems;
mobile learning; gamification and serious games; various technologies in classrooms;
massive open online courses; and other software, websites, applications and cloud
computing. We use these publications, supplemented with findings from selected meta-
analyses and systematic reviews of specific technologies, as examples to guide educators
designing technology-enhanced learning activities in changing circumstances that may
require blended or fully online delivery. As the 130 publications had mixed perceived
quality, levels of evidence and details of learning designs and evaluation presented, we
suggest educators share their innovations following reporting guidelines relevant to their
research methodologies, enabling others to consider transferability to other contexts and
to build on their work.

Implications for practice or policy:

e Leaders and administrators should support staff development of technological
pedagogical content knowledge and teaching as design for student learning.

e Educators and instructional designers, in designing learning experiences, should
consider adult learning theories, inclusive practices and digital equity and leverage
multiple technologies to facilitate students learning their curricula.

e In educational research or scholarship of teaching and learning, researchers should
provide sufficient detail to enable readers to assess transferability to their own
contexts.

Keywords: cooperative and collaborative learning, learning communities, online learning,
blended learning, technology-enhanced learning, teaching and learning strategies,
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Introduction

Since the final decades of the 20th century, higher education (HE) academics, instructional designers and
educational technologists have been innovating with technology-supported learning designs, with
development and diffusion of innovation growing in pace and scale in the 21st century (Shen & Ho, 2020;
Zawacki-Richter & Latchem, 2018). Over 4 decades to 2016, there has been a shift from computer-assisted
learning (CAL) for individual instruction in classrooms to using networked computers and hand-held
devices for communication and collaborative learning in face-to-face, online and blended learning
environments (Zawacki-Richter & Latchem, 2018). Developments over the last 1 or 2 decades include
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audience-response systems in classrooms (Castillo-Manzano et al., 2016), augmented reality (AR, Garzon
& Acevedo, 2019), virtual reality (VR, Radianti et al., 2020), mobile learning (m-learning, Sung et al., 2016),
social network sites (Rodriguez-Hoyos et al., 2015) and massive open online courses (MOQCs, Lee et al.,
2019). The COVID-19 pandemic has highlighted the importance of the HE sector being able to respond to
students’ needs using technology to support emergency remote teaching during unpredictable lockdowns
(Hodges et al., 2020), in which HE staff worked from home and students studied online through learning
management systems (LMSs) using synchronous and asynchronous online communication tools
(Crawford et al., 2020). Skilful use of these tools is also essential for ongoing online programs (Saikat et
al., 2021) and in the return to blended or hybrid learning environments (Thompson et al., 2021).

This article presents the results of a systematic review of pre-pandemic (2014-2019) literature on digital
innovation in learning and teaching design across all broad fields of HE. This extends related work
examining technology use in particular fields of education, such as health professional education
(Grimwood & Snell, 2020) and anatomy education (Clunie et al., 2017), and provides additional years of
publications not included in broad reviews of technology-enhanced learning (TEL) using a critical lens from
2005 to 2010 (Kirkwood & Price, 2014), bibliometric analysis from 1990 to July 2018 (Shen & Ho, 2020) or
content analysis of titles and abstracts from one journal from 1976 to 2016 (Zawacki-Richter & Latchem,
2018), while avoiding emergency remote teaching responses to the pandemic addressed by other reviews
(Crawford et al., 2020; Saikat et al., 2021). This article provides a broader overview than systematic
reviews and meta-analyses of specific platforms or technologies, such as MOOCs (Davis et al., 2018) and
mobile devices (Sung et al., 2016), or specific learning designs including flipped classroom (Hew et al.,
2021).

Thus, the research question of this article was: What were digital innovations in HE, and how were they
used in TEL designs, as reported in peer-reviewed publications from 2014 to 2019? To describe the
characteristics of publications included in this review, the research sub-questions were as follows:
(1) In which countries were the innovations implemented?
) In which fields of education were the innovations implemented?
(3) What types of research methodologies were used?
) What levels of evidence were reported?
) What evaluative information was reported?

The value in addressing these questions is to provide a broad overview and systematic organization of
empirical evidence available regarding digital innovation prior to the pandemic in 2020, enabling
educators to explore technologies and learning designs that may be relevant to their contexts, and
researchers and administrators to compare and contrast these findings to practices emerging during the
pandemic (e.g., Butler-Henderson et al., 2021) that exacerbated pre-existing inequities (Willems et al.,
2019), thus providing a baseline for future research and guidance to improve the reporting of evidence
and evaluation in future studies.

We begin with a presentation of the theoretical frameworks for the study, followed by the methods of
the systematic review. We then present a summary of characteristics of publications included in this
review, the digital innovations and TEL designs they reported by technology categories, discussing these
in the context of meta-analyses and other systematic reviews of specific technologies, concluding with
implications for teaching practice and reporting future findings.

Theoretical background
We draw on four theoretical frames to guide the sample and analysis of manuscripts: digital innovation,

teaching as design for student learning, Kirkpatrick’s (1959) levels of evidence as adapted for HE contexts
(Praslova, 2010) and Cook and Ellaway’s (2015) TEL evaluation framework.
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Digital innovation

The term innovation is frequently used loosely across industries, and therefore it was important to have
a guiding definition to provide boundaries for the scope of this review. Relevant definitions include “an
idea, practice, or object that is perceived as new by an individual or other unit of adoption” (Rogers, 2003,
as cited in Kim & Jang, 2014, p. 206); and an “idea or item which is novel to a particular individual or group,
and [...] the change which results from the adoption of the object or idea” (Evans & Leppmann, 1970, as
cited in Donnelly, 2019, p. 305). In the present review, a digital innovation in learning design is a
technology that was introduced or used in a novel way by HE staff in their own learning and teaching
practice, then evaluated and reported through publication.

Teaching as design for student learning

Developing teaching and learning activities incorporating technology is a design activity. Phases of
teaching include planning, interaction (teaching), reflection and evaluation, with design occurring across
this lifecycle (Goodyear, 2015). Designing for learning “rarely involves the creation of brand-new things —
more often, it involves selections of existing things and their configuration into new assemblages”
(Goodyear, 2015, p. 32). Teachers set curriculum and intended learning outcomes, design learning
activities and assessment tasks, select resources including technologies, respond to feedback, seek to
continually improve and adopt and sustain practices and technologies, within the constraints of
disciplinary norms and university and accreditation requirements (Bennett et al., 2018). Such design
activity requires technological pedagogical content knowledge, not only knowledge of technology,
pedagogy and the content to be taught but also the two- and three-way intersections of these knowledge
domains (Mishra & Koehler, 2006), or more simply, integrated knowledge of how to use technology to
help students achieve specific learning goals (Saubern et al., 2020). Teachers’ learning designs may be
documented and shared for others to adapt to their context (Bennett et al., 2018), including through
educational research or scholarship of teaching and learning publications (Boshier, 2009).

Levels of evidence

The Kirkpatrick levels of evidence (1959, as cited in Praslova, 2010) were devised for businesses to
evaluate training programs and have been modified for many contexts including HE. The four levels and
examples are:
1. Reaction. Satisfaction, enjoyment, usefulness and useability of technology, self-perception of
learning.
2. Learning. Measured learning (knowledge, skills or attitudes), such as through pre- and post-
implementation tests, possibly compared to a control group.
3. Behaviour. Transfer of learning to other contexts, such as other courses, work-integrated
learning (WIL), internships or employment.
4. Results. System-level impacts on institutions, communities or society (Praslova, 2010).

Levels 1 and 2 happen within the course, whereas Levels 3 and 4 typically occur in subsequent courses or
beyond formal learning (Praslova, 2010). We added Level 0: Engagement, for learning analytics data,
although the new world Kirkpatrick model and a few other adaptations include engagement in Level 1
(Allen et al., 2022). Conceptually, students must engage with learning resources and activities to have
opinions of (Level 1), learn from (Level 2) and apply (Level 3) them. Furthermore, considering actual usage
(Level 0) separate to reactions (Level 1) conceptually links to adoption of technological innovation models
including the technology acceptance model or unified theory of acceptance and use of technology.
Engagement data is actual usage, which is influenced by perceived usefulness, usability, social influences
from teachers or peers, and facilitating conditions (Venkatesh, 2003).

TEL evaluation framework

The Cook and Ellaway (2015) framework for evaluating TEL consists of seven data collection and reporting
categories: (a) needs analysis and environmental scan; (b) goals, processes, decisions and product; (c)
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testing of usability; (d) implementation; (e) participant opinions (Kirkpatrick Level 1); (f) learning
outcomes (Kirkpatrick Levels 2, 3 and/or 4); and (g) cost and sustainability. This framework is broader than
Kirkpatrick’s, which largely focuses on outcomes. Together, these enable a more comprehensive
assessment of the use of the technology in the learning design.

Methods
Search strategy

The study adopted the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA)
method (Moher et al., 2009) for publication selection. The databases EBSCO, Informit, Ovid, ProQuest,
Scopus and Web of Science were searched in September 2019 and again in July 2020 to capture the rest
of 2019, with a resultant combined date range of 1/1/2014 to 31/12/2019, using the following keyword
string: [Digital OR electronic OR elearning OR e-learning OR online OR blended OR environment OR
ecology OR mobile OR virtual OR “mixed reality” OR “augmented reality”] AND [Design OR development])
AND [Teaching OR learning OR pedagogy OR curriculum]) AND [“Higher education” OR tertiary OR
university OR college]) AND [Innovate OR innovation OR innovating]. The search string for each database
is presented in Appendix A.

The search string was developed through discussion amongst the authors and trialled, including reviewing
keywords from some publications identified with initial search strings. A few specific terms (e.g., mixed
reality or augmented reality) were added to capture studies where authors may not have also used more
generic terms such as electronic or mobile. All results (n = 7,064) were exported into an EndNote library,
duplicates (n = 1,753) eliminated and records for screening (n = 5,311) transferred into Covidence,
systematic review software that applies the PRISMA method (Figure 1).

Selection procedure

Inclusion criteria for the systematic review were peer-reviewed publications including journal articles,
conference papers or book chapters, available freely online or through institutional subscriptions in full-
text English, which reported empirical research or a review thereof in an HE context of one or more
technologies used in learning designs. Exclusion criteria were opinion pieces, commentaries, editorials,
conceptual innovations or descriptions of innovations without any empirical evidence. Titles and abstracts
were single-screened (n = 5,311) (Figure 1), with each of us screening between 617 and 2,368 publications.
Full-texts were single-reviewed for eligibility (n = 557), with each of us reviewing between 92 and 202
publications. At each stage, if the screener or reviewer was uncertain if criteria were met, it was
progressed to the next phase. A second review of included full-texts took place during data extraction (n
= 130), with each of us writing a brief narrative summary and extracting information from between 23
and 39 of the included publications, as described below. Differences of opinion on whether to include or
exclude were resolved through discussion or a third reviewer, who was another of us.

Data extraction and quality assessment

One of us extracted levels of evidence and TEL evaluation framework information (Cook & Ellaway, 2015)
for all included publications. Data extracted from each publication in the final sample consisted of:
e citation, reference and publication type
e country where teaching took place, or if not specified, country of the first author’s institution,
and later categorised by geographic region as per the United Nations Statistics Division (2021),
for Research sub-question 1
e disciplines, later categorised by two-digit level field of education codes (UNESCO Institute for
Statistics, 2015), for Research sub-question 2
e type of research methodologies and quality rating as per the Mixed Methods Appraisal Tool
(MMAT, Hong et al., 2018) or the Quality Assessment Tool for Theory and Literature (QATTL,
Crawford et al., 2023), for Research sub-question 3
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e |evels of evidence using a modified Kirkpatrick model for HE (Praslova, 2010), for Research sub-
question 4

e evaluation information about context and implementation of the digital innovation and learning
design using a TEL evaluation framework (Cook & Ellaway, 2015), for overarching research
qguestion and Research sub-question 5

e digital innovations and technologies (later thematically grouped into categories) and learning
designs used, for overarching research question

o format of course (face-to-face, blended, and/or online)

e number and type of participants (students, staff and/or others).

s Records identified through database .
.0 . . Duplicates removed
= searching, total (n = 7,064), Ovid (n = 2,380), > (n=1,753)
5&-’ Web of Science (n = 2,076), Scopus (n = 902), ’
=]
- EBSCO (n = 841), Informit (n = 696), ProQuest
O (n=169)

v
o0 .
£ Records (title and Records excluded
s >
@ abstract) screened (n = 4,754)
S (n=5,311)
wv
=
= Full-text publications Full-text publications excluded,
-'u% assessed for eligibility > with reasons
w (n =557) (n=427)

e 260 studies were out of
¢ scope
e 167 studies with no full-text

§ Studies included in available in English
2 qualitative synthesis
£ (n =130)

Figure 1. PRISMA diagram of literature search and systematic review processes (after Moher et al.,
2009)

MMAT facilitates quality assessment of empirical studies with (1) qualitative methods; quantitative
methods including (2) randomised controlled trials, (3) non-randomised comparative and (4) descriptive
studies; and (5) mixed methods. There are five questions for each of these five categories which are
answered yes/no; qualitative or quantitative publications with 0 or 1 yes answers (0 or 20% of possible
yes answers) were rated low, 2 or 3 (40% or 60%) medium and 4 or 5 (80% or 100%) high, to create three
categories with two scores each. For mixed methods studies, the qualitative, relevant quantitative and
mixed methods questions are used, for a total of 15 questions; publications with 0 to 4 yes answers (0 to
27% of possible yes answers) were rated low, 5 to 9 (33% to 60%) medium and 10 to 15 (67% to 100%)
high, creating three categories with five or six scores each. As MMAT is not appropriate for non-empirical
publications, QATTL was used to assess the quality of non-empirical publications (reviews) included in this
study. There are 15 criteria, each scored 0, 1 or 2 for the criterion being not met, partially met or fully met
respectively; 0%—32% was rated low, 33%—66% medium and 67%—100% high (the above-defined MMAT
low, medium and high category percentages align with these QATTL percentages). One of us rated all
included publications using MMAT or QATTL and another of us or a research assistant completed a second
set of ratings, compared with a correlation coefficient (Pearson’s r). A Mann-Whitney U test (a non-
parametric version of an independent samples t test) was used to compare MMAT quality ratings of
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included conference papers and journal articles, as the Shapiro-Wilk test indicated data were not normally
distributed. IBM SPSS Statistics version 28 was used for statistical analyses.

Analysis of manuscripts

Digital innovations and technologies described in each publication and identified during extraction were
iteratively grouped into categories discussed amongst us. A final set of eight overlapping categories was
agreed, and one of us subsequently reviewed each publication and identified which category or categories
were central. Extracted information on digital innovations and learning designs and their contexts were
repeatedly read and used to write narrative summaries of innovations in each of these eight categories.
Exemplars were chosen from included publications, with greater representation from publications rated
high or medium quality. All publications are listed in Appendix B together with selected summary
information.

Results and discussion

The study selection PRISMA method (Figure 1) resulted in the inclusion of 130 publications, consisting of
two book chapters, 26 conference papers and 102 journal articles, collectively from 39 countries or areas
(Research sub-question 1, Table 1) and all broad fields of education (Research sub-question 2, Table 2).
Various research methodologies were used (Research sub-question 3, Table 3).

At least one Kirkpatrick level of evidence was presented in all but six publications (Research sub-question
4, Table 4), with many including two or three levels of evidence; and across the publications wide varieties
of evidence were presented in Levels 0, 1 and 2 (Appendices B and C). Information related to TEL
evaluation using Cook and Ellaway’s (2015) framework was presented in all publications (Research sub-
question 5, Table 5) and ranged from one to all seven categories per publication. Most publications
included needs analysis, processes, participant experiences and implementation, but the amount of detail
was variable across publications with many providing only superficial information (Appendices B and C).
The delivery mode of courses was blended (n = 62 publications), online (n = 38), face-to-face (n = 28) or
not described (n = 10); the total exceeds 130 due to some publications describing more than one delivery
mode (e.g., a course available in blended or fully online modes) or reviews describing more than one
delivery mode (Appendix B). Nearly half of the included publications were rated low quality using MMAT
(Appendix C).

Using innovation-related search terms resulted in only a small percentage of publications on TEL in HE
being included, but eliminating these terms resulted in over 70,000 publications, too many for manual
screening. Therefore, to put the included publications in a broader context, targeted database and hand
searches were conducted for systematic reviews and meta-analyses of the digital innovation categories
from selected top-ranked journals in Scimago Journal & Country Rank education subject category (Review
of Educational Research, Computers & Education, Educational Researcher and Educational Research
Review) and Australasian Journal of Educational Technology. The following sections provide a narrative
summary of 65 included publications (85% of high, 67% of medium and 26% of low-quality publications)
selected to illustrate the types of digital innovations, learning designs and findings reported,
supplemented with chosen meta-analyses and other systematic reviews of specific technologies.

To address the overarching research question, digital innovations and technologies implemented in
learning designs in included studies were classified into eight categories of technology: simulation, AR and
VR (n =46); web 2.0 including blogs, microblogs, social media and wikis (n = 39); LMS (n = 22); m-learning
(n = 22); gamification and serious games (n = 18); technology in classrooms (n = 16); MOOCs (n=10); and
other software, websites, applications and cloud computing (n = 35). Many publications reported on
technologies from two (n = 43) or more (n = 15) categories, and some technologies span categories, such
as mobile AR; hence, the total exceeds the number of included publications. Summaries and examples of
their use in learning designs follows.
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Simulation, AR and VR provide innovative technological approaches to learning and teaching. These
technologies overlap: AR combines physical reality and VR, which is a computer-generated simulation of
a three-dimensional environment. These technologies improve student confidence (Stewart-Lord, 2016)
and the attainment of learning outcomes (Deng et al., 2018; Gamo, 2019) when implemented with various
pedagogies including collaborative learning designs (Phon et al., 2014). A meta-analysis found large
learning gains from AR for undergraduates (d = 0.83) across 18 publications (Garzén & Acevedo, 2019).
Part of the appeal of AR, VR and simulations is their capacity to facilitate authentic learning through
providing models of environments in which students’ skills will ultimately be applied (Matthew & Butler,
2017). For example, virtual WIL for construction management students studying online was enabled by
360-degree images of construction sites over time supplemented with additional photos, video interviews
with experts and building plans presented via guided online learning activities (Quinn et al., 2019).

Table 1

Geographic regions and countries or areas in which studies were conducted

Geographic Country or area No. (percentage) of No. of publications
region publications (region) (country or area)
Europe 42 (32%)
Spain 15
United Kingdom 12
Portugal 5
Ireland 3
France, Italy 2 each
Belgium, Czech Repubilic, Finland, 1 each
Germany, Hungary,
Netherlands, Russian
Federation, Serbia, Ukraine
Americas 34 (26%)
United States of America 23
Brazil, Canada, Mexico 3 each
Chile, Ecuador, Trinidad and 1 each
Tobago
Oceania 32 (25%)
Australia 32
New Zealand 1
Asia 27 (21%)
China 5
China — Hong Kong Special 4
Administrative Region
Malaysia, Thailand, Turkey 3 each
Cyprus, Kazakhstan 2 each
India, Iran, South Korea, Qatar, 1 each
State of Palestine
Africa 5 (4%)
South Africa 3
Ethiopia, Morocco 1 each

Note. Totals exceed the number of publications (130) because teaching occurred in two or more countries or areas in
many publications. Geographic regions, countries and areas are as per the United Nations Statistics Division (2021).
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Table 2
Fields of education at two-digit code level (UNESCO Institute for Statistics, 2015) of included studies
Field of education No. (percentage) of publications
Education (01) 32 (25%)
Health and welfare (09) 31 (24%)
Engineering, manufacturing and construction (07) 27 (21%)
Arts and humanities (02) 16 (12%)
Natural sciences, mathematics and statistics (05) 15 (12%)
Business, administration and law (04) 14 (11%)
Information and communication technologies (06) 9 (7%)
Social sciences, journalism and information (03) 7 (5%)
Generic programs and qualifications (00) 5 (4%)
Services (10) 5 (4%)
None specified 3(2%)
Agricultural, forestry, fisheries and veterinary (08) 2 (2%)

Note. Totals exceed the number of publications (130) because many included two or more fields of education.

Table 3
Research methods as per the Mixed Methods Appraisal Tool (MMAT, Hong et al., 2018)

Study category Category of quantitative study or No. No.
quantitative component of mixed methods  (percentage) (percentage)
studies of publications  of publications

Mixed methods 58 (45%)

Descriptive 46 (35%)
Non-randomised comparative 10 (8%)
Randomised controlled trial 2 (2%)
Quantitative 45 (35%)
Descriptive 28 (22%)
Non-randomised comparative 15 (12%)
Randomised controlled trial 2 (2%)
Qualitative 22 (17%)
Review 5 (4%)
Table 4
Kirkpatrick levels of evidence of included studies

Level No. (percentage) of publications

Level 0 (Engagement) 27 (21%)

Level 1 (Reaction) 113 (87%)

Level 2 (Measured learning outcomes) 44 (34%)

Level 3 (Behaviour) 2 (2%)

Level 4 (Results) 5 (4%)

Note. Totals exceed the number of publications (130) because many publications included two or more levels of
evidence.

Simulations, VR and AR allow science, technology, engineering and mathematics (STEM) students to
visualise abstract scientific concepts, engage in experiential learning, apply theoretical knowledge and
investigate phenomena not possible in typical university teaching laboratories (Arici et al., 2019). Virtual
and remote laboratories are typically less expensive, more accessible and safer than conventional physical
laboratories (Heradio et al., 2016). For example, engineering students learned to operate complex robotic
equipment in a simulated environment without damaging expensive machinery (Li et al., 2018). Computer
science students gained experience in a cloud-based virtual cybersecurity laboratory platform with virtual
machines and network, which supported self-paced learning and personalised adaptive instruction based
on data mining of student learning behaviour in the system analysed with machine learning (Deng et al.,
2018).
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Table 5
Cook and Ellaway (2015) evaluation framework information presented in included studies
Evaluation component No. (percentage) of publications
Needs analysis 123 (95%)
Processes 114 (88%)
Usability testing 24 (18%)
Implementation 115 (88%)
Participant experiences (Kirkpatrick Level 1) 113 (87%)
Learning outcomes (Kirkpatrick Levels 2, 3 and/or 4) 50 (38%)
Cost and/or sustainability 46 (35%)

Note. Totals exceed the number of publications (130) because many publications included two or more evaluation
components.

Simulation allows health students to interact with virtual patients and colleagues, developing clinical
reasoning and decision-making skills in safe environments ranging from low to high fidelity. Nursing
students engaged in case-based learning randomised to a virtual simulator environment (virtual patients
with dynamic physiological data) retained more knowledge and had higher satisfaction than a control
group randomised to a physical simulator (Padilha et al., 2019). Nursing students’ confidence improved
through using simulated electronic health records and an online drug reference database during face-to-
face case-based learning, which provided safe learning opportunities prior to clinical experiences, or if
access to actual patients’ electronic health records is not allowed (Vana & Silva, 2014).

Beyond STEM and health disciplines, collaborating and socialising in VR settings using avatars facilitated
greater fluidity in roles, collapsed geographical distance, generated a sense of co-presence and belonging
to the virtual campus and learning community and supported peer-to-peer learning (Bower et al., 2017,
Gil Ortega & Falconer, 2015). The law subject of Trusts was enhanced with Mosswood Manor in the virtual
world Second Life. Through participating in structured activities and assessment tasks built around life
problems of the manor’s virtual inhabitants, students appreciated the relevance and complexity of
negotiations and trusts to law practice (Matthew & Butler, 2017).

Web 2.0

Implementation of Web 2.0 has continued from its inception in 1999 to support participation and social
interaction (Rodriguez-Hoyos et al., 2015). Publications in the sample typically used one or more existing
Web 2.0 technologies, particularly social media to support students with familiar platforms, often along
with other technologies, to promote communication, teacher-to-student and peer-to-peer resource
sharing, collaboration, peer feedback and inquiry. Platforms included Facebook (Salmon et al., 2015),
podcasting (Kim & Jang, 2014), Twitter (Marin et al., 2014), WeChat (Dai et al., 2018), WhatsApp (Willemse
etal., 2019), webcasting (Freguia, 2017), wikis (Guinau Sellés et al., 2017) and YouTube (Cobley & Steven,
2014). In contrast, McCarthy (2015) developed the Café, a custom learning environment within Facebook,
to better leverage its capabilities. Blogging supported intercultural understanding (Bridges et al., 2014)
and widening participation, with low-income students writing about their transition to university to create
supportive networks and promote retention and success (Kreniske et al., 2019). Some authors applied
theoretical or pedagogical lenses to blogging, such as reflexivity, communities of practice and inclusive
practices in teacher education (Caldwell & Heaton, 2016); self-regulated learning including reflection on
development of professional competencies and professional identity (Pinya & Rossello, 2016); or
connectivism and professional learning networks (Graham & Fredenberg, 2015). While Web 2.0
technologies themselves are no longer innovative, it is their nuanced connectivity that creates
opportunities for learning designs. Students can be empowered to select technological pathways to
communicate, collaborate, and exchange feedback, supporting establishment of communities of practice
and inquiry. Such flexibility and integration with other technologies such as LMSs (Ngai et al., 2019) create
challenges for educators and scholars to demonstrate the efficacy of individual tools.
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LMSs

First developed in the 1990s, digital learning environments or LMSs combine a variety of synchronous and
asynchronous tools to support e-learning or m-learning in blended learning and fully online modes,
including for communication, collaboration, content delivery, teaching and learning activities, assessment
and feedback, with interoperability with other e-learning software to support teacher-centred and
student-centred pedagogies (Weller, 2020; Zawacki-Richter & Latchem, 2018). There are many
commercial and open-source LMSs, and some faculty develop their own LMS or add-ons, for example, to
support students in navigating flipped classrooms with weekly visual and text guides to learning outcomes
and tasks (Reidsema et al., 2014). Flipped classroom pedagogy relies on an LMS to deliver pre-class
materials and learning activities, which may include recorded lectures, vodcasts, podcasts, annotated
lecture slides, interactive online modules, readings, formative assessments with instant feedback and
links to external resources (McLaughlin et al., 2016). Students engaged more before face-to-face classes
when multimedia lectures (voice-over presentation slides) were the main resources compared to
textbook chapters and journal articles (Freguia, 2017). An LMS enabled fully online media design courses
that usually relied on face-to-face studio teaching: lecture content was delivered using short videos, the
studio critique was replicated through discussion boards in which tutors and peers provided written
formative feedback on work-in-progress design assignments created with Adobe Illustrator, and web
conferencing enabled synchronous interaction (Fleischmann, 2019).

Theoretical frameworks such as the community of inquiry (Garrison et al., 2010) were used to design
learning experiences (teaching presence) and communication opportunities to establish trust and shared
purpose (social presence) within the LMS (Cooper & Scriven, 2017). Teachers can develop immediacy
(psychological closeness) and the learning community through collaborative problem-based or project-
based learning supported with discussion boards (Fahara & Castro, 2015), in which students explained
concepts and case studies, shared knowledge and resources, sought help, gave feedback and monitored
group effort (Ngai et al., 2019). An LMS and VoiceThread software enabled digital storytelling
incorporating peer feedback to encourage reflection, critical thinking and empathy development (Price et
al., 2015).

Staff can use an LMS to broaden participation in HE, supporting geographically dispersed students from
non-traditional backgrounds through resource provision in multiple, accessible formats and student-
centred collaborative learning designs to support the co-construction of knowledge and the sharing of
experiences. Evening web conferences supported students to participate actively through polling,
interacting socially, asking questions and sharing opinions, with frequent staff feedback (Andrew et al.,
2015). Scaffolded academic and information literacy curricula were integrated with assessment tasks and
embedded in the course LMS; learning analytics indicated high engagement, and teachers observed
improvement in students’ writing skills and grades (Nallaya et al., 2018).

M-learning

Small, portable, wireless devices such as smartphones and tablets, and their software and mobile apps,
can enable flexible anytime anywhere learning for a variety of purposes including accessing and creating
multimedia content; VR, AR and clicker capability; situated learning with geolocation context sensitivity;
and collaborating and communicating with peers and teachers via Web 2.0 (Aguayo et al., 2017; Sung et
al.,, 2019; Vazquez-Cano, 2014). Learners with English as an additional language were supported to
develop their fluency in spoken English with Hit Counter and Ah-Counter mobile apps, using smartphones
to record and evaluate their speech for rate, non-lexical fillers and interjections, enabling self-regulation
of learning and peer and teacher feedback through weekly speaking journals (Cobley & Steven, 2014).
Custom-designed mobile AR software overlaid 3D virtual models over real 2D projection drawings and
enabled rotation and viewing of 3D virtual models from different angles to support skill development in
interpreting and producing 2D projections (Cheng et al.,, 2018). Smartphones facilitate situated
experiential learning: short mobile lectures provided guided tours to situate urban design theory in real
urban environments; students recorded their reflections, which encouraged critical thinking (Lim et al.,
2016). A systematic review across all levels of education reported m-learning studies are shifting from
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content delivery to supporting interaction but cautioned that m-learning may enhance or deter self-
regulated learning (Palalas & Wark, 2020). A meta-analysis found mobile devices enhanced learning (d =
0.60 for 43 studies at college level), with higher effect sizes for inquiry-oriented learning (Sung et al.,
2016).

M-learning can improve access to education in lower resource settings. The Hike Messenger app was used
for m-learning while on WIL: teachers shared learning resources and links to reference materials and
posed questions for students to answer, and students could ask questions (Patil et al., 2016). Inexpensive
mobile instrumentation such as the Mobile Studio IOBoard or Digilent Analog Discovery enables students
to conduct engineering laboratory experiments that previously required expensive equipment in face-to-
face laboratories (Astatke et al., 2015). However, Kaliisa and Picard’s (2019) critical review highlighted the
need for African governments and HE institutions to address structural inequalities preventing many
students from accessing m-learning.

Gamification and serious games

Gamification is the integration of game-like strategies into learning, such as points, badges or leader
boards. In contrast, serious games are designed for the purpose of learning, incorporating realistic
scenarios that prompt application of knowledge and critical evaluation. Both aim to motivate learning
through psychology and engaging activities. de Oliveira Durso et al. (2019) used the Business Simulation
Game for students working in small groups to make business decisions and analyse outcomes, similar to
Hilliard’s (2014) use of People Power for political decision-making in non-violent social conflict scenarios.
Serious games can be integrated with other technologies and learning designs; for example, Edmonds and
Smith (2017) used location-based m-learning games that integrated gamification, digital storytelling and
location-based m-learning, which strengthened students’ location awareness and provided
environmental contexts to authentic learning experiences, improving engagement. Students
subsequently designed and developed location-based m-learning games, activating their creativity and
learning cooperatively with peers and from their environment. Borras-Gene et al. (2016) gamified a
cooperative MOOC, combining a virtual learning community, social media elements and certificates and
badges to incentivise learning. A meta-analysis demonstrated enhancement of learning across K-16 when
games and gamification were compared to non-game learning environments (Clark et al., 2016).

Technology in classrooms

Some technologies are targeted for face-to-face classroom environments. Videoconferencing was used
to conduct tutorials across three continents to develop intercultural communication skills through
facilitated discussions, presentations and debates (Bell & Carr, 2014). Collaborative learning spaces
enabled small groups to control large touchscreen computers to share electronic resources; alternatively,
the lecturer could share content with all stations or share one station’s content with others (Dobinson &
Stokes-Thompson, 2015). Such spaces enabled students to explore digital histology slides in laboratories,
in conjunction with instant response systems (Felszeghy et al., 2019). Clickers or instant response systems
allow students to anonymously answer questions, provide opportunities to rehearse and retrieve
information, stay engaged through gamification elements, provide instant feedback to students and
teachers on the students’ misconceptions and provide records of attendance and performance (Alaeddine
et al.,, 2015; Cheung et al., 2018). Meta-analyses at tertiary level found clickers had small positive
influences on learning (g = 0.22, Castillo-Manzano et al., 2016), cognitive outcomes (g = 0.05) and
knowledge transfer (g = 0.11, Hunsu et al., 2016); both reported greater benefits in social and medical
sciences. Learning designs used with clickers influence outcomes: another meta-analysis indicated greater
learning for students explaining and justifying their answers to peers, compared to explanations from
teachers (Chien et al., 2016).

Laboratories in which sensors, interfaces and computers are used to capture, process and analyse
experimental data from equipment enable students to focus on interpreting rather than manually
collecting data, and facilitate exploring relationships amongst variables through automatically generated
graphs (Sari et al., 2019). Studios equipped with electronic boards and sensors (e.g., Raspberry Pi,
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Arduino) and additive (3D printing) and subtractive (laser-cutting) rapid-prototyping manufacturing
devices enabled industrial design and electronics students to collaboratively develop tangible user
interfaces through iterative prototyping with frequent feedback from industry partners and users via
blogging (De Ville et al., 2016). Such design studios or maker spaces align with constructionism learning
theory: learning through the process of making and developing students’ innovation, creativity and
entrepreneurialism in multidisciplinary contexts (Halverson & Sheridan, 2014).

Technology in classrooms can support widening participation in HE. For example, a digital literacy course
within an enabling pathway used universal design for learning principles: provide multiple modes of
representation in learning resources and opportunities for expression in assessment tasks (Stokes, 2017).
Students pitched projects, received peer and lecturer feedback and created digital media using classroom
production kits and multimedia tools (Stokes, 2017). First Nations people living in remote locations may
face challenges relocating to university or accessing adequate technology and Internet or mobile coverage
at home. Possible solutions include equipping community resource centres with computers, providing
reliable Internet and culturally appropriate support for students’ information and communication
technology skills development (Wilks et al., 2017).

MOOCs

MOOCs are well documented in the literature (Liyanagunawardena et al., 2013) but are novel in some
contexts. Several publications discussed expansions beyond traditional MOOCs, including integration of
social media, collaboration and gamification, to respond to their weaknesses, including lack of
authenticity and interaction, difficulty assuring achievement of learning outcomes and low retention.
Social media (Twitter and Facebook) was used to support an education-based MOOC; however, while 14%
of participants engaged with both platforms, citing benefits to networking and knowledge-sharing, 41%
perceived social media in the MOOC as a “waste of time” and did not engage with either platform (Salmon
et al., 2015, p. 7). Teixeira et al. (2019) designed for inclusion, individual responsibility, interpersonal
relationships and innovation in their climate change iMOOC and focused on embedding social justice
within a digital competency for educators sMOOC; both MOOCs incorporated pedagogies of
connectivism, situated learning and socioconstructivism. Teixeira et al.’s iMOOC had strong early
engagement but a continual decline after 1 month; high attrition remains an ongoing challenge for
MOOCs. Davis et al. (2018) reviewed 126 studies on MOOCs, with cooperative, gamified and interactive
learning environments identified as most successful.

A MOOC incorporating a machine learning tool to monitor participation and provide personalised learning
support with innovation-based learning pedagogy through student-faculty collaborative projects on real-
world problems holds the potential for improving engagement, collaboration, and higher-order learning
outcomes; a similar discovery-based learning course produced outcomes including spin-off companies,
patents, funded grants, and journal and conference publications (Swartz et al., 2019). Some MOOQCs are
targeted for academics: a connectivist MOOC engaged clinical educators in continuing professional
development and generating open educational resources for medical education (Chan et al., 2015).
Innovations for the next phase of MOOCs rest on seamless application of online collaborative pedagogies
and integration of other technologies.

Other software, websites, applications and cloud computing

Software innovations are changing how learning and teaching is designed and delivered. The learning
design process of academics was supported with the web platform Integrated Learning Design
Environment, complemented by teacher professional development workshops and follow-up support,
enabling successful design and implementation of collaborative learning experiences (Asensio-Perez et
al., 2017). Adobe Captivate was used to develop video diaries, online virtual cases and interactive
materials in mental health (Hassoulas et al., 2017). Self-paced multimedia problem-based learning
materials were created with Scenario Based Learning Interactive software (Blackburn, 2015). Mechanistic
case diagrams supported teachers to author web-based case studies with concept mapping for students
to link basic and clinical sciences knowledge via problem-based learning (Ferguson et al., 2018).
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A wide variety of existing general, specialist or educational software, websites and apps, and custom-
developed bespoke programs were reported in the included publications. For example, the Google app
suite was used to support learning English as an additional language through literature circle discussions
and group work on shared files (Intriago et al., 2016) or for teamwork on case studies (Holmes et al.,
2015). Google Docs files were used in conjunction with Web 2.0 tools and web conferencing for cross-
cultural communication, collaboration and presentation of project-based learning (Guariento et al., 2016).
Student teachers learned infographic design software, promoting analysis, synthesis and creativity in
conveying complex scientific concepts visually and concisely (Fadzil, 2018). Many studies incorporated
several different tools; for example, James et al. (2016) utilised Moxtra, Padlet, Weebly and NVivo.
Custom-designed innovations included Flexible Electronic Report Writing Tool to support writing in the
discipline (Drury & Muir, 2014). Staff have vast software and app choices to incorporate into learning,
potentially resulting in multiple platforms being used in different courses, requiring learners to learn many
technologies that may not be fit for purpose, and placing them at security risk if technologies are not
integrated into the institution’s credentialling system. Conversely, specialist software allows learners to
experience key industry software to develop work-ready capabilities.

Implications for practice

Incorporating technology in quality learning experiences is increasingly expected by HE students for whom
technology is omnipresent, and this may improve retention as students decide whether they are receiving
value for time and money (Quinn et al., 2019). Yet, despite the ubiquity of technology, Smith et al. (2020)
cautioned against stereotyping students as digital natives, emphasising the importance of supporting
students to enhance their digital literacies, which include communicating appropriately in learning
communities and accessing, curating, creating and sharing digital content ethically (Willems et al., 2019).
It is not technologies alone but their orchestration with suitable learning designs in supportive learning
environments that lead to learning. Learning designs should incorporate digital equity considerations such
as availability and accessibility of technologies considering socio-economic background and inclusive
practices (Willems et al., 2019); supporting students’ psychological needs of autonomy, competence and
relatedness (Ge et al., 2019); training needs of students (Holmes et al., 2015); and likeliness of use of
technologies (Venkatesh, 2003). Professional development for staff should include not just learning
technologies themselves but how to incorporate technologies to support student learning in their subjects
and courses (Mishra & Koehler, 2006; Saubern et al., 2020). During the lockdowns caused by the COVID-
19 pandemic, a rapid shift to fully online delivery of learning experiences was required (Crawford et al.,
2020). Ongoing uncertainty and student expectations for flexibility require ongoing blended and fully
online courses implementing multiple technologies integrated in suitable learning designs, which HE staff
could develop or adapt based on the findings of the present review and the cited publications.

Although not always specified, most included publications utilised blended learning, incorporating face-
to-face and online learning activities (Appendix B). A systematic review highlighted four challenges in
designing blended learning experiences: (a) promoting flexibility; (b) interactions; (c) facilitating self-
regulated learning; and (d) attending to affective climate and emotional engagement (Boelens et al.,
2017). Many publications highlighted good practice to meet these challenges: (a) Various technologies,
particularly m-learning, promote learner flexibility in place, time and pathway of learning (Astatke et al.,
2015). (b) To build social connections and learning communities, technology was leveraged to facilitate
connections, communication and collaboration amongst staff and students (Caldwell & Heaton, 2016;
Guinau Sellés et al., 2017). (c) Self-regulated learning was promoted by familiarising students with
technologies, clearly communicating expectations, facilitating peer interaction and feedback
(Fleischmann, 2019; McCarthy, 2015), and encouraging reflection (Pinya & Rossello, 2016). (d) Climate,
emotional engagement and social presence can be promoted through group learning activities with
technologies to facilitate collaboration and communication (Fahara & Castro, 2015). Learning designs and
technologies can help widen participation through supporting disadvantaged groups (Kreniske et al.,
2019, Wilks et al., 2017) and promoting accessibility of learning resources and activities (Stokes, 2017),
and provide global perspectives and connections to promote intercultural understanding (Guariento et
al., 2016).
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Limitations and suggestions for future reporting

This systematic review was limited by a single screening by the four of us at title and abstract phase (n =
5,311) and full-text phase (n = 557) due to the large number of publications. However, if there was
uncertainty if inclusion criteria were met, items were progressed to the next phase, and a second review
of full texts occurred at extraction phase. Single instead of double screening undoubtedly resulted in
fewer publications being included in the review. Furthermore, publications for which full texts were not
available in English freely online or through our institution’s subscriptions were excluded; nevertheless,
publications were included from all geographic regions (Table 1). Additionally, only peer reviewed
publications were included, while emerging innovations described in reports, dissertations and white
papers were excluded. Inclusion of search terms relating to innovation meant only a fraction of all reports
on TEL was screened; adding meta-analyses and other systematic reviews on individual technologies from
selected top journals provided broader coverage and additional resources for readers.

Of the 130 publications included in this systematic review, only seven reported Kirkpatrick Levels 3 or 4,
evidence of transfer of learning to employment or impacts on communities or external organisations.
Approximately one-third presented Kirkpatrick Level 2, measured evidence of learning outcomes; four
studies were randomised controlled trials, and about 20% were non-randomised comparative studies. As
technologies and associated learning designs mature past innovation stage, rigorous quantitative
research designs can provide stronger evidence of impact on students’ learning. Furthermore, studies
across qualitative and mixed methods can provide a rich picture of TEL designs and how they promote
learning, particularly when adequate detail of the context and rationale for incorporating technologies is
made explicit (Kirkwood & Price, 2014), which can be guided by evaluation frameworks such as that of
Cook and Ellaway (2015). Using this framework in the present review revealed that publications presented
some relevant information but often lacked detail. Ratings using MMAT or QATTL revealed almost half of
the studies were low quality. Authors can improve the quality of their studies and reporting through
following published guidelines for designing and reporting studies, for example, “Checklist for the Rigor
of Education-Experiment Designs” and others cited by its authors (Sung et al., 2019), Journal Article
Reporting Standards for Quantitative Research in Psychology (Appelbaum et al., 2018) and for mixed
methods and qualitative research (Levitt et al., 2018; O’Brien et al., 2014). Providing details on learning
contexts also assists future scholars conducting meta-analyses, enabling extraction of information related
to moderator variables (Hew et al., 2021).

Conclusion

This systematic review of 130 publications published from 2014 to 2019, supplemented with meta-
analyses and other systematic reviews, identified a wide range of technologies and learning designs
implemented to facilitate learning in fully online, blended or face-to-face modes and support student
success across fields of education globally. These technologies are not new; most were evident in a latent
semantic analysis of TEL in Web of Science over 1990-2018 (Shen & Ho, 2020), although mobile AR and
VR are emerging areas with potential to shift from teacher- to learner-generated content and provide
authentic learning experiences (Aguayo et al., 2017). In innovating with technology, staff should consider
adult learning theories, teaching as design for learning, how technologies can enhance their diverse
students’ learning and explain to students why educational technologies are used and how best to utilise
them for collaborative learning (Bedenlier et al, 2020).

This review provides a foundation for educators seeking to understand the digital innovation climate.
Many technologies are being adapted for delivery during the pandemic, and some may become obsolete
in future years. This review recommends educators consider how technologies can be implemented with
learning designs in their specific curricular contexts to improve student learning and follow evaluation
and reporting guidelines to share their practice.
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Appendix A. Search strings for each database

Database

Search string

EBSCO

Informit

Ovid

ProQuest

Scopus

Web of
Science

AB ( Digital OR electronic OR elearning OR e-learning OR online OR blended OR environment
OR ecology OR mobile OR virtual OR “mixed reality” OR “augmented reality” ) AND AB ( Design
OR development ) AND AB ( Teaching OR learning OR pedagogy OR curriculum ) AND AB (
“Higher education” OR tertiary OR university OR college ) AND AB ( Innovate OR innovation OR
innovating )

[Abstract: digital OR Abstract: electronic OR Abstract: elearning OR Abstract: e-learning OR
Abstract: online OR Abstract: blended OR Abstract: environment OR Abstract: ecology OR
Abstract: mobile OR Abstract: virtual OR Abstract: 'mixed reality' OR Abstract: 'augmented
reality'] AND [Abstract: design OR Abstract: development] AND [Abstract: teaching OR
Abstract: learning OR Abstract: pedagogy OR Abstract: curriculum] AND [Abstract: ‘higher
education’ OR Abstract: tertiary OR Abstract: university OR Abstract: college] AND [Abstract:
innovate OR Abstract: innovation OR Abstract: innovating]

((Digital or electronic or elearning or e-learning or online or blended or environment or ecology
or mobile or virtual or mixed reality or augmented reality) and (Design or development) and
(Teaching or learning or pedagogy or curriculum) and (Higher education or tertiary or
university or college) and (Innovate or innovation or innovating)).ab.

ab(Digital OR electronic OR elearning OR e-learning OR online OR blended OR environment OR
ecology OR mobile OR virtual OR “mixed reality” OR “augmented reality”) AND ab(Design OR
development) AND ab(Teaching OR learning OR pedagogy OR curriculum) AND ab(“Higher
education” OR tertiary OR university OR college) AND ab(Innovate OR innovation OR
innovating)

( ABS ( digital OR electronic OR elearning OR e-learning OR online OR blended OR environment
OR ecology OR mobile OR virtual OR "mixed reality" OR "augmented reality" ) AND ABS ( design
OR development ) AND ABS ( teaching OR learning OR pedagogy OR curriculum ) AND ABS (
"Higher education" OR tertiary OR university OR college ) AND ABS ( innovate OR innovation
ORinnovating ) )

Digital OR electronic OR elearning OR e-learning OR online OR blended OR environment OR
ecology OR mobile OR virtual OR “mixed reality” OR “augmented reality” (Abstract) and Design
OR development (Abstract) and Teaching OR learning OR pedagogy OR curriculum (Abstract)
and “Higher education” OR tertiary OR university OR college (Abstract) and Innovate OR
innovation OR innovating (Abstract)

159



Australasian Journal of Educational Technology, 2023, 39(3). AJET AR ASC

Appendix B. Selected summary information for the 130 publications
included in the systematic review

The Appendix B Excel file contains selected summary information for the 130 publications included in the
systematic review, including (a) publication number, (b) citation, (c) reference, (d) year of publication, (e)
publication type, (f) countries, (g) geographic regions, (h) disciplines or subjects, (i) fields of education, (j)
participant type, (k) number of participants, (I) format of course, (m) digital innovations or technologies
and learning designs, (n) categories of digital innovations, (o) Kirkpatrick levels, (p) Cook and Ellaway
categories, (q) research type, (r) quantitative research subtype, and (s) cited in main text (yes/no).

The file (in .xIsx and .csv formats) may be obtained at https://doi.org/10.25959/dxqt-p586.
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Appendix C. Indicators of levels and quality of evidence and evaluation,
and additional characteristics of included publications

Quality assessment

One of us rated all publications with MMAT or QATTL. For the empirical publications, 62 were rated low
(19 conference papers and 43 journal articles), 44 medium (1 book chapter, 3 conference papers and 40
journal articles) and 19 high-quality (3 conference papers and 16 journal articles) with MMAT. Comparing
the 25 conference papers and 99 journal articles rated with MMAT (only one of two book chapters was
rated with MMAT), the rating of conference papers (mean 20%, standard deviation 26%, mean rank = 40)
was significantly lower than journal articles (mean 38%, standard deviation 25%, mean rank = 68), Mann-
Whitney U test z = -3.503, p < 0.001). Four reviews were rated medium and one high quality with QATTL.
Another author or research assistant also rated the publications. Correlation (Pearson’s r) between first
and second raters’ scores was 0.86.

Kirkpatrick’s (1959) levels of evidence as adapted for HE contexts (Praslova, 2010)
(Research sub-question 4)

Level 0 (engagement) data were presented in 27 publications, including percentage of students accessing
or number of hits for e-resources and websites, number of plays of games, completion rates of MOOCs
and individual e-resources, and number of blog, microblog or discussion board posts. Occasionally, this
data was correlated with learning outcomes, and frequently presented along with reaction (Level 1) data
(n = 24) and/or evidence of learning (Level 2) data (n = 8).

Most publications (n = 113) reported Kirkpatrick Level 1 (reaction) evidence from participants, such as
opinions of the innovation’s quality, useability and usefulness for gaining understanding, developing skills,
changing attitudes and perspectives, making social connections with classmates, or giving or receiving
feedback. Participants’ self-reported levels of motivation, involvement, interest or enjoyment, self-
assessment of their learning, or suggestions for improvements were also presented. These data were
collected through various means including surveys with closed and open-response items, interviews,
focus groups, observations during learning activities, university-run course evaluations, or analysis of
reflective journals or posts on the LMS, blogs or social media.

Kirkpatrick Level 2 evidence (measured learning outcomes) was presented in 44 publications. Evidence
included students meeting professional course accreditation outcomes, course retention and pass rates,
course grades, examination or quiz scores, project or assignment assessments, or tutor opinion of student
performance based on observation in learning activities. Learning outcomes were often compared to
historical control cohorts without the innovation or occasionally to a contemporaneous control group
with randomisation at the classroom or individual level, or a longitudinal comparison pre- and post-
intervention, including pretest, post-test and/or delayed post-test.

Kirkpatrick Level 3 evidence (behaviour) was presented in two publications. Students in a postgraduate
educational leadership course, who were current teachers or school leaders, implemented their learning
in their school contexts through leading school improvements (James et al., 2016). Similarly, students in
a postgraduate course in applied learning implemented technologies in their teaching practice and
acquired new leadership roles or jobs (Donnelly, 2019).

Kirkpatrick Level 4 evidence (results) was presented in five publications with authentic, experiential
learning contexts. Students produced digital media projects for external partners (Stokes, 2017); worked
with community groups and a museum to develop social media sites, websites, mobile apps and
associated marketing materials for sustainable products and services (Franqueira et al., 2017); and
designed working prototypes for partner companies, one of which resulted in a patented product (De Ville
et al., 2016). Electrical and computer engineering students addressed authentic problems in partnership
with faculty, resulting in grants, patents, and companies founded (Swartz et al., 2019). Boone et al. (2018)
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described the Michigan sustainability cases, multimedia web-hosted case studies which enabled
experiential learning and collaboration with local communities.

Cook and Ellaway (2015) evaluation framework (Research sub-question 5)

Nearly all publications (n = 123) provided a needs analysis and environmental scan, identifying teaching
and learning issues in their context and a review of relevant literature related to existing digital
technologies and in many cases the needs of organisations, professions or the HE sector. Most
publications (n = 114) provided information on processes (e.g., project management, staff development
or technical support), goals and/or technology platforms (existing, or describing their development). Use
of the envisioned digital innovation in learning designs frequently referenced student-centred learning,
scaffolding, problem solving, social constructivism or development of 21st century skills (transversal or
generic graduate attributes) including creativity, communication, collaboration, critical thinking and local
to global citizenship. Many publications (n = 24) reported a pilot study only or included pilot testing and
subsequent improvements. Most publications (n = 115) provided information on implementation of
digital innovations and learning designs. However, in many cases the information provided was
superficial. Assessment of participant experiences and learning outcomes are summarised above, as they
align with Kirkpatrick Level 1 and Levels 2—4 respectively.

Issues of cost and/or sustainability of digital innovations were discussed in 46 publications. For example,
MOOCs provide free access but may be resource-intensive for institutions and staff who develop and run
them; connectivist MOOCs can partially address this issue with crowd-sourcing materials and feedback
(Chan et al., 2015). Free software, websites, applications, and open educational resources are
theoretically available to all, but hardware, network access, data costs and accessibility limits access for
many (James et al.,, 2016; Willemse et al.,, 2019). Inexpensive mobile instrumentation and virtual
simulation can improve STEM learning opportunities in low-resource universities that cannot afford
expensive physical equipment (Astatke et al., 2015, Padilha et al., 2019). Institutions should provide
resources for adoption or design and development, local implementation and evaluation, ongoing use,
and diffusion of technologies through the institution (Alaeddine et al., 2015; Barrette, 2015) to enable
sustainable development and delivery. Teachers and students may need training to implement and use
technologies effectively for learning (Cheung et al., 2018; Stokes, 2017).

Most frequently represented journals

Most frequently represented journals were Australasian Journal of Educational Technology (n = 7),
International Journal of Innovation in Science and Mathematics Education (n = 4), Journal of University
Teaching and Learning Practice (n = 4), Academic Medicine (n = 3), International Journal of Educational
Technology in Higher Education (n = 3) and Nurse Educator (n = 3).

Participants

Participants were students only (n = 94 publications), staff only (n = 6), both students and staff (n = 20),

staff and/or students and professionals and/or members of the public (n = 8), educators (n = 1) or no
participants (n = 1). Participants numbers were not reported in all studies but totalled at least 15,000.

162



	Introduction
	Theoretical background
	Digital innovation
	Teaching as design for student learning
	Levels of evidence
	TEL evaluation framework

	Methods
	Search strategy
	Selection procedure
	Data extraction and quality assessment
	Analysis of manuscripts

	Results and discussion
	Simulation, AR and VR
	Web 2.0
	LMSs
	M-learning
	Gamification and serious games
	Technology in classrooms
	MOOCs
	Other software, websites, applications and cloud computing
	Implications for practice
	Limitations and suggestions for future reporting

	Conclusion
	Author contributions
	Acknowledgements
	Appendix A. Search strings for each database
	Appendix B. Selected summary information for the 130 publications included in the systematic review
	Appendix C. Indicators of levels and quality of evidence and evaluation, and additional characteristics of included publications
	Quality assessment
	Kirkpatrick’s (1959) levels of evidence as adapted for HE contexts (Praslova, 2010) (Research sub-question 4)
	Cook and Ellaway (2015) evaluation framework (Research sub-question 5)
	Most frequently represented journals
	Participants


