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Introduction
The Association for the Advancement of Computing in Education (AACE), http://AACE.org,
founded in 1981, is an international, not-for-profit, educational organization with the mission
of advancing Information Technology in Education and E-Learning research, development,
learning, and its practical application.
AACE serves the profession with international conferences, high quality publications, leadingedge Digital Library (http://EdITLib.org), Career Center, and other opportunities for professional
growth.
We are proud to present to you this selection of 27 award winning papers from AACE’s
conferences (http://AACE. org/conf). This year's selection includes papers from the annual
conference of the Society for Information Technology & Teacher Education (SITE) in
Washington D.C., the EdMedia + Innovate Learning World Conference on Educational Media
(EDIL) in Amsterdam, the Netherlands, and the World Conference on E-Learning (E-Learn) in
Las Vegas, Nevada. The decision to nominate a conference paper for an award was made by peer
reviewers. All authors were honored during the conference and received a certificate that serves
as testimony to their outstanding research and contribution to the conference.
We hope that the reader enjoys this selection as much as we enjoyed working with these cuttingedge scholars. It is the eighth year that we publish this edition. We are grateful for all the
feedback and all the nice comments we got on the 2012- 2018 books. We look forward to many
new future editions of AACE’s award papers.
Thank you very much for your support and participation in AACE events and activities.
Theo J. Bastiaens, Gary H. Marks

3

4

TABLE OF CONTENTS
Chapter 1
Supporting Cultural Connections, Collections, and Reflections through Technology in
Short-Term Study Abroad

Kevin M. Oliver
NC State University, USA
kmoliver@ncsu.edu
Angela Wiseman
NC State University, USA
amwisema@ncsu.edu
Michael P. Cook
Auburn University, USA
mpc0035@auburn.edu ............................................................................................................................................... 19
Abstract: A short-term study abroad program funded by a local foundation provides teachers
with a professional development opportunity in an international context. The goal of the grant
is to train teachers in technology-enhanced strategies that can better introduce their
classrooms to diverse cultures and cultural perspectives. Teachers practice these strategies
themselves in the context of a short-term study abroad program, before ideally applying some
of the strategies with students in their own classrooms. In this paper, we describe projects in
each area of the program--cultural connections, collections, and reflections. Then, we discuss
how the program and embedded projects have improved technology skills and increased
cultural awareness for teacher participants.
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One-hundred and Sixty-four Studies from Taiwan

Yuen-kuang Cliff Liao
Center for Teacher Education, Chinese Culture University
yliao2009@gmail.com
Yung-hsin Chen
National Taipei University of Education
gobby422@gmail.com ................................................................................................................................................ 27
Abstract: The potential benefits of integrating technology into mathematics instruction (ITMI)
have been claimed, however research results comparing the effects of ITMI and other types of
instruction in Taiwan are conflicting. In this study, a meta-analysis was performed to
investigate the effect of ITMI on elementary schoolers’ academic achievement in Taiwan. We
collected 164 studies which were published in Taiwan between 1993 and 2017. The research
method used is the meta-analytic approach suggested by Borenstein et al. (2009), and Hedges’s
d (1985) was used to calculate the effect size. In addition, 8 moderators were selected to
examine their impacts on the overall mean Hedges’s d. The results indicated that ITMI
produced a positive higher overall mean Hedges’s d of 0.372 than other types of instruction
(e.g., traditional instruction) on students’ academic achievements. Moreover, 4 of the 8
moderators (i.e., year of publication, learning devices for students, teaching devices for
teachers, and intervention duration) had a statistically significant impact on the overall mean
Hedges’s d. The results suggest that the effects of ITMI are more positive than other types of
instruction in Taiwan. The analyses of selected moderators also provided some important
suggestions when applying ITMI in the educational settings.
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Implications of Flipped Teaching Strategy on Preservice Teachers’ Self-efficacy and
Intention to Integrate Technology in Future Classroom
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Abstract
This study investigates the implications of flipped teaching strategy on preservice teachers’
self-efficacy and intention to integrate technology in future classroom. The researchers used
the theory of planned behavior (TPB) as theoretical framework. Participants were 71
preservice teachers enrolled in graduate and undergraduate technology integration course.
Multiple linear regression analysis and paired sample t-test were conducted to examine the
preservice teachers’ intention to use of technology in future classrooms and the change in their
self-efficacy level. The results of the predictor model were able to account for 41% of the
variance in students’ intention to use technology and was statistically significant. The results
also found that self-efficacy and perceived behavioral control are significant predictors of
preservice teachers’ use of technology in future classroom. Furthermore, the results show that
the mean of all three variables at the end of the course did not differ significantly compared to
prior attending the course with flipped teaching method. Implications of these findings were
also discussed.
Keywords: flipped classrooms, theory of planned behavior (TPB), technology integration,
preservice teachers' intentions
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Abstract: People need to be cognitively flexible in order to be successful in the dynamic, ever
changing society of today. Previous studies found that a carefully designed training program
can help people to think and act in a more cognitively flexible fashion, leading to a better
performance. This finding asks for more research into the instructional strategies that helps
learners to utilize their cognitive flexibility. This paper presents a study investigating whether
personalized instruction is more helpful than a standardized instruction. A pattern analysis
was conducted on participants’ data from our previous training study. Three categories of
learners were found: those having difficulty to detect that flexibility is needed; those who found
it difficult to decide upon a flexible response; and proficient adapters. These categories were
used to specify learner profiles with associated instructional strategies. A study is proposed to
investigate the importance of personalizing learning. Implications, challenges and future
directions are discussed.
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Abstract: Recently, VR and AR technologies have attracted much attention in the field of
education. The purpose of this study was to investigate the quantitative and qualitative aspects
of learning experiences of the learners, the primary nurturers, and the experts using
educational VR and AR content. Three kinds of AR and VR content were evaluated. Nineteen
children, nineteen nurturers, and seven experts participated in the evaluation. We examined
the quality of learning, usability, satisfaction, and wearability of a device for the children, as
well as the educational usefulness, device usability, and effectiveness of nurturers and experts.
The result showed that all three kinds of content were found to induce a high level of flow and
satisfaction. In addition, some areas for improvement were identified and based on this, the
possibility of educational use of VR/AR content was discussed.

Chapter 6
Student Expectations and Patterns of Instructional Activities with iPad-Cart
Integration in Multi-School Secondary Classrooms

C. Candace Chou
University of St. Thomas, USA
ccchou@stthomas.edu
Lanise Block
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Abstract: Tablets and lightweight laptops have become commonplace in the K-12 classrooms.
Previous studies have shown mixed results on the effectiveness of these mobile devices for
one-to-one learning. Based on the Substitution, Augmentation, Modification, and Redefinition
(SAMR) pedagogical framework and International Society for Technology in Education (ISTE)
technology standards, this mixed-methods research examined what teachers did in the
classrooms and what students expected from learning with iPads in a large diverse urban
school district in Midwest USA. The results show that the majority of the instructional activities
are at the levels of Substitution and Augmentation that focus on information search, worksheet
practice, and online textbook reading. Student perceptions showed strong expectations of
utilizing iPads for tasks that involved communication, collaboration, creativity, and critical
thinking. Multiple factors that contributed to the mismatched instructional patterns and
student expectations are highlighted in the study.
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Promise and Parameters: Digital Badges for Ongoing Professional Learning
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Abstract: Professional educators desire ongoing learning experiences to enhance their practice,
gain new skills, and advance in their careers. These professional development experiences take
many forms, including school or district-provided training sessions, university-based courses
and programs, and increasingly, formal and informal online learning opportunities. However,
general learning experiences may not meet the needs of specific educators, leading to
dissatisfaction and frustration (Darling-Hammond, Meyerson, LaPointe & Orr, 2009; Wei,
Darling-Hammond, & Adamson, 2010). Competency-based online learning experiences can
provide the flexibility and relevance often lacking in traditional professional development
programs. In this paper, we explore the connections between adult learning principles,
research about adult learning online, the growing body of research on massive open online
courses (MOOCs), and the emerging research on digital badges and microcredentials. We
conclude by offering design principles and a brief case study for online professional learning
experiences to meet the unique needs of adult learners.
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Impact of Prior Knowledge, Course Design, and Technology Preparation on Pre-service
Teachers’ TPACK Development in a Required Educational Technology Course

Yi Jin
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dschmidt@iastate.edu ................................................................................................................................................ 85
Abstract: Prior knowledge, course design, and technology preparation play essential roles in
pre-service teachers' TPACK development. In this paper, the researchers investigated the
impact of prior knowledge, course design, and technology preparation on pre-service teachers'
post-TPACK and TPACK development scores in a required educational technology course.
Statistical analyses, two-way multivariate analysis of variance (MANOVA), were run. The
researchers found that all three variables affected pre-service teachers' post-TPACK and
TPACK development scores. In particular, cluster 2 pre-service teachers who reported higher
pre-TPACK scores had higher post-TPACK scores. The second course design, which integrated
content-specific strategies guided by TPACK framework, was more effective for developing
pre-service teachers’ TPACK in both clusters. However, although cluster 1 pre-service teachers’
TPACK development scores increased more than cluster 2 pre-service teachers, they still could
not catch up with those in cluster 2 in both course designs. The results of this paper provide
empirical data on the impact of prior knowledge, course design, and technology integration on
pre-service teachers’ TPACK development. Future directions for research and practical
implications are discussed.
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Pre-service Teachers’ Use of and Image Conveyed by Social Media
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Abstract: The purpose of this study was to replicate with pre-service teachers a study
conducted with business majors (Peluchette & Karl, 2010) who were surveyed about the
personal image they intended to convey on social media, their preference for others, including
potential future employers, viewing their social media sites, and the likelihood of posting
problematic content on social media. Students who conveyed an intelligent or hardworking
image were less likely to object to potential employers viewing their social media than were
those who projected a wild or offensive image. This study has implications for coaching
students in any number of fields in the professional and ethical use of social media.
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Promoting Teachers’ Identity Exploration:
The Way Forward in Teacher Education for Game-Based Learning

Mamta Shah, PhD
Aroutis Foster, PhD
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Abstract: This mixed-methods study reports preliminary findings from Games, Science, and
Identity Change- a year-long professional development (PD) undertaken to develop preservice teachers’ (a) knowledge and skills to facilitate identity exploration through game-based
learning (GBL); and (b) professional identities as teachers who adopt GBL as an instructional
approach in the future. The study was undertaken as part of an ongoing NSF CAREER project
awarded to develop and test processes to support identity exploration through GBL (Foster,
2014). Projective Reflection (PR) served as the theoretical model to frame learning as identity
exploration and change in digital worlds (Shah, Foster & Barany, 2017). The Game Network
Analysis (GaNA) framework was employed to define the knowledge and skills essential for
educators to employ GBL (Shah & Foster, 2015). The paper illustrates the eight-professional
development (PD) sessions offered once a month from October 2016-May 2017. The paper
showcases the change in participants’ knowledge of game-based and professional identities as
teachers who would adopt GBL to facilitate identity exploration in their future practice. The
paper advances research on teacher education in GBL by focusing on facilitating the acquisition
of the essential skills teachers need to adopt GBL and by motivating teachers’ actions to adopt
the instructional approach.
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Experience of Virtual Writing Groups: Going Beyond Geographic Boundaries
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Abstract: There are greater expectations on academics, including career professors, to publish.
How and where within their graduate programs did they develop the knowledge and capacity
to be competent scholarly writers? Using a self-study research approach, we investigated
strategies as part of a pilot designed to assess the impact of virtual writing groups on early
career researchers’ publication output and the transition process from doctoral student to fulltime academic. This pilot study informed the launch of a larger virtual writing group. The
virtual writing group, includes early career academic, along with former doctoral supervisor
supporting their transition as academics around their scholarly writing. The study explores the
following research questions: 1) To what extent does a virtual writing group assist publication
output through the transition of PhD student to early career researcher; and 2) What factors
are integral for the effectiveness of a virtual writing group for early career researchers?
Directions for future research are shared.

Chapter 12
Water Cycle in Nature: Small-Scale STEM Education Pilot

Diana Bogusevschi1, Irina Tal2, Marilena Bratu3, Bogdan Gornea4, Dorothea Caraman4, Ioana Ghergulescu5,
Cristina Hava Muntean2 and Gabriel-Miro Muntean1
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Abstract: A digitised educational application focused on the water cycle in nature was
employed in a small-scale pilot carried out in a secondary school in Ireland, as part of the
European Horizon 2020 NEWTON project. The application involved 3D immersive computerbased virtual reality and experimental laboratory simulation. 52 secondary school students (27
in the experimental group and 25 in the control group) took part in the pilot. The goal of the
pilot was to assess the effectiveness of the water cycle NEWTON project application in
knowledge gain. Pre and post knowledge tests were employed before and after participating
students interacted with the application in the experimental group or were provided the classic
teacher-based approach in the control group. The results presented show a statistically
significant knowledge improvement in the experimental group compared to the control group.
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Chapter 13
Cyberbullying and its influence on academic, social, and emotional development of
undergraduate students

Yehuda Peleda,
Western Galilee College, Israel
yehudap@wgalil.ac.il................................................................................................................................................ 127
Abstract: This study investigated the influence of cyberbullying on the academic, social, and
emotional development of undergraduate students.
Participants in this study were 638 Israeli and 102 American undergraduate students. The data
were collected with the Revised Cyber Bullying Survey which evaluates the frequency and
media used to perpetrate cyberbullying, and the College Adjustment Scales which evaluate the
academic, social and emotional development of college students.
The findings revealed that 65% of the students had experienced cyberbullying at least once or
twice through different types of media. Also, correlations were conducted and confirmed
significant relationships between cyberbullying, mainly through instant messaging, and the
academic, social and emotional development of undergraduate students. Instant messaging
(IM) was found to be the most common means of cyberbullying among undergraduate
students. Implications of the findings are discussed.
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Abstract: This paper reports on a large clinical study with 193 children (Grades 3-6) who
interacted with 12 digital math games during clinical interviews. Children completed a pretest,
interacted with the digital math games, completed a posttest, and answered questions about
their interactions with the games. During the interviews, researchers used two video
perspectives to capture children’s interactions and onscreen gestures. Mixed methods were
employed to analyze pretest and posttest data and to examine how the design features in each
digital game afforded learning opportunities for children. The results showed that children
exhibited different levels of awareness of the design features, some features helped or hindered
different children, and children who were able to connect the digital games with the
mathematics in the games exhibited higher learning gains.

11

Chapter 15
Detecting pupils’ opinions on learning physics bodily by unsupervised machine
learning

Hannu Moilanen
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Faculty of Information Technology, University of Jyväskylä
Finland
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marja.kankaanranta@jyu.fi ..................................................................................................................................... 141
Abstract: The purpose of this study is to explore the added value that bodily learning brings to
the study of physics at lower secondary school and how pupils experience a new way of
studying physics. The study compares how pupils who liked and disliked physics experienced
the new teaching methods. Here we use unsupervised machine learning in order to discover
new information from the inquiry, that was held after the workshop, where pupils were
experimenting with new ways of studying physics. We find that unsupervised machine learning
can be a helpful tool for teachers to detect students preferred learning styles and different
types of personalities in the classroom.

Chapter 16
Perspectives for the Pre-service Teachers’ Readiness to Take Advantage of ICT in
Education

Teemu Valtonen
Erkko Sointu
Jari Kukkonen
University of Eastern Finland
Kati Mäkitalo
University of Oulu
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kati.makitalo@oulu.fi ............................................................................................................................................... 153
Abstract: This paper focuses on first-year pre-service teachers’ readiness to use Information
and Communication Technology (ICT) in education. Readiness to use ICT in education is
studied as part of 21st century skills, where the role of ICT is emphasised. This study re-visits
parts of three previously published articles providing a wider perspective on the topic by
examining the results from the different papers together. The main theoretical frameworks
used are Technological Pedagogical Content Knowledge (TPACK) and the Theory of Planned
Behavior (TPB). The target group consists of 267 pre-service teachers from three Finnish
universities. The results indicate variation among pre-service teachers’ readiness to use ICT in
education. Overall, technological knowledge was found in an assessment to be low compared
to pedagogical or content knowledge. In addition, as a group, the pre-service teachers are more
unified in relation to their pedagogical knowledge and content knowledge than they are in
relation to technological knowledge. Despite these differences and the low assessments related
to technological knowledge, respondents were well aware of the expectations related to the
use of ICT in education. Results also show that the use of ICT in education is a rather separate
area from other 21st century skills, in this case learning skills.
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Chapter 17
Adult Playfulness in Simulation-based Healthcare Education

Tuulikki Keskitalo
Marjaana Kangas
Heli Ruokamo
University of Lapland
Tuulikki.Keskitalo@ulapland.fi
Marjaana.Kangas@ulapland.fi
Heli.Ruokamo@ulapland.fi....................................................................................................................................... 161
Abstract: In many studies, simulation-based healthcare education has been observed to be
enjoyable and meaningful. The objectives of simulation-based learning can be multifaceted,
such as learning basic resuscitation or more complex crisis resource-management skills. As
noted, the goals of simulation-based education can be quite serious although learning should
be enjoyable and playful. Simulation-based learning demands playfulness and taking on roles
that the learner has not previously studied in simulation-based healthcare education. In
previous studies, playfulness has been perceived as a kind of stance towards learning or a
certain mood in learning that emerges from interactions with others. In previous research,
humour, creativity and teamwork have predicted adult playfulness and are central to
successful simulation-based learning as well. Adult playfulness has also been related to higher
achievements and motivation.
In this study, we examine adult playfulness in simulation-based healthcare education. The
specific research question is as follows: How does adult playfulness transpire in simulationbased healthcare education? The study participants are 238 medical students and
professionals (89 males, 86 females) at Stanford University in 2010–2016. The data sources
include questionnaires and interviews. Playfulness appears in simulation-based learning
mainly by emphasising trust and encouraging collaboration, as well as academic curiosity and
a playful attitude. However, based on preliminary analysis, a playful attitude is not easy to
realise. Emotional, embodied and physical aspects of playful simulation-based learning need
further research and effort.

Chapter 18
Learning Experience Technology Usability Design framework
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marja.kankaanranta@jyu.fi ..................................................................................................................................... 169
Abstract: Using information and communication technology (ICT) for learning purposes has
become more ingrained in curriculums and students’ lives over the past decades. Commonly,
the lack of understanding about learning and pedagogy, and more specifically their contexts,
will lead to creating learning software that utilize outdated pedagogy or are lacking in critical
aspects of pedagogical design. This has created a need to find cost efficient ways to address the
multidimensional usability issues found in learning technology. Creating an engaging and
pedagogically robust learning product is a complicated task that requires easily accessible
knowledge about both the technological and learning related aspects in creating learning
software.
The aim of this study is to explore and present the dimensions of learning technology even
further, to provide a reinforced framework for creating and evaluating learning technology. For
this purpose, we have developed the Learning Experience Technology Usability Design
Framework. LETUS Design has both practical and theoretically rich components that combine
heuristic evaluation, pedagogical theories and findings from extensive learning technology
design expert evaluations. This paper aims at offering a more definite framework for evaluating

13

the usability of learning technology in a holistic way. This work will further elaborate especially
on the contextual aspects of digital learning technology design in the LETUS Design framework.

Chapter 19
Developing e-learning system for English conversation practice using speech
recognition and artificial intelligence

Makoto Shishido
School of System Design and Technology
Tokyo Denki University
Japan
shishido@mail.dendai.ac.jp ...................................................................................................................................... 179
Abstract: It has been emphasized to comprehensively improve the four skills of English; reading,
writing, listening, and speaking in the university English education in Japan. However, the teaching
of speaking skill has not been effectively carried out because of the insufficient ability of teachers and
ineffective teaching materials. It has been expected to acquire practical English proficiency these days
and so effective teaching materials are required for teaching the ability to speak. In this research, I
developed the Shikibu as an e-learning system for English speaking practice by combining speech
recognition and artificial intelligence. I introduce the overview of the development of this English
conversation practice system aiming at improving speaking ability using response and utterance
practice. I will also summarize the responses and impressions of the system from the users and report
its effectiveness.

Chapter 20
Deciphering Meaning from Text using Deep Learning

Kerry Rice, Andy Hung, Jennifer Kepka
Boise State University, United States
krice@boisestate.edu, andyHung@boisestate.edu, jenniferkepka@u.boisestate.edu ............................................ 185
Abstract: Researchers will present findings from an EDM study incorporating both deep learning and
text-mining of asynchronous forum posts from a K-12 virtual learning environment. Findings suggest
that the inclusion of textual content improved the overall predictive accuracy in identifying at-risk
students. However, there were challenges in deciphering the meaning behind the predictive features.
Results and future directions for research inquiry will be shared.

Chapter 21
The Motivations of Online Second Language Acquisition (SLA) Learners:
The Need for Minority Language Perspectives

Conchur Mac Lochlainn
National Institute for Digital Learning
Dublin City University
conchur.maclochlainn@dcu.ie
Mairead Nic Giolla-Mhichil
National Institute for Digital Learning
Dublin City University
mairead.nicgiollamhichil@dcu.ie............................................................................................................................. 191
Abstract: This paper presents a theoretical exploration of the sometimes-neglected role of minority
languages within second language acquisition (SLA) research, in particular research which is
conducted in distance online learning contexts. The exploration forms the basis of the development of
a theoretical framework to inform a doctoral study investigation in this area. Broader theoretical
validity from the literature is considered, as well as two important aspects in motivation to learn a
minority language, those of identity and heritage. The changing technological environment is
highlighted as a new context for research exploration, providing rich contexts to examine learner
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motivation in a world where access to resources to learn are becoming increasingly divorced from
temporal or spatial restraints.

Chapter 22
The Austria View of Copyright law

Mag. Michael Lanzinger
Atorney-at-law in Wels, Upper Austria .................................................................................................................... 199
Abstract: The Web is - (not only) in the area of e-learning and education in general - a place with
numerous of possibilities, to communicate with no spatial and/or temporal limitations. Lectures are
now being held in the form of MOOC and documents are digitally available. But it should be noted
that certain legal questions are related with these use cases and that these are not entirely sufficient for
the use in the Web 2.0 and beyond national borders. One of the main questions thereof is, which
(national) law applies in the so-called digital village of the 21st century? This article gives an overview
of some of the legal aspects that need to be taken into consideration in the discipline of e-learning and
also shows certain possibilities how knowledge can be taught using the modern means of learning and
knowledge-transfer in the Web 2.0. This from the view of the Austrian Copyright law, especially in
tandem with projects like Creative Commons or OER:

Chapter 23
Austria’s Higher Education e-Learning Landscape - Summary of the Status Quo

Hans-Peter Steinbacher
University of Applied Sciences Kufstein
Austria
hanspeter.steinbacher@fh-kufstein.ac.at ................................................................................................................ 203
Abstract: An empirical study was conducted to assess the status quo of the Austrian e-learning
landscape in tertiary education. The study examined strategies, resources, organization and experience
relating to the use of educational technologies at all Austrian universities. The surveys showed that
universities, universities of applied sciences, colleges of education and private universities
consistently use e-learning, although the intensity and supply vary widely. The comparatively limited
use of e-learning must be viewed critically, especially at colleges of education, since an adequate
strategic orientation seems to be lacking in this regard. Opportunities for further education and
incentive schemes appear to be indispensable but currently insufficient at all higher education
institutions. Qualitative interviews strengthened the results of the online questionnaires. Based on the
numerous concrete data, the study provides a comprehensive overview, ranging from strategic
objectives to practical experience, from which seven recommendations for action have been derived

Chapter 24
Institutional Innovation and Strategic Reponses to MOOCs:
An Irish Case Study

Eamon Costello
National Institute for Digital Learning
Dublin City University, Ireland
eamon.costello@dcu.ie
Mark Brown
National Institute for Digital Learning
Dublin City University, Ireland
mark.brown@dcu.ie
Mairead Nic Giolla-Mhichil
National Institute for Digital Learning
Dublin City University, Ireland
mairead.nicgiollamhichil@dcu.ie............................................................................................................................. 209

15

Abstract: What role should governments play in supporting a strategic response to the Massive Online
Course (MOOC) movement? This paper describes the growth of MOOCs in Europe as part of the
wider Open Education movement and then reports on the Irish experience as a case study to discuss
whether or not a more formal policy response is required to harness the potential of new models of
online learning. By tracing the history of several first generation Irish initiatives the case study
illustrates how in the absence of formal policy different institutions chose to respond to MOOCs. The
relatively slow and disconnected response of government agencies and policy-makers is then
discussed in the context of a number of high-level policy initiatives. Set against the backdrop of a lack
of serious national policy engagement in the development of MOOCs, and Open Education more
generally, the paper offers a valuable insider’s perspective into the thinking that has shaped and
influenced MOOC initiatives at one Irish University. It reports how this thinking has evolved with the
emergence of second-generation MOOC initiatives, which increasingly blur boundaries between
formal and non-formal learning. Finally, the paper reflects on the original question and argues that
governments have a key role if new models of online learning are to realise the promise of increasing
access to, and the level of participation in, flexible life-long learning.

Chapter 25
The Learning Portfolio in Higher Education:
An Integrative Review

Darina Scully
Centre for Assessment Research, Policy & Practice in Education
Dublin City University, Ireland
darina.scully@dcu.ie
Michael O’Leary
Centre for Assessment Research, Policy & Practice in Education
Dublin City University, Ireland
michael.oleary@dcu.ie
Mark Brown
National Institute for Digital Learning
Dublin City University, Ireland
mark.brown@dcu.ie ................................................................................................................................................. 219
Abstract: The learning portfolio is often lauded as a powerful pedagogical tool, and consequently, is
rapidly becoming a central feature of contemporary education. This paper synthesizes and critically
reviews the literature pertaining to its use in higher education contexts specifically. Three key themes
are identified and discussed. First, although the theory underlying the use of learning portfolios is
promising, robust empirical evidence supporting their effectiveness remains sparse. Second, the tool
is rooted in a complex pedagogy, and its potential can only be realized if the processes underlying this
pedagogy are properly understood by advocates and executed by users. Third, there is a recurring
tension between the developmental (process) and evaluative (product) conceptualizations of the
learning portfolio. On the basis of these findings, some recommendations for future research and
practice in this area are identified.
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Abstract: Disruption, Machine Learning, Internet of Things, Augmented Reality, Industry 4.0 and
Rapid Prototyping are just a selection of the buzzwords that come up in connection with the rapid
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changes in the professional world and society brought about by digitalisation. As frequently occurs
when buzzwords are used, their exact meaning is unknown, or remains unquestioned, but the use of
them is nevertheless excessive. In this way, the buzzword ‘digital native’ assumes that an entire
generation has a command of digital skills simply because they were born into this world and use
digital media naturally. Which skills profiles this generation, and therefore a majority of today’s
students, actually command, remains vague however, and is rarely explored systematically. The same
is true of the specific formulation of necessary skills profiles in the digital world for higher education
graduates. In the debate around higher education institutions, the description of the swift digital
transition (with or without buzzwords) is not usually followed by a revision of existing curricula. This
article describes strategic considerations for a better fit between the skills demanded of students and
the challenges of the digital world.
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Abstract: The paper presents an organizational view on educational technology in higher education.
Many institutions are eagerly implementing various digital technologies and tools for learning, they
seem to follow a general trend of modernizing university teaching. Following this understanding,
digital transformation can be seen as a broader movement of modernization all universities have to
address in some way: a process that institutions are taking at different speeds and with different
measures, but most probably with similar results, in the end. From a strategic perspective, however,
digital transformation has to be perceived as a chance for an organization to position itself in a
competition. Universities management has to understand that to some degree digital transformation
can be understood as a "general trend of modernization" but to some degree opens up opportunities
for a strategic positioning. The paper addresses the implications of these options and what measures
universities can take to find their route to digital transformation. The paper is based on a set of
workshops performed with members from Germany's university top management that have addressed
the strategic options for digital transformation in higher education.
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Program Background
A three-year (2016-2018) grant was awarded to a College of Education in the southeastern United States by a
local foundation with interests in helping in-service teachers better use emerging technologies to teach primary
and secondary students about diverse cultures. Each year, the grant funds a different cohort of 15-20 teachers
in the same four-county area to participate in four Saturday professional development classes at the university
during winter semester (January-May), before traveling abroad for two weeks in the summer where excursions
to a variety of cultural sites are taken and additional classes held to process cultural learning. This program sits
at the intersection of technology and culture, and participants are required to complete a number of technology
projects that connect them with persons from the host culture, that task them with collecting and re-presenting
in multi-modal forms information on cultural themes of interest, and that require them to reflect in different
written forms on scheduled field experiences and their developing cultural understanding. Participants are
assigned an online portfolio page as part of a larger program Web site to which they post or embed their
technology projects.
The current three-year grant has to date funded two cohorts of 29 teachers to travel to Finland and Sweden,
and in summer 2018, 20 more teachers will travel to the Czech Republic. The current grant builds on three
prior years of funding (2011-2014) in which three additional cohorts traveled to England. Our prior grant had
a different focus on using technology to encourage writing in a cultural context. In the current grant,
participants still engage in considerable writing, but the focus has shifted to using technology to promote deep
cultural understanding, not using technology to promote multimodal writing (e.g., expository, poetic,
expressive) where culture was a shallow theme.

Technology in Study Abroad
Surprisingly little research has focused on technology use for cultural learning in study abroad, despite the
modern study abroad student traveling with a variety of technologies that can be put to use in learning (e.g.,
laptops and mobile phones with cameras, GPS/maps, and translation tools) (Costello, 2015; Deans, 2012;
Rodriguez & Rink, 2011). Two strands of research have dominated this area of inquiry. First, many researchers
have focused on the potential benefits of writing and in particular blogging platforms for cultural reflection
(Downey & Gray, 2012; Phillion & Malewski, 2011; Shao & Cook, 2015; Stewart, 2010). These researchers have
reported reflective writing can support students to make better connections to culture, articulate developing
cultural awareness, and build communities among their peers who are also traveling abroad. The second
common strand of research has focused on the use of media as captured cultural artifacts on which to reflect
(Backenroth & Sinclair, 2015; Blair, 2011; Lemmons, Brannstrom, & Hurd, 2014; Rodriguez & Link, 2011).
These researchers have tasked students with capturing and manipulating media such as repeat photographs,
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movies, and maps, which helped students better visualize and critically reflect on ways of life and link their
own feelings to the observed space.
A third strand of research on technology in study abroad is less about cultural learning and more about whether
technology gets in the way of cultural learning and immersion when students remain connected to their homes
through cellular and online networks. While some find these connections can help to reduce student stress and
anxiety by easing their cultural transition (Hertz, Dawson, & Cullen, 2015; Mikal & Grace, 2012; Sandel, 2014),
others find these connections can have an insulating effect and keep students from communicating and
interacting with the host culture (Downey & Gray, 2012; Mikal, 2011; Mikal & Grace, 2012; Van Mol &
Michielsen, 2015). Some note more positively that tools like social media can be helpful depending on how they
are used (e.g., to identify cultural exhibits or gatherings to attend with members of the host culture) (Hertz et
al., 2015; Mikal, 2011).
Technology can and does mediate a study abroad experience in both intentional/positive and
unintentional/potentially negative ways. Certain uses of technology may encourage students to stop and reflect
on the host culture, including tools to capture written reflections, tools to capture and curate collections of
cultural artifacts as objects for reflection (e.g., photos, video, audio), and tools for socialization when tasks are
designed intentionally to connect students with the host culture and break from existing networks. These
findings have been helpful in formulating our approach to short-term study abroad with technology projects
in three areas--cultural connections, collections, and reflections. A summary of each area is now presented.

Cultural Connections Projects
While our cultural connections projects have shifted during the current three-year grant, the core project in
this area remains a global collaborative project that each participant conducts between their classroom and an
international classroom in the spring before traveling abroad. We ask teachers to identify a peer teacher with
whom to build their own joint project, or to join an existing commercial project such as those offered by Flat
Classrooms or iEARN. Ideal partnerships are with the host country we are traveling to, although we afford
teachers some flexibility to choose partners in other nearby countries in the same region. Teachers do
sometimes struggle to identify a peer teacher, and sometimes these partners do not follow through as expected,
or have the necessary technology to collaborate effectively, but in general most teachers have been able to
successfully complete this project following just a short presentation on global collaboration. In our orienting
presentation, we introduce teachers to sites that can assist with forming partnerships (e.g., Classroom Bridges,
ePals, Global Virtual Classroom, Global SchooNet), and we spend time discussing global themes of mutual
significance to both U.S. and international classrooms that can help to focus a project and tie into curricular
goals (e.g., UN Sustainable Development Goals). Since most schools are closed in the summer when our teachers
are free to travel abroad, this project has given teachers an opportunity to work with and get to know a peer
teacher in the host country before traveling abroad. Some of our teachers have even met in person with their
partner teacher in the summer when we travel to the host country. Cultural learning, then, extends beyond
what the teachers and their students study in the project, to include also personal relationships that are built
and have continued for many teachers beyond the short-term immersion.
Another strategy we employ for cultural connection asks teachers to utilize two Web sites to identify real
“meetups” and “experiences” with locals they can join in person in the host city. We give each teacher a small
stipend from our budget to cover the cost of joining a local “meetup” group or booking at least one of AirBnb’s
“experiences” with locals in the host city. For example, in Prague during summer 2018, teachers could meet
with locals who have similar interests in hiking, film, photography, technology, language learning, sports,
cooking, games, mothers, dogs, and more. Or teachers could book AirBnb experiences with locals who provide
personalized cooking classes, workouts, art lessons, walking/biking/kayaking tours, trips to sporting events,
and more. Toward the end of our two weeks abroad, teachers are asked to prepare two reflections that
summarize cultural lessons they learned from these activities. One project is a duologue or a script between
two persons that is represented using the GoAnimate tool. Another project is an experience-based travel
writing piece that teachers post to our group’s travel blog. In classes that we hold in the host country, teachers
play their animations for peers and read aloud their travel writing pieces, and we discuss developing cultural
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lessons. Ideally one or more persons from the host culture participates in these discussions to answer any
follow-up questions or clarify any misconceptions in teacher work.

Cultural Collections Projects
All of our study abroad programs have encouraged teachers to collect instances or evidence of culture in digital
spaces to illustrate how they can utilize such tools with their own students to capture culture for reflection. We
share with teachers the ACTFL framework that conceptualizes “culture” as three Ps--products, practices, and
perspectives (Cutshall, 2012). We have encouraged teachers to collect more than just the low-hanging fruit or
visible cultural products like available foods and transportation, by researching beyond those products to find
out more about cultural practices and perspectives such as dietary or exercise habits, or opinions on taxation
policies to provide for mass transit. Our early focus in cultural collection was on crowd-curated spaces such as
a common Google Map to which all teachers posted cultural instances they were noticing as annotated
placemarks with photographs, or a History Pin collection we set up with each teacher contributing a review of
one museum in the host city, or a common Padlet wall for sharing culturally-revealing photographs and memes
with annotations. While there is potential in the group contributing to a common collection, the real value from
these activities comes in follow-up analysis, sorting instances into categories, and discussing meaning from
what was shared, which is something we found difficult to support in a short, two-week program with typically
just three or four half-day classes on site.
While our current program still supports cultural collection, we have shifted from crowd curating of general
and wide ranging cultural information that was challenging to meaningfully piece back together, to personal
curating of cultural information around a defined theme. In summer 2018, each teacher will build out a
personalized Google Map (not a group map), a MyHistro timeline, and an annotated Voicethread collection of
objects, and tie these projects to a theme of personal interest. Teachers have selected themes such as: puppetry
arts, memorial/burial practices, Judaism, Czech identity, public spaces, family life, women’s opportunities, and
more. Teachers are instructed to choose a theme that can be mapped, timelined, and curated, such as the Czech
automotive industry that can be mapped (e.g., pinning on a map the centers of industry, sites for natural
resources, major export locations), timelined (e.g., historical emergence of the industry, war-time downfall, reemergence), and curated (e.g., photographs of popular brands viewed at the National Technical Museum, of
major factories). Our plan is for teachers to share at least one of their projects during a class held in Prague,
noting cultural lessons learned, and helping to expose our group at large to multiple Czech themes. We are
inviting faculty contacts from a local Czech university to view these presentations and provide further context
and information about the teachers’ research.

Cultural Reflections Projects
The final category of projects in our program is referred to as cultural reflections. One type of project that
teachers complete in this category is written reflections on cultural media. Program leaders spend some time
identifying culturally revealing readings on the education system in the host country, as well as popular
literature and film that introduces teachers to further cultural traits (e.g., personality, history). Teachers read
or view these media away from class on their own time, and using strategies such as “the last word” technique,
write down quotes that attracted their attention. In class, teachers are divided into small discussion groups and
take turns sharing quotes that other teachers react to. The teacher who shared a given quote gets the “last
word” to summarize across reactions. On their portfolios after class, teachers prepare a longer written
reflection on the texts/films they have read/viewed, and drawing on their small group discussions, make note
of any take away points on the host culture.
Another type of project that teachers complete in this category is structured analyses during field research.
During our summer 2018 program, for example, we have planned four half-day field research excursions to
culturally revealing sites in Prague. Teachers will visit the National Gallery which houses Czech art, the Kafka
Museum which is reflective of national literary heritage, the National Pedagogical Museum which conveys the
pedagogical contributions of the Czech J.A. Comenius to the field of education, and the Old Town Square on an
architectural walking tour to learn about the myriad of architectural influences and styles in the city. These
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field research excursions are viewed as more than a visit, since teachers are given an analytical framework to
apply in each setting. For example, at the National Gallery, teachers learn to apply a visual thinking protocol to
examine at least two pieces of Czech art in terms of structure, aesthetics, and meaning. Also, following the
architectural tour, teachers apply an architectural analysis framework to reflect on at least two buildings they
saw and their purpose, materials, functionality, and fit. Back in their rooms, teachers finalize these analyses
and post them to their portfolio page.

Developing Technology Skills and Cultural Understanding
Beyond our analysis of the many artifacts posted to teacher portfolios (see Wiseman, Oliver, & Cook, 2017), a
useful data source to determine if this program at large is having an impact on teacher understanding of
technology and culture has been a pre- and post-survey in which we ask teachers to report their level of skill
with the technology tools applied in a given program, and their level of cultural understanding of the country
visited. Related findings from our 2016 cohort taken to Finland and our 2017 cohort taken to Sweden are
presented below.
As shown in Table 1, teachers in our 2016 and 2017 cohorts reported significant increases in technology skill
for every tool introduced in the program. The tools that teachers in both cohorts were most familiar with
coming into the program were common tools to support global projects such as shared Google Docs, wikis, and
email, as well as blogs such as the one we use in our program to host teachers’ travel writing. The tools that
teachers were the least familiar with coming into the program were cultural collections tools such as Google
Maps, History Pin, and MyHistro. Teachers also had little familiarity with GoAnimate and the Pixlr image editor
coming into the program.
Technology
Global Project Tools
GoAnimate
Google Maps
History Pin

Pre-Score Finland
M=4.36, SD =1.15
M=1.71, SD=1.35
M=1.86, SD=1.35
M=1.36, SD=.93

Post-Score Finland
M=5.43, SD=.51
M=4.5, SD=.86
M=5.07, SD=.92
M=5.07, SD=.62

My Histro

M=1.14, SD=.54

M=4.64, SD=.75

Voicethread
Prezi
Weebly
Blog
FotoBabble

M=2.93, SD=.54
M=3.79, SD=1.97
M=4.14, SD=1.70
M=4.00, SD=1.68
M=1.38, SD=1.12

M=5.00, SD=.96
M=5.14, SD=.77
M=5.21, SD=.89
M=5.08, SD=.76
M=5.23, SD=.83

Bubbli
Pixlr
Meme Generator

M=1.07, SD=.27
M=1.57, SD=1.22
M=2.50, SD=2.10

M=4.50, SD=1.45
M=4.57, SD=.85
M=5.36, SD=1.01

Technology
Global Project Tools
GoAnimate
Google Maps
History Pin
My Histro

Pre-Score Sweden
M=3.43, SD=.85
M=.79, SD=1.19
M=1.93, SD=1.54
M=.62, SD=1.12
M=.21, SD=.43

Post-Score Sweden
M=4.21, SD=.70
M=3.36, SD=.63
M=4.14, SD=.77
M=3.77, SD=.73
M=3.36, SD=.84

Voicethread
Weebly
Blog

M=2.36, SD=1.69
M=2.93, SD=1.82
M=3.36, SD=1.01

M=4.14, SD=.86
M=4.21, SD=.89
M=4.21, SD=.98
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Significance
t(13) = - 4.02, p = .001*
t(13) = - 6.82, p = .000*
t(13) = - 8.79, p = .000*
t(13) = -15.21, p =
.000*
t(13) = - 15.32, p =
.000*
t(13) = - 5.39, p = .000*
t(13) = - 2.72, p = .017*
t(13) = - 2.90, p = .013*
t(12) = - 2.21, p = .047*
t(12) = - 11.42, p =
.000*
t(13) = - 8.83, p = .000*
t(13) = - 8.63, p = .000*
t(13) = - 5.83, p = .000*
Significance
t(13) = - 3.67, p = .003*
t(13) = - 6.00, p = .000*
t(13) = - 7.39, p = .000*
t(13) = - 9.94, p = .000*
t(13) = - 13.60, p =
.000*
t(13) = - 4.00, p = .002*
t(13) = - 2.94, p = .012*
t(12) = - 4.84, p = .000*

Pixlr

M=.21, SD=.80

M=3.79, SD=.80

Meme Generator
M=1.31, SD=1.70
*significant at p < .05 level

M=3.92, SD=.86

t(13) = - 15.69, p =
.000*
t(13) = - 5.86, p = .000*

Table 1. Gains in Technology Skill, 2016 Cohort (Finland), and 2017 Cohort (Sweden)
While multiple conceptions of what it means to be culturally literate, sensitive, or developed exist, with just as
many instruments to measure these competencies (Sinicrope, Norris, & Watanabe, 2007), in our work we have
focused on Hanvey’s (1976) four levels of cross-cultural awareness. At level one, a student would possess
superficial or stereotypical views of a culture and interpret those differences as bizarre. At level two, a student
would be aware of subtle cultural differences and react to those differences as frustrating or irrational. At level
three, a student would again be aware of subtle cultural differences but react to those differences analytically
and develop a cognitive understanding of why someone in that culture might do something differently. At level
four, a student would possess an experiential understanding of how someone in a given culture feels or thinks
having spent some time immersed in that culture. On both the pre- and post-survey, we asked teachers to selfreport their level of awareness on Hanvey’s continuum and to report examples of their own understanding of
the host culture that might fit into a given level.
In 2016, a significant difference was noted between self-rated awareness of the host culture at the start of the
program (mean level=1.43, SD=.94) and the end of the program (mean level=3.64, SD=.50), t(13) = -2.21, p =
.000. Likewise, in 2017, a significant difference was noted between self-rated awareness at the start of the
program (mean level=1.43, SD=.65) and the end of the program (mean level=3.07, SD=.48), t(13) = -6.62, p =
.000. Based on examples that teachers reported about the host culture at each level of the Hanvey framework,
teacher participants developed an enhanced cultural awareness of Finns and Finland and Swedes and Sweden
through their project work and first-hand exposure. More examples of level one stereotypes along with a dearth
of examples of levels two through four cultural traits were given on the pre-survey, compared to many more
examples of levels two through four cultural traits given on the post-survey.
Level one stereotypes reported about Finns and Swedes on the pre-survey included such elements as: heavy
drinkers, introverted, homogenous with blonde hair and blue eyes, well-educated, hockey players and fans, eat
a lot of fish, unapproachable, and stand-offish. Several teachers simply stated on the pre-survey that they did
not have enough information to say anything about the host culture.
Finns are not that into small talk and chit-chat. Physical appearance wise many have blonde hair
and blue eyes.
Finns are very smart, having one of the best educational systems in the world.
I honestly do not know anything about the Finnish culture except that I have heard they like to
avoid small talk.
Swedish chef from Muppets, Swedish meatballs, Ikea, cold, fishing, Olympics
Enjoy fish, herring particularly, as well as Viking culture and history.
On the post-survey, teachers reported example cultural traits at level two that they experienced during
immersion and found strange or irrational: public nudity in saunas and certain beaches, alcoholic beverages
not allowed in the seating areas at football matches, people not holding the door open for a person following
them in or out of a building which was perceived as rude, people unwilling to engage in small talk with
strangers, businesses close too early which was perceived as inconvenient. These examples illustrate how
teachers began to notice subtle cultural differences, and even at the end of the program as reported on the postsurvey, some of these observations had not been processed cognitively or experientially through enough
immersion to understand why certain cultural traits were as they were.
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Finns aren't able to bring drinks into the seating portion of a stadium, which is very difficult to
comprehend as an American.
In speaking with a waitress, he informed me that many people in the Finnish culture take words
very seriously and believe most of what they read and hear. If you don't have something
significant to say or contribute, one is supposed to remain silent. I find this irrational because
there is so much bogus that we read and hear, especially during the political race. I am also a
very sarcastic person and I like to joke and laugh a lot. I wouldn't want to go about my day in
such a serious manner. It was also said that if you get a Finn to speak more than a few words to
you, are "lucky"!
The lack of window screens allows insects to fly around household food and to give mosquito
bites at night when trying to sleep.
One cultural trait that is slightly frustrating is that Swedes are not interested in talking to people
they do not know. In the United States, it is very common to make small talk with just about
anyone, but small talk is not common in Sweden.
People getting up from sitting near you in the subway and moving a few seats over. I don’t
understand this.
I noticed after arriving here that people in Sweden, though they are polite in their actions, often
didn’t engage with strangers, including me, but also including other Swedes. This seemed to be
true even in safe situations such as in line at a public cafe. I also noticed that Swedes thought it
was strange when I smiled toward them, even a little, or made more than very brief eye contact.
The fact that many businesses are closed is frustrating, but in a land of little sun most of the year,
it is understandable.
Teachers also reported example cultural traits on the post-survey of level three cultural differences that they
had analyzed and also came to some conclusions about: why people might be reserved or distant given
historical experiences, why businesses might close early or people vacation for long summer months out of
respect for family and free time, and why nudity is acceptable in public saunas and certain beaches since it is
not “sexualized.”
I understand why the Finns can be stone-faced and matter of fact. I have learned about their
history, the weather, and the concept of sisu which means overcoming adversity in a rationale
way.
After learning about the history of Finland and how they were consistently having to acclimate
to other countries traditions, they are less likely to jump in to a situation or make snap judgments.
Swedes’ family time and free time are important. They feel that it is important to spend time
doing other things besides working and studying. This is the reason that businesses close early
and close down for as long as a month in the summer.
Finns are more reserved expressing themselves verbally. Less is more to them. However, they are
less cautious and less reserved about exposing themselves physically around one another. It's not
a big deal like it is in America. They think nothing about sharing a sauna and a shower with one
another fully nude. No inhibitions. Just a part of their culture and they are totally comfortable
with it. To them it is not a big deal, they are relaxing their mind and their body and to do that
they have to be nude. It is not sexual at all, just part of their culture.
Paying for bags in the grocery store is frustrating to me, but I understand that it creates an
incentive to bring your own bag and reduce plastic consumption.
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To arrive at level four on the Hanvey framework where one possesses an insider’s view of the culture having
lived it and become familiar with it, one needs time and many opportunities to meet or work with persons from
that culture. Not surprisingly, then, only a few examples of the insider’s view were reported by teachers in our
program who only spent two weeks in the host countries. For example, the teacher who initially found it strange
that Swedes were not accepting of “smiles” and “eye contact,” also reported “I’ve come to understand that some
Swedes feel that smiling toward them might be too forward and can even be interpreted as poking fun or
laughing at their expense.” A few other teachers reported insider views of how persons in the culture feel based
on their observations and experiences:
Swedes have a “group effort” mentality. For example, every citizen that I talked to about the high
tax rates believes that it is for the best because everyone can have access to what they need
through the government. Whether that is affordable health or free language classes to learn
Swedish.
While I find myself to be introverted among strangers, I am often very outgoing in a small group
of friends. These contrasting traits either helped me blend in with Swedes when I was on my own,
or stand out when I was among friends. A lot of this comes from Sweden’s desire to be average-to be flamboyant in any way would burden someone else. Loudness is garish.
In many occasions on this trip, going out to eat, tram rides, sitting at the park, talking to Finns
and etc. I noticed, and learned, that Finns are content with sitting in silence. I also noticed that
Finns are extremely active. Every day that I was immersed in the culture, there were many people
out running, walking, bike riding, paddle boarding, skateboarding, playing basketball, soccer, or
partaking in other recreation activities.

Limitations
Limitations of this study include a lack of data from teachers after re-entry to the United States about how they
have translated their experiences in the program to changed classroom practices. Also, while we have examined
participant statements indicative of cultural understanding using the aforementioned Hanvey framework,
these statements do not provide a complete picture of cultural understanding and development, just exemplars.
Adding a full intercultural development inventory into data sources as a pre-test/post-test measure might
better address actual changes in inherent beliefs and intention toward action (e.g., the Intercultural
Development Inventory or IDI).

Conclusions
Data collected from teachers participating in our international professional development programs provides a
picture of positive gains in technology skills associated with cultural teaching in the classroom, and positive
gains in developing awareness of other cultures in just a short period of immersion. The mix of cultural
connections, collections, and reflections projects paired with international travel experiences have provided
teachers in our cohorts with a unique exposure to novel cultures and a beneficial opportunity to practice
collecting cultural information and shaping it through reflections toward greater cultural understanding. As
promoted by the foundation that supports our work, we hope that this program has a lasting impact on not
only these teachers but also their students who may receive enhanced exposure to diverse cultures and greater
understanding of difference through their teachers. Teachers have a unique opportunity to reach thousands of
students in their careers, and while international professional development programs that promote cultural
teaching and understanding are not cheap, neither is ignorance of world cultures or failure to teach children
how to work with persons who are different.

25

References
Backenroth, O., & Sinclair, A. (2015). Lights, cameras, action research! Moviemaking as a pedagogy for constructivist Israel
education. Journal of Jewish Education, 81(1), 64-84.
Blair, S. (2011). Study abroad and the city: Mapping urban identity. Frontiers: The Interdisciplinary Journal of Study
Abroad, 20, 37-54.
Costello, J. (2015). Students’ stories of study abroad: Reflections upon return. Journal of International Students, 5(1), 5059.
Cutshall, S. (2012). More than a decade of standards: Integrating “cultures” in your language instruction. The Language
Educator, 7(3), 32-37.
Deans, P. C. (2012). Integration of study abroad with social media technologies and decision-making applications. Journal
of Innovative Education, 10(3), 299-336.
Downey, G., & Gray, T. (2012, December). Blogging with the Facebook generation: Study abroad with Gen Y. Paper
presented at the Joint Australian Association for Research in Education and Asia-Pacific Educational Research
Association Conference. Sydney, Australia.
Hanvey, R. G. (1976). An attainable global perspective. New York: Center for Global Perspectives.
Hertz, P. R., Dawson, C. L., & Cullen, T. A. (2015). Social media use and the fear of missing out (FoMO) while studying
abroad. Journal of Research on Technology in Education, 47(4), 259-272.
Lemmons, K. K., Brannstrom, C., & Hurd, D. (2014). Exposing students to repeat photography: Increasing cultural
understanding on a short-term study abroad. Journal of Geography in Higher Education, 38(1), 86-105.
Mikal, J. P. (2011). When social support fits into your luggage: Online support seeking and its effects on the traditional
study abroad experience. Frontiers: The Interdisciplinary Journal of Study Abroad, 21, 17-40.
Mikal, J. P., & Grace, K. (2012). Against abstinence-only education abroad: Viewing Internet use during study abroad as a
possible experience enhancement. Journal of Studies in International Education, 16(3), 287-306.
Phillion, J., & Malewski, E. (2011). Study abroad in teacher education: Delving into cultural diversity and developing
cultural competence. Action in Teacher Education, 33(5-6), 643-657.
Rodriguez, K., & Rink, B. (2011). Performing cities: Engaging the high-tech flaneur. Frontiers: The Interdisciplinary Journal
of Study Abroad, 20, 103-119.
Sandel, T. L. (2014). “Oh, I’m here!”: Social media’s impact on the cross-cultural adaptation of students studying abroad.
Journal of Intercultural Communication Research, 43(1), 1-29.
Shao, Y., & Crook, C. (2015). The potential of a mobile group blog to support cultural learning among overseas students.
Journal of Studies in International Education, 19(5), 399-422.
Sinicrope, C., Norris, J., & Watanabe, Y. (2007). Understanding and assessing intercultural competence: A summary of theory,
research, and practice. Technical report for the Foreign Language Program Evaluation Project, University of
Hawaii at Manoa.
Stewart, J. A. (2010). Using e-journals to assess students' language awareness and social identity during study abroad.
Foreign Language Analysis, 43(1), 138-159.
Van Mol, C., & Michielsen, J. (2015). The reconstruction of a social network abroad. An analysis of the interaction patterns
of Erasmus students. Mobilities, 10(3), 423-444.
Wiseman, A., Oliver, K., & Cook, M. (2017). Global professional development for in-service teachers: A focus on literacy,
technology, and culture. In V. Korhonen, J. Annala, & P. Kulju (Eds.), Steps for Development, Secrets of
Communities--Perspectives to Education and Teaching (pp. 219-235). Tampere, Finland: University of Tampere
Press.

Acknowledgements
This research was supported by a grant from the Triangle Community Foundation’s Borchardt Fund to North Carolina State
University’s College of Education.

26

Effects of Integrating Computer Technology into Mathematics
Instruction on Elementary Schoolers’ Academic Achievement:
A meta-analysis of
One-hundred and Sixty-four Studies from Taiwan
Yuen-kuang Cliff Liao
Center for Teacher Education, Chinese Culture University
yliao2009@gmail.com
Yung-hsin Chen
National Taipei University of Education
gobby422@gmail.com

Introduction and Research Purposes

Owing to the rapid development of computers and associated technologies, integrating computer
technology into instruction has become quite popular recently. Many school teachers have been encouraged to
adopt varied technology, such as desktop computers, tablet computers, IWA (interactive whiteboard), and IRS
(immediate responses system), in their classes. As a result, numerous research examining the impact of
integrating technology into instruction in varied disciplines has been conducted (Janisse, Li, Bhavnagri,
Esposito, & Stanton, 2018; Li, 2018; Mohammadzadeh, & Sarkhosh, 2018; Supurwoko et.al, 2017.). Among
them, some studies were specifically emphasized on mathematics (Burns, Kanive, & DeGrande, 2012; Kim,
Chang, Choi, Park, & Kim, 2016; Lee, 2017; Suppes, Liang, Macken, & Flickinger, 2014). Statements regarding
the benefits of integrating technology into mathematics instruction have been claimed, for instance, Hodges
and Conner (2011) stated that technology-supported instruction influenced students not only competency but
also the ways in which students think about and identify with mathematics. Technology-enhanced instruction
provides students an opportunity to actively participate and reorganize the way in which they understand
mathematics through higher order thinking tasks (Stohl-Lee, Hollenbrands, & Holt-Wilson, 2010; Young, 2017).
In addition, National Council of Teachers of Mathematics (NCTM) (2014) also suggests mathematics educators
that technology integration is recommended at all K-12 grade levels.
In spite of claims regarding the potential benefits of integrating technology into mathematics instruction,
research results comparing the effects of computer-supported mathematics instruction and other types of
instruction in Taiwan are conflicting. For example, Huang (2010), Li, P. (2010), Lin (2007), and Lin (2010) all
reported significant gains of integrating technology into mathematics instruction over traditional instruction.
In contrast, Hung (2004), Chang (2001), and Young, Chen, & Chu (2015) found no significant differences
between these two types of instructions. Three studies (i.e., Chen, C., 2001; Chen, J., 2001; Yeh, 2015) even
revealed significant advantages in favor of traditional instruction. In an effort to clarify this contradiction, this
study provides a meta-analysis to compare the effect of technology-supported mathematic instruction and
traditional instruction for elementary schoolers in Taiwan. More specifically, the questions that this study
addresses are
(1) How does the effectiveness of technology-supported learning (TSL) compare with that of conventional
learning (CI) on student mathematics achievement in Taiwan?
(2) What study features moderate the effectiveness of TSL in Taiwan?

Method

The research method used in this study is the meta-analytic approach which was similar to that suggested
by Borenstein, Hedges, Higgins, and Rothstein (2009). Their approach requires a reviewer to (a) locate studies
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through objective and replicable searches; (b) code the studies for salient features; (c) calculate outcomes on a
common scale; and (d) use statistical methods to relate study features to outcomes.
The purpose of this study was to synthesize and analyze the research on effects of two instructional
approaches. It is important to define these approaches to provide for proper selection of appropriate studies.
Technology-supported learning (TSL) -- classes integrate technology (e.g., desktop computer, tablet
computer, PDA, smart phone, digital games etc.) into instructional procedures, either in the class or out of class,
to teach students.
Conventional learning (CI) -- classes using traditional approaches to teach students.
Data Sources
The studies considered for inclusion in this meta-analysis were located through a comprehensive search
of publicly available literature published between 1993 and 2017 and came from four sources. One large group
of studies came from computer searches of the Chinese Periodical Index. A second group of studies were from
the Dissertation and Thesis Abstract System of Taiwan. A third group of studies came from the Government
Research Bulletin (GRB) of Taiwan. The last group of studies were retrieved by branching from bibliographies
of the documents located through the review and computer searches. The keywords used in the search
procedures included “math and computer”, “math and m* learning”. “math and u* learning”, “math and
simulation”, “math and g* learning” and “math and e* learning”. Totally 164 studies were found through these
search procedures; among them, 154 studies came from the Dissertation and Thesis Abstract System, 9 studies
were from published journals, and 1 study was located from conference papers.
Several criteria were applied for the inclusion of studies in the present meta-analysis:
(1) Studies had to compare the effects of TSL versus CI on students’ academic achievement.
(2) Studies had to provide adequate quantitative data from both TSI and CI classes so that the effect
size could be estimated.
(3) Studies had to be retrievable from university or college libraries by interlibrary loan.
(4) Studies had to use Taiwanese students as subjects.
(5) Studies were published between 1993 and 2017.
Outcome Measures
The unit of analysis was each independent study; only one ES was extracted from each study. The
instructional outcome measured most often in the 164 studies was student learning achievement, as indicated
by standard or researcher-developed achievement tests at the end of the instruction. For statistical analysis,
outcomes from a variety of different studies with various instruments had to be expressed on a common scale.
The transformation used for this purpose was the one recommended by Hedges and Olkin (1985). To reduce
measurements to a common scale, each outcome was coded as an Effect Size (Hedges’g), defined as the
difference between the treatment and control means divided by the pooled standard deviation. Furthermore,
when the sample size in a study is small, Hedges’d+ (unbiased estimate of ES) was calculated to remove possible
sample bias (Hedges et al., 1985, p.81). For those studies that did not report means and standard deviations, F
values or t values were used to estimate the ES.
In most cases, the application of the formula given by Hedges et al. (1985) was forthright. However, in
some cases, when more than one value was available for use in the ES formula, the value that would measure
outcomes most accurately was selected. For example, some studies reported both differences on posttest
measures and differences in pre-post gains, and some studies reported both raw-score differences between
groups and covariance-adjusted differences between groups. In such cases, pre-post gains and covarianceadjusted differences were selected for estimating ES.
In addition, several subscales and subgroups were used in measuring a single outcome (e.g., those that
reported separate data by different measurement or duration of treatment). In such cases, each comparison
was weighted in inverse proportion to the number of comparisons within the study (i.e., 1/n, where n = number
of comparisons) so that the overweighing of ES of a study could be avoided (see, for example, Waxman, Wang,
Anderson, & Walberg, 1985, p. 230).
Selection and coding of variables
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Eight variables were coded for each ES. Each of these variables was grouped according to the following
set of characteristics: (a) study characteristics and (b) program characteristics (see in Table 1). The first two
variables in the study characteristics were coded to detect potentially different effects for subjects with
different backgrounds. The other two study features (i.e., type of publication and year of publication) in the
study characteristics were coded because it is important to know how effects are related to sources of
information over time. Four variables in the program characteristics were coded because it is critical to know
how effects are related to nature and design of the primary research.
Study Characteristics
Grade level
Learning area
Type of publication
Year of publication
Program Characteristics
Method of Integration
Learning device for student
Teaching device for teacher
Intervention Duration
Table 1. The Assignments of coded variable in Each Characteristic

Data Analysis
Borenstein et als’ (2009) homogeneity procedures were employed to aggregate and analyze the ESs for
all 164 ESs. The mean ES was calculated using formula provided by them. The significance of the mean ES was
judged by its 95% confidence interval (95% CI). A significantly positive (+) mean ES indicated that the results
favored TSL; a significantly negative (–) mean ES indicated that the results favored CI.
To determine whether the findings in each dataset shared a common ES, the set of ESs was tested for
homogeneity by the homogeneity statistic (QT). After that, a series of subgroup moderator variable analyses
were conducted. Each coded variables with sufficient variability was tested through two homogeneity statistics,
between-class homogeneity (QBetween) and within-class homogeneity (QWithin).
Because all 164 studies were conducted in Taiwan and all participants were Taiwanese, a fixed effect
model was used to combine all ESs to form an overall mean ES and to calculate QT. The variance component QB
was also calculated using a fixed effect model (Borenstein et al, 2009). The complete analyses were performed
using Comprehensive Meta-AnalysisTM 2.0 (Borenstein et al, 2005).
Coder Reliability
To obtain more reliable outcomes from extracting ESs and coding study variables, each study ES was
calculated and coded by two researcher independently. The inter-coder agreement rate for ES calculation and
study variables coding were 91.2% and 90.5%, respectively. In addition, disagreements between two coders
were resolved through discussion. Final agreement had to be reached after discussion.

Results and Discussion
Overall Effects

There were 164 studies included in the present meta-analysis, however 3 unusually large effect size
(d=8.77,
6.58, and 11.7) were found for the studies of Lin (2003), Li, J. (2010), and Lo (2011), respectively. These ESs
were much larger than the mean ES (d+ = 0.372) of the rest of 161 studies, consequently, these ESs were
excluded in further analyses (Lipsey & Wilson, 2001). Among the 161 ESs representing 10704 students, 148
(92%) ESs were positive and favored the TSL classes, while 13 (8%) of them were negative and favored the CI
classes. The range of the study-weighted ESs was from -0.488 to 1.994. The mean ES (d+) was 0.372 (95% CI is
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0.336 to 0.408). The standard deviation of 0.362 reflects the small variability of ESs across studies. An effect is
said to be small when
ES=0.2, medium when ES = 0.5, and large when ES = 0.8 (Cohen, 1977). The results indicate that, on average,
there was a small to medium significant effect on student achievement; students in TSL classes had a
significantly higher achievement than in CI classes in Taiwan; in other words, around 64.5% of the elementary
students in Taiwan using computer technology in their math classes performed significantly better than those
who were not using one. The effectiveness of TSL is also confirmed by 92% of positive ES values. The slight
moderateness of the effect must be keep in mind, however. With more than 10704 subjects included in this
meta-analysis, the generalization of this study is considered stable. Table 2 presents statistics related to the
final collection. However, homogeneity statistics (QT = 322.57, df = 160, p < .0001) indicate that findings were
significantly heterogeneous. A series of subgroup moderator variable analyses were then conducted.
Table 2. Descriptive statistics for the final collection of data
Moderator Variables Analysis
Table 3 displays the results of the homogeneity statistics (QT) analysis for each moderator variables. Of
the 8 variables analyzed, 4variables were significantly related to the variability in the outcome: 1 variable
(grade level) was approaching significance (QB= 5.843, p=.054). Each of the variable is discussed in the
following section.
Population
Estimates
Final Collection

N of Studies

K

d+

Lower 95th

Upper 95th

161

81

0.372

0.336

0.408

Heterogeneity Analysis QT =322.57, (df= 160), p < .0001
k

%

d

23
49
89

14
31
55

0.275
0.380
0.397

6.139***
11.388***
16.08***

Learning Topic in Math
1. Number & quantity
2. Geometry
3. Algebra
4. Probability & statistics
5. Mixed
6. Unknown

105
46
3
2
4
1

65
29
2
1
3
1

0.373
0.349
0.302
0.814
0.452
0.801

Type of Publication
1. Journal article
2. Thesis
3. Conference paper

9
151
1

6
94
0.6

1
95
65

Category
Grade Level
1. G1-G2
2. G3-G4
3. G5-G6

Year of Publication
1. 1993-2000
2. 2001-2010
3. 2011-2017
Method of Integration
1. Communication &
Interaction
2. Web Quest

QB

df

[0.187~0.362]
[0.314~0.445]
[0.349~0.446]

5.843

2

16.562***
10.184***
2.892*
4.284***
4.079***
2.797**

[0.329~0.417]
[0.282~0.416]
[0.097~0.506]
[0.442~1.187]
[0.235~0.669]
[0.240~1.362]

9.098

5

0.531
0.362
0.706

6.523***
19.428***
2.328*

[0.372~0.691]
[0.326~0.399]
[0.112~1.3]

5.31

1
59
40

0.446
0.415
0.305

1.557
17.785***
10.497***

[-0.115~1.007]
[0.369~0.461]
[0.248~0.362]

8.81*

2

110

68

0.360

16.25***

[0.316~0.403]

3.392

4

21

13

0.406

8.349***

[0.311~0.501]

z

30

95% CI

2

3.
4.
5.

Game-based learning
M-learning/U-learning
Flipped learning

17
7
6

11
4
4

0.402
0.484
0.292

7.147***
5.115***
3.473**

[0.291~0.512
[0.3~0.668]
[0.127~0.457]

64
73
9
6
5
4

40
45
6
4
3
2

0.403
0.365
0.524
0.448
0.196
0.019

13.890***
13.466***
6.392***
3.99***
2.764**
0.145

[0.346~0.46] 18.617**
[0.312~0.418]
[0.364~0.685]
[0.228~0.668]
[0.057~0.335]
[-0.237~0.274]

5

Teaching Device for Teacher
1. AV media & computer 123
2. Tablet computer
6
3. Interactive whiteboard
25
4. Others
2
5. Mixed
4

76
4
16
1
3

0.354
0.599
0.460
0.991
0.172

17.208***
5.915***
9.073***
4.601***
2.131*

[0.314~0.394] 24.427***
[0.401~0.798
[0.36~0.559]
[0.569~1.413]
[0.014~0.33]

5

Learning Device for Student
1. Paper and pencil
2. Desktop computer
3. Tablet computer
4. IRS
5. Mixed
6. Unspecified

Intervention Duration
1. 40-200 mins
46
29
0.383 11.292***
[0.317~0.45] 14.724*
5
2. 200-400 mins
66
41
0.403 13.783***
[0.346~0.46]
3. 400-600 mins
21
13
0.463 8.961***
[0.362~0.564]
4. 600-1200 mins
16
9
0.250 4.871***
[0.149~0.35]
5. Over 1200 mins
3
2
0.226
1.709
[-0.033~0.484]
6. Unspecified
9
6
0.236 3.226**
[0.092~0.379]
Table 3. The effect sizes of categories and their related moderator variables
Grade Level
For grade level, given that more than half (55%) of ESs were conducted for G5-G6 students and only
23(14%) ESs were for G1-G2 students seems to suggest that TSL studies were more popular for teenage
learners. The mean ESs for G1-G2 (d=0.275, p<0.001), G2-G3 (d=0.38, p<0.001), and G5-G6 (d=0.397, p<0.001)
were all positive and significantly different from zero, indicating that students’ mathematics achievement in
TSL classes were significantly better than in CI classes for all elementary learners. The test of QB-statistics was
approaching significance, indicating that the effects of TSL were varied for different age group. In addition, the
ES for G1-G2 was noticeably lower than the other two age groups. A possible reason is that younger learners
may not have enough skills to well control some technology such as desktop computers and IRS and that may
affect their learning outcomes. In all, the results seem to suggest that TSL are more effective on students’
achievement than CI in all elementary students.
Learning Topic in Math
The learning topic of mathematics education for G1 through G9 was announced by the Ministry of
Education of Taiwan in 2006. The topics include: number and quantity, geometry, algebra, probability and
statistics and mixed. Studies included in the present meta-analysis were spread over all 5 topics, among them
151 (94%) studies were focused on 2 topics: number and quantity (65%), and geometry (29%). When
integrated technology into math class, number and quantity (d=0.373, p<0.001), geometry (d=0.349, p<0.001),
algebra (d=0.302, p=0.004), probability and statistics (d=0.814, p<0.001), and mixed (d=0.452, p<0.001), had
moderate ESs. However, the test of QB-statistics was not significantly different from zero (QB = 9.098, df = 5,
p=0.105), indicating the ES did not differ significantly between the categories.
Type of Publication

31

For type of publication, 151 (94%) studies were from thesis and only 10 (6%) studies located from
journal and conference. This is quite typical in Taiwan, because most journals in Taiwan restrict number of
pages in an article, as a result, many journal articles in Taiwan do not report detail quantitative data, which
restrain them from being included in a meta-analysis. The mean ESs for thesis (d=0.362, p<0.001), journal
article (d=0.531, p<0.001), and conference paper (d=0.706, p=0.02) were all positive and significantly different
from zero, indicating all publication types had moderate ESs. However, the test of QB-statistics was not
significantly different from zero (QB=5.31, df = 2, p=0.07), indicating the ES did not differ significantly between
the categories.
Year of Publication
For year of publication, we grouped studies into three decades: 1993-2000, 2001-2010, and 20112017. Because there is only one study published in 1993-2000, the further analysis regarding this decade is not
necessary. The mean ESs for studies published in 2001-2010 (d=0.415, p<0.001) and 2010-2017 (d=0.305,
p<0.001) were all positive and significantly different from zero, indicating studies in these two decades had
moderate ESs. The test of QB-statistics was significantly different from zero (QB=8.81, df = 2, p>.05), indicating
the ES differed significantly between the categories. Studies published in 2001-2010 had higher mean ES than
in 2020-2017.
Method of Integration
The method of integration are categorized into five types. The communication and interaction included
studies using all kind of technology such as PowerPoint, IRS (interactive response system), IWB (interactive
whiteboard) to communicate with students in a class. The fact that 68% (110) studies were coded as
communication and interaction, suggests that this type of integration was most popular in Taiwan. The mean
ESs for all five types of integration were all positive and significantly different from zero, indicating method of
integration had moderate ESs. However, the test of QB-statistics was not significantly different from zero
(QB=3.39, df = 4, p=0.49), indicating the ES did not differ significantly between the categories.
Learning Device for Student
Learning devices used by students in a technology supported math class include paper and pencil,
desktop computer, tablet computer, IRS, and mixed. The fact that 95% of studies used paper and pencil (40%)
and desktop computer (45%) as learning devices is possibly because these two devices are much easier to get,
comparing to other learning devices, in a classroom setting. The mean ESs for all five devices were all positive
and significantly different from zero, indicating learning device for student had moderate ESs; in other words,
no matter what devices used, students in TSL classes performed better than in CI classes. Furthermore, the test
of QB-statistics was significantly different from zero (QB=18.617, df = 5, p>.01), indicating the ES differed
significantly between the categories. Tablet computer (d=0.524) and IRS (d=0. 448) had higher mean ES than
other devices. A possible explanation is that tablet computers and IRS are more novel than desktop computer
and paper and pencil for elementary students in Taiwan; a novelty effect might be exist.
Teaching Device for Teacher
Devices used by teachers in in a technology supported math class include AV media and computer, tablet
computer, IWB, and mixed. The fact that more than 75% of studies used AV media and computer for teaching
is somewhat normal, because these devices are considered as basic devices for classroom. The mean ESs for all
five devices were all positive and significantly different from zero, indicating teaching device for teacher had
moderate ESs. The results suggest regardless devices used by teachers, students in TSL classes would get higher
achievement than in CI classes. In addition, the test of QB-statistics was significantly different from zero
(QB=24.427, df = 5, p>.001), indicating the ES differed significantly between the categories. Tablet computer
(d=0.599) and IWB (d=0. 46) had higher mean ES than other devices. The novelty effect might be the reason as
stated earlier.
Intervention Duration
Intervention duration is usually a crucial study feature in meta-analysis, particularly after Clark (1983)
claimed that the effects of new media to instruction were due to a novelty effect because the treatment effects
was reduced when intervention duration lasted for longer period of time. In the present meta-analysis, the
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mean ESs for 40-200 minutes (d=0.383, p<.001), 200-400 minutes (d=0.403, p<.001), 400-600 minutes
(d=0.463, p<.001), 600-1200 minutes (d=0.25, p<.001) were all positive and significantly different from zero,
indicating studies with such intervention durations had moderate ESs. In addition, the test of QB-statistics was
significantly different from zero (QB=14.724, df = 5, p>.05), indicating the ES differed significantly between the
categories. The highest ES went with interventions of 400-600 minutes, followed by the interventions of 200400 minutes and 40-200 minutes. Interventions of 600-1200 minutes and over 1200 minutes had lower ES.
The lower ES found for longer interventions seems to support Clark’s viewpoint. However, there were only 19
(11%) studies had more than 600 minute duration, this result may be considered tentative.
Evaluation of the Publication Bias
Because about 94% of studies were retrieved from dissertations/thesis, Rosenthal’s (1991) Fail-safe N
and Orwin’s Fail-safe N formula were calculated to account for publication bias. The Rosenthal’s fail-safe N test
revealed that a total of 9527 studies with null results would be needed in order to nullify the ES. Moreover, the
Orwin’s fail-safe N also decided that the number of missing null studies required to bring the existing overall
mean ES to a trivial level (g = 0.01) was 5828. It is unlikely that there are that many well-constructed studies
sitting in file drawers that would negate our results.

Conclusion
In general, the results of this meta-analysis are encouraging. By examining the empirical research that
has been conducted on the effects of integrating technology into mathematics for elementary students in
Taiwan, our research findings provide an accumulated research-based evidence for positive outcomes of using
technology in math classes and how those effects vary among moderator variables. We found that integrating
technology in math teaching produced a small to medium significant mean ES of o.372 on student achievement.
These means around 64.5% of the elementary schoolers in Taiwan who were learning math with the help of
computer technology would perform significantly better than those who were not using one. The analyses of
selected moderator variables also revealed some interesting trends when integrating computer technology in
math classes. Left unanswered is the question of which factors truly contribute to the positive outcomes.
Studies of this question will require further clarification of the exact relationship between computer
technology, math, and learning. The present meta-analysis only points out improvements of elementary
schoolers’ math achievement through computer technology are possible. That information by itself is useful.
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Introduction:

With the increase use of technology tools in classrooms, training preservice teachers to integrate
technology in specific content area using a “traditional” lecture method, does not provide them with the
context for classroom application. Researchers recommend that to use technology effectively in a classroom,
teacher must master the interplay of three primary forms of knowledge: knowledge of content, good
pedagogical practices, and technical skills as well as an understanding of how these forms of knowledge
interactively relate to one another (Mishra & Koehler, 2006). Further, social learning theorists (i.e., Bandura,
1977; Vygotsky, 1978) asserted that learning process is complex, multidimensional, and connected to the
learner's experiences. Although the new generation majoring in education are mostly familiar with social
media and online interaction technologies, there is growing concern as to whether they are prepared to
integrate technology tools into effective lessons for their students based on sound pedagogy (Nilson, 2016).
Although lecture-based teaching strategy used for decades as an effective way to help students acquire
new knowledge (e.g., Hattie, 2009; Schwerdt, 2009), many educators argue that this teaching model is mostly
static, passive and not suitable for teacher candidates preparing for extended field experience and careers in
teaching. Students reported also that the information delivered during lectures may come too slowly or cover
what they already know; other students have trouble taking in information so rapidly, or they may lack the
prior knowledge needed to understand the presented content (Goodwin & Miller, 2013).
A growing number of teachers started using different teaching strategy through creating flipped or
inverted classrooms. This teaching strategy involves moving the lecture content before class and working on
homework and hands-on activities during class time. For example, the data from the Flipped Learning Network
(2012) indicated that membership on its social media site rose from 2,500 teachers in 2011 to 9,000 teachers
in 2012. In the flipped teaching strategy, educators can employ online asynchronous educational video,
recorded lectures or readings and spend time in class working on problems or exercises through active, groupbased problem-solving activities. The learning materials can incorporate multimedia visual representations,
such as interactive graphs, photos or animation. During watching the video, lectures or reading the text,
students have the chance to control the pace of the multimedia streaming to match their own learning
preferences. Students can also watch or listen to recordings of class lectures on their computers, tablets,
smartphones, or personal media players outside of class, leaving class time to engage in learning activities that
might otherwise assigned as homework (Frydenberg, 2013).

Theoretical framework:

The present study utilized the theory of planned behavior (TPB) (Icek Ajzen, 1985, 1991) to assess
the intention change of preservice teachers regarding technology integration. According to TPB, there are
three main factors may predict individuals’ intention to perform a specific behavior: attitudes (individual’s
feelings about performing a behavior), perceived norms (individuals’ perceptions of the social pressure to
perform a behavior), and perceptions of behavioral control (PBC) (individuals’ perceived ability to perform a
behavior). Individual’s Attitudes represent the overall evaluation of the significance of a behavior. If the
behavior in question is believed to have positive consequences to the individual, it is more likely that he or
she will be expected to perform the behavior. Perceived norms represent the individual’s perceptions of the
social pressure to perform a behavior. If individual believes that significant others (e.g., peers, students,
superiors) want him or her to perform a specific behavior it is more likely that the individual will perform the
behavior. Finally and consistent with Bandura’s self-efficacy (1977, 1982), TPB adds perceived behavioral
control (PBC) as a predictor of intention to perform a behavior (i.e., individual’s perception as to how easy or
difficult they can perform a behavior).
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Intention according to TPB is an indication of a person’s readiness to perform a given behavior and is
assumed to be the immediate antecedent of behavior (Fraser et al., 2010). It is thus postulated that PBC and
behavioral intention can be utilized to directly predict behavioral achievement. Especially, when behaviors
pose no serious problems of control, they can be predicted from intentions with considerable accuracy (Icek
Ajzen, 1991). Given this close relationship between intention and behavior, individuals’ intention is the most
important factor in predicting their decision to take a specific action. For example, many studies utilizing TPB
framework found that attitude towards the behavior, subjective norm, and perceived behavioral control
accounted for change in behavior and intention (Armitage & Conner, 2001).
In the context of the present study and based on the TPB, the researchers hypothesized that if
preservice teachers are attending a technology integration course and use flipped teaching method as
teaching tool, they will be anticipated to improve their intention to integrate technology in their future
classrooms when: they improve the mastery of the use of technology in teaching. Second, when their peers,
their students and their superiors favor them to do so. Finally, when they are confident to integrate
technology in their future classrooms.
Flipped Classroom:
Researchers on the flipped classroom do not agree on the type of activity that constitutes the flipped
teaching model. For example, some researchers tend to delineate the flipped classroom in a broad definition
and suggest that assigning video or reading outside of class and having discussions in class constitutes the
flipped classroom. Bishop & Verleger (2013) reject this definition and describe the flipped classroom as an
educational technique that consists of two parts: interactive group learning activities inside the classroom, and
direct computer-based individual instruction outside the classroom. According to this definition, flipped
teaching strategy may use videos or readings as an outside of the classroom activity. For example, Demetry
(2010) provides lecture notes for students to read at home prior to the class session, rather than providing
video lectures to help meet the goal of increasing “time on task” to complete course-related activities. Other
researchers identified flipped classroom as “events that have traditionally taken place inside the classroom,
now take place outside the classroom and vice versa” (p.32) (Lage, 2000). Therefore, flipped classroom is based
on the idea that students are engaged in group interactive learning activities inside the classroom. To make
sure that students watched the videos or completed the reading at home, students can respond to “clicker
questions” to report their progress as they work on the exercises (Houston, 2012). Finally, the learning
activities as well as the assigned homework in flipped teaching model vary widely between studies. For
example, some activities are made up of asynchronous web-based video lectures and closed-ended problems
or quizzes, while others consider that the flipped classroom actually represents an expansion of the curriculum,
rather than a mere re-arrangement of activities (Bishop & Verleger, 2013).
Self-efficacy and Learning
According to social cognitive theory (Bandura, 1997) self-efficacy is a form of self-judgment that
influences decisions about what behaviors to undertake, the amount of effort and persistence put forth when
faced with obstacles, and finally, the mastery of the behavior. According to Bandura, self-efficacy is not a
measure of skill; rather, it reflects what individuals believe they can do with the skills they possess. For
example, in discussing self-efficacy in computer use, Compeau and Higgins (1995) distinguished between
component skills such as formatting disks and booting up the computer and behaviors individuals can
accomplish with such skills, such as using software to analyze data. Thus, preservice teachers’ perception of
their self-efficacy focuses on what they believe can accomplish with the knowledge they master during their
learning. It does not refer to a person's skill at performing specific learning related tasks (e.g. class
management, integrate technology in their teaching and mastering a content area). Instead, it assesses a
person's judgment of his or her ability to apply knowledge and skills in a broader context.
Preservice teachers participating in a technology integration course learn skills and knowledge of
teaching with technology in an actual classroom. Self-efficacy beliefs are a key component for preservice
teachers’ success in overcoming the fear they may experience in this new area. For example, Compeau and
Higgins (1995) empirically show that there is a relationship between computer self-efficacy and computer
use. Staples (1999) found that those with high levels of self-efficacy in remote computing situations were
more productive and satisfied, and better able to cope when working remotely. Consequently, novice teachers
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enrolled in a technology integration course are required to develop set of skills to prepare them to teach with
technology and to perform successfully a distinct set of behaviors required to establish, maintain and utilize
effectively teaching with technology beyond basic personal Internet and computer skills.

Research Questions

Although large body of research investigated the applications and practices of the flipped teaching
strategy in different learning context, there have been limited research to examine its effect on preservice
teachers’ intention change to integrate technology in their future classrooms. Therefore, the purpose of this
study was to investigate the effect of using flipped teaching strategy on preservice teachers’ self-efficacy and
intention to use technology in their future classroom. This study was guided by the following research
questions:
1. What factors best predict preservice teachers' intentions to integrate technologies in their future
classrooms in a flipped teaching setting?
2. Does flipped teaching method change preservice’ teachers’ intention, attitude and perceived
behavioral control to use technology in their future classrooms?

Study Model Framework

Grounded in TPB (Icek Ajzen, 1991), this study employed a model with four main constructs to predict
students’ technology integration in their future classrooms: Students’ attitudinal beliefs, Students’ subjective
norms, Students’ perceived behavioral control and students’ intention to integrate technology in their future
classroom.
Figure 1: Study model addressing preservice teachers’ intention to use technology in their future classroom

Methodology:
Research design

This study employed quantitative method to examine the effect of flipped teaching method on
preservice teachers’ intention to integrate technology in their future classroom. The researchers employed
multiple linear regressions to identify the strength of the effect that flipped teaching method has on
preservice teachers’ attitudinal beliefs, subjective norms, and perceived behavioral control leading to change
in their intention to use technology in their future classroom. Data were collected through using an online
survey questionnaire to collect their opinion, demographic information and participants’ responses to
multiple items measuring each construct reflected in the research model (Fig. 1). IRB was obtained for this
study and all ethical requirements were observed.

Participants

The researchers employed a convenient sample to select participants in the current study.
Participants were preservice teachers (n = 71) enrolled in three different sections in a required technology
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integration course in a Midwest university (one graduate section and two undergraduate). Out of the 71
participants, 62 students completed all surveys and received course extra credit for participation.

Instruments:

Researchers in this study employed two questionnaires: Demographics and TPB surveys. The
demographic questionnaire consisted of eight categorical response-type items to collect information about
the participants’ makeup, such as students’ gender, age, years in college, major, ethnicity and learning style.
The TPB survey was adapted from Ajzen (2014) and modified to measure constructs predicting students’
intention to use technology in their future classrooms. The TPB survey consisted of four sections: Attitudinal
Beliefs, subjective norms, perceived behavioral control and intention.
Attitudinal Beliefs: This construct comprised of two items: students’ perceived usefulness of using
technology in their classrooms and perceived level of proficiency to use technology. The questionnaire was to
solicit about students’ perceived usefulness of technology tools they created or used during attending the
technology integration course. For example, a question was: I would have no difficulty explaining why
technology may or may not be beneficial. Students had the five-point Likert scale to choose from (1 = Strongly
Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree, 5 = Strongly Agree). Regarding students’
perceived level of proficiency to use technology, students responded to several statements to solicit about
their perceived level of proficiency. For example, a question was: Please list your level of proficiency with the
following technology tool (technology tools they learned about, created or used during attending the course
such as building educational website, etc.): Students’ responses were measured using four-point Likert scale
(1 = Never Use, 2 = Novice, 3 = Competent, 4 = Proficient).
Subjective norms: This construct comprised of three items: students’ influence, superior influence and
peer influence. Subjective norms: Students responded to several statements soliciting about the influence of
their students, superior and peers on their decision to use technology in future classrooms. For example, a
sample question was “My students will think it is important to use technology in my classroom”, “My
superiors will think it is important to use technology in my classroom” and “My peers will be using
technology in their classrooms”. Students can indicate their choices from five-point Likert scale (1 = Strongly
Disagree, 2 = Disagree, 3 = Neither Agree nor Disagree, 4 = Agree, 5 = Strongly Agree).
Perceived behavioral control: This construct comprised of two items Students’ learning autonomy and
perceived self-efficacy. A sample question solicit about students’ learning autonomy was “I am comfortable
with using technology in teaching and learning”. Students choose one from four-point Likert scale (1= not at
all comfortable, 2 = a little comfortable, 3 = comfortable, 4 = Very comfortable). To solicit about students
perceived self-efficacy, they were asked several questions to solicit about confidence to conduct different
tasks related to integrating technology in a classroom. An example of a question was: “After concluding
technology integration in teaching and learning in your content area: How certain are you that you can use
technology your content area to increase productivity, promote creativity, and facilitate academic learning.
Rate your degree of confidence by recording a number from zero to 100 using the scale given below”.
Students can indicate one from eleven-point Likert scale (1 = 0 cannot do at all to 11 = 100 highly certain can
do).
Intention: Students’ intention to use technology in their future classroom was addressed through several
statements such as “I plan to use the following technology tool in my future classroom to supplement my
students' learning”. Tools include building educational website, cartoon strip, online collaboration, digital
storytelling, digital flashcards, animation, podcast, instructional games, interactive whiteboard video, smart
board lesson, social networking, and WebQuest. Students’ responses were measured using true or false scale
(1 = False, 2 = True).

Validity and Internal Reliability of the Measurement Instrument
The researcher assessed the construct validity of all used scales and found that all
variables were significantly correlate to each other. The Pearson correlation coefficient was
calculated for each scale, and it was positive and significant. The Cronbach’s alpha internal
consistency reliability ranged from 0.383 to 0.695.
Procedure
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Students completed all surveys during the first week of the semester and then they
attended a 15-week technology integration course. Students created projects and artifacts
for all the learning topics. The final project was creating a personal e-portfolio to compile
and present all projects created during the semester. At the end of the semester students
completed a modified version of the same surveys they completed during the first week of
the semester.
Results:
Data Preparation and screening: All eight variables were screened for incomplete or unengaged
responses (students who answer the exact same value for every question on the survey leading to zero
variance). Responses with more than 20% missing values and unengaged responses were removed from the
data set. Responses less than 5% missing values were replaced with the median for ordinal scales and the
mean for continuous scales.
Multiple regression assumptions: The regression descriptive statistics output was checked for
multicollinearity assumption between predictor variables and found that correlations between variables
were less than 0.7 and therefore none of included predictors has multicollinearity. Further, all predictor
variables correlate with the outcome variable (student’s intention) at a value greater than 0.3. The linear
relationship between the independent variables and the dependent variable was checked through the
probability plot and found that all points were following a straight line. Then the scatter plot was checked and
found that regression standardized residual on the y-axis and the regression standardized predicted value on
the x-axis within negative 3 to 3. Next the residuals statistics was checked through standard residual and
found that standard residual the minimum -2.008 and the maximum 2.023. Finally, the Cooks Distance was
checked and found that the minimum was .000 and the maximum .505 and it was less than 1. ANOVA table
showed that there is statistical significance and therefore we reject the null hypothesis that the regression
slope is 0. The researchers used the R-square (this research has small sample size 71 cases) and the
dependent variable (intention) is normally distributed (Kolmogorov-Smirnova = .200).

Research Questions:

First question: To answer the first question “What factors best predict preservice teachers' intentions
to integrate technologies in their future classrooms in a flipped teaching setting?” The investigators
conducted multiple regression analysis to identify the unique variance predicted by independent variable.
Multiple Regression analysis: Regression finding: Multiple linear regression analysis was conducted to
develop a model predicting preservice teachers’ use of technology in future classrooms from their attitudinal
beliefs, subjective norms, perceived behavioral control and intention. The predictor model was able to
account for 44% of the variance in the dependent variable and was statistically significant at p < .000.
Individual predictors were examined further, and the result indicated that out of the all independent
variables, the only variable found not to be a significant predictor of preservice teachers’ use of technology in
future classroom was students’ attitude (t = -1.928, p = .059). Basic descriptive statistics and regression
coefficients summarized in Tables 1 and 2.
Table 1
Standard Multiple Linear Regression of Students’ Intention to Integrate Technology in their Future Classrooms Reported by
Preservice Teachers in Technology Course based on their perception of their attitude toward technology usefulness,
proficiency, peer, student and superior influences, learning autonomy and self-efficacy (n=61)
β
Sig.
PB Control
Sub Norms
Attitude
Intention
PB Control

Sub Norms
Attitude
Intention

.251
.558
-.215

1
Pearson
Pearson
Pearson

.573**
.225
.523**

1
.475**
.600**

1
.107

.040
.000
.059

1

Note. ** Correlations Coefficient p < 0.01, * p < 0.05; Sig. Indicate the unique variance predicted by independent variable.
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Table 2
Model Predictors: Attitude, Perceived Behavioral Control & Subjective Norms. Dependent Variable: Intention
M
od
el
1

R
.6
6
6

R
Squar
e

Adjusted R
Square

.443

Std. Error of the Estimate

.414

9.619

R Square Change
.443

Change Statistics
d
F
f
Change
1
15.394

d
f
2

Sig. F
Change

5
8

3

.000

Note: The predictor model accounts for 44% of the variance in the dependent variable and was statistically significant at p <
.000.

Second question: To answer the second question “Does flipped teaching method change preservice’ teachers’
intention, attitude and perceived behavioral control to use technology in their future classrooms?”
The investigators conducted a paired-samples t-test. The results show that the mean of all three variables at
the end of the course did not differ significantly from the mean of all three variables prior to attending the
course with flipped teaching method. These results suggest that the use flipped teaching method doesn’t
change preservice’ teachers’ intention, attitude and perceived behavioral control to use technology in their
future classroom. Basic descriptive statistics and paired samples t-test summarized in Table 3.
Table 3
Basic descriptive statistics and paired samples t-test comparing preservice’ teachers’ perceived self-efficacy, perceived
proficiency and intention to use technology in their future classrooms before and after (n=62)
Mea
n

Std.
Deviation

Std. Error
Mean

1.72
1

11.405

.197

.049

95% Confidence Interval of the
Difference
Lower

Upper

t

d
f

1.460

-1.200

4.642

1.17
9

6
0

13.313

1.705

-3.213

3.606

.115

6
0

13.203

1.690

-3.431

3.332

.029

6
0

Intention (B – A)

Attitude (B – A)

Behave. Ctr. (B – A)

Note. Intention, Attitude & Perceived behavior control (B – A): before & after

Discussion and scholarly significance of the study:

The purpose of the present study was to examine the effect of flipped teaching method on preservice
teachers' intention to integrate technology in their future classrooms. The study found that the predictor
model was able to account for 41% of the variance in students’ intention to use technology and was
statistically significant. The first question was to identify factors best predict preservice teachers' intentions
to integrate technologies in their future classrooms. The results of the current study indicated that preservice
teachers perceived behavioral control toward their intention to use technology is generally a better predictor
of their attitude or subjective norm. These findings were demonstrated by the multiple linear regression
results that indicated that although students’ attitude, subjective norm and behavioral control account for a
collective of 41% significant effect on their intention to use technology. The finding in this study is consistent
with findings from other studies that concluded that perceived behavioral control and subjective norms are
generally a better predictor of intention to act (Ahmad & Rainyee, 2014; Montano & Kasprzyk, 2015).
Furthermore, the results show that the mean of all three variables at the end of the course did not
differ significantly from the mean of all three variables prior to attending the course using flipped teaching
method. These results suggest that although the use of flipped teaching method can predict preservice
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teachers’ intention to use of technology, it does not change their attitude and perceived behavioral control
toward this behavior. One possible interpretation is that preservice teachers who are using personal
technology, such as smartphone or personal computer tend to believe that they are familiar with the use of
technology for teaching and learning and their self-reports on self-efficacy and attitude to use technology are
inflated. This was evident when they reported high level of self-efficacy to use technology at the beginning of
the technology course. However, after going through 15 weeks of the theory and practice of the science of
technology integration in teaching, they reported lower level of attitude. The other interpretation is that
preservice teachers who do have high level positive attitude are more likely to continue with the positive
attitude throughout the semester and report positive attitude to integrate technology in their future
classrooms. Therefore, the results of this study should be quite reassuring to those who believe that high selfefficacy and positive attitude produce positive intention and lead to the desirable act they are working to
achieve.
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Introduction
The working spaces and learning environments in the 21st century are often complex and rapidly
changing due to technological advancements. Learners need to be flexible to quickly adapt to such situations.
Studies have focused on how to train learners to become cognitively flexible. Personalized learning might be a
potential approach to increase its training effects. This work-in-progress study investigates individual
differences of learners’ cognitive processes throughout the game-based training to increase cognitive
flexibility.

Cognitive flexibility training and learner characteristics
Cognitive flexibility is defined as the individual ability to behave adaptively to novel, uncertain, and
changing situations by quickly restructuring one’s knowledge (Spiro, Coulson, Feltovich & Anderson, 1988).
Cañas et al. (2006) explained the underlying cognitive processes by how individuals adapt and be flexible.
First, individuals detect that the situation is new or changed. After correctly assessing and re-planning the
given situation, they behave in a flexible and adaptive way. Game-based training is one of the most actively
used approaches to train learners to be adaptive and flexible in dynamic environments. Technological
advancements allow to create various virtual environments where learners can experience and practice how
to deal with such changing circumstances in a situated context (Gee, 2005). A recent study of authors et al.
(submitted) reported empirical evidence that the game-based training with changing rules, increases
learners’ ability to adapt in changing environments.
Few studies discussed learner characteristics in relation to flexible and adaptive behavior. Morgan et
al. (2013) proposed four types of learner profiles during the training to be adaptive in multitasking
environments. They described that when the difficulty of tasks change, good adapters perform all tasks
equally well while poor adapters fail to perform well on all given tasks. Attackers focus only on more difficult
tasks while avoiders focus only on easier tasks. These learner types help researchers to better understand the
differences in learners’ adaptiveness, yet the question still remains of how learners differ in their cognitive
processes to be adaptive. Although the cognitive processes of Cañas et al. (2006) provide insight for
individuals to become cognitively flexible, there might be cognitive differences among individuals in how they
follow the process. For instance, some learners may lack the ability to be adaptive because they fail to
recognize that circumstances have changed. Others might face difficulties in analyzing or planning to deal
with the new situation. Or some learners may feel discomfort towards change. Therefore, a systematic
analysis is needed to identify possible differences between learners so that training can better accommodate
the needs of learners.
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Personalized learning for cognitive flexibility training
Personalized learning refers to customization of learning materials, instructional supports, and
learning trajectories in response to characteristics, needs, and behaviors of individual learners (Chrysafiadi &
Virvou, 2015). Studies on personalized learning reported positive learning effects and learner satistifaction
(e.g., Aleven et al., 2016; Wickens, Hutchins, Carolan & Cumming, 2013). Previous studies stated various
strategies for personalized learning (e.g., O'Donnell, Lawless, Sharp & Wade, 2015). A learner-centered
approach provides learning autonomy to learners, which guides learners to monitor their learning progress,
and to select the learning materials or level of difficulty that suits them. In an instructor-centered approach, a
human or machine instructor diagnoses learners’ learning process and provide tailored instruction or
materials. Personal profiling based on learner characteristics is another commonly used approach (e.g.,
Chrysafiadi & Virvou, 2015). Techniques such as grouping common characters of learners and diagnosing
mistakes have been actively used in personalized learning to analyze learner characteristics and to derive
patterns of learners for personal profiling.
Based on the positive experiences of personalized learning reported in the literature, we argue that
personalizing a game-based training might enhance learners’ cognitive flexibility to better deal with changing
situations. There are few studies on game-based learning in this topic that applied personalized learning
methods. Bell and Kozlowski (2008) study focused on customizing the instructional strategy for learners to
explore, tolerate their own mistakes, and control their emotions during their training. Hughes et al. (2013)
study allowed learners to select the difficulty of learning materials during the training. In both studies,
positive effects of tailored instructional approach was reported on achieving the learning goal of adaptive
behaviors. However, personal profiling was not the used approach in either study. Therefore, applying a
personal profiling method to personalize training of cognitive flexibility may still yield positive learning gains.
As the challenges of identifying learner characteristics have been highlighted, deriving personal profiles by
analyzing data, which is collected during a training, might be beneficial. Moreover, modifying a technique to
create virtual personas in Human Computer Interaction (e.g., Acuña, Castro & Juristo, 2012) may be useful in
deriving learner profiles, due to its systematic process of recognizing meaningful patterns.

The present study
The aim of this study is to investigate whether personalizing reflection feedback on learning process
is beneficial to learners during game-based training to enhance cognitive flexibility. In order to achieve our
goal, we will first investigate whether there are individual differences on learners’ cognitive processes
throughout a training. We will examine learner characteristics using participants’ data from our previous
experiment (Authors et al., submitted). Through the analysis of participants’ written reflection on their
reasoning process, we will derive learner profiles, if we find sufficient evidence that there is apparent
differences on learners’ cognitive processes. Our expectation is that there is evident differences in learners’
cognitive processes throughout the training.

Method
Material: Game-based learning scenarios
A narrative-rich PC game was used for the training to enhance learners’ cognitive flexibility in
changing environments (Authors et al., 2017a; 2017b; submitted). The game consists of three scenarios of a
robot threat, nanotechnology and border control, respectively. In each scenario, learners need to make the
best decisions while the surrounding situation changes. Each scenario consists of three phases (See figure 1)
of learning (LP), consolidation (CP) and test (TP). During the LP, learners learn rules to make good decisions.
During the CP, learners put the learned rules into practice. At the end of the CP, a major event is introduced
(e.g., solar storm) that changes the rules of the underlying game. The learners are not told this. In the
subsequent TP, they need to discover these rule changes from the feedback on their actions, and then need to
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figure out how to adapt their actions to the changed rules. To achieve successful performance during the TP,
learners need to follow the cognitive processes of detecting the changed rules, re-planning, and making
decisions accordingly.

Figure 1: Structure of the game

Material: Shadowbox reflection
Authors et al. (2017b) have argued that game-based training in rule-changing environments should
be accompanied with cognitive reflection. The Shadowbox method of cognitive skill training (Klein & Borders,
2016) was used for this reflection. During the Shadowbox reflection, learners check the validity of their
assumptions and line of reasoning by comparing their reasoning with those of experts. This method was
applied during the game training, once after the initial rule and once after the rule change (See figure 1) for
scenario 1 and 2. This was done as follows: during the game-based training scenario, participants (n=49)
received an assignment in which they had to prioritize four given possible actions from the most suitable to
the least suitable. Then, the participants were asked to write down their argumentation. Subsequently, they
were provided with experts’ prioritization and argumentations. Participants were then asked to compare
both, and to evaluate the underlying reasons for the similarity or differences between solutions.

Analysis method
To analyze the learners’ characteristics of their cognitive processes throughout the game-based
training, we conducted a pattern analysis on participants’ written reflection data. The analysis followed five
steps, which is modified from the Personas technique in HCI (Acuña, Castro & Juristo, 2012). The first step
was to state the preliminary hypotheses. We hypothesized that there are four types of learners (See figure 2),
based on the literature and our experiences with learners from previous experiments. Among the four types
of learners, we hypothesized that learners who are unable to detect the change (category 1) cannot recognize
that situations have changed. Also, learners who cannot re-plan according to changed situations (category 2)
will recognize the changes but will fail to correctly apply new rules to the modified situations. Learners who
cannot not respond adaptively (category 3) will properly recognize the changed situations and can re-plan
accordingly, yet they will still behave inflexibly. Learners who are adaptive and flexible (category 4) will
recognize the changed situations, re-plan accordingly, and behave adaptively. The second step of the pattern
analysis was to identify behavioral variables. The variables we selected are: participants’ scores on
prioritization assignments, correctness of initial and changed rule detection, correctness of applying initial
and changed rules, and the four hypothesized learner categories. During the Step 3, we mapped each
participant to identified behavioral variables. One approach we took was to map learners by their
prioritization assignment scores (See table 1 for the result). Our second approach was to analyze the
reasoning of each participant’s written reflection based on our hypotheses. During this analysis, we applied a
profiling technique to analyze how much participants’ reasoning deviated from those of experts (Chrysafiadi
& Virvou, 2015). Then, we assigned each participant to hypothesized categories. Step 4 was to identify
significant behavioral patterns (See table 2 for the result). During this step, we followed another profiling
technique to search for participants’ common errors and misconceptions (Chrysafiadi & Virvou, 2015) in
detecting, and applying the initial and changed rules correctly. Lastly, step 5 was to identify all inclusion
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criteria per pattern. In particular, we verified whether identified patterns matched per hypothesized
category, and then we concluded the derived patterns.

Figure 2: Hypothesized learner profiles on cognitive processes

Result
Table 1 shows an example of learner categorization based on the participants’ prioritization
assignment scores. This result derived from the analysis in step 3. Table 2 is the result of the analysis in step
4, an established pattern based on the four categories hypothesized. The comparison between the results of
table 1 and 2 reveals that not all participants who scored high on the assignment wrote correct reasoning
during the reflection. Also, the pattern analysis revealed that we were able to assign the majority of
participants into the four hypothesized categories. However, some placements for category 2 and 3 were
open to interpretation due to the analysis required of the reasons why these participants failed to adapt. This
result is inconclusive because of the difficulty in analyzing whether some participants failed to adapt due to
bad planning, or they failed not due to planning but due to the decision not to execute their plans. Therefore,
we adjusted the learner profiles (See figure 4), based on the conclusions made after the analysis. Instead of
four categories, we categorized learners into three types: learners who fail to detect change, learners who fail
to re-plan and behave adaptive, and adaptive or flexible learners. Another finding was the interference of
participants’ prior knowledge on rule learning, which negatively affected their cognitive processes. Although
we recognized this pattern on less than 15 % of the total participants, the interference occurred throughout
the learners in all hypothesized categories. Therefore, this characteristic was not added as a new category
when the profiles was established. Instead, we will discuss ways to solve this issue. During the presentation,
we will provide more examples and details of the analyzed data, the developed personalized instructions, and
learners’ evaluation (pilot study) of the personalized training.

48

Table 1: Participants’ data categorized according to their assignment scores (Step 3)

Table 2: Established pattern of learner profiles based on participants’ data (Step 4)

Figure 2: Adjusted learner profiles based on the pattern analysis

Discussion and conclusion
The current work-in-progress study examined whether differences among learners’ cognitive
processes are apparent throughout the game-based training to increase cognitive flexibility. The empirical
findings of the pattern analysis showed that three types of learners were identified based on the participants’
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cognitive processes. The differences between the learners generally aligned with the underlying cognitive
processes of Cañas et al. (2006). However, we found that there were few cases where learners’ prior
knowledge interfered with the process of rule learning and application regardless of the proposed categories.
This was unexpected, as the scenarios were purposely created in a futuristic context to prevent such
interference (Authors et al., 2017a; 2017b; submitted). A possible solution is to improve the glossary by
providing more details on items that are relevant to initial and changed rules (e.g., tank is type of a land
vehicle). Another interesting finding is that some learners did re-plan well but did not always adapt
accordingly. Although this type of learners can successfully recognize environmental changes, it is possible
that their low confidence in their ability to successfully re-plan stopped them from executing it (Ivancic &
Hesketh, 2000). These types of learners need different feedback to become adaptive, compared to learners
who need guidance on recognizing the changed situations.
Based on our findings, we conclude that differences in the cognitive processes among learners are
evident throughout the training. Also, personalizing the reflection feedback based on our learning profiles
could benefit learners and their learning process of increasing their cognitive flexibility. Our contribution to
the personalized learning society is that we took a rigorous approach to define learner profiles on the
cognitive processes based on the data collected, which could be useful for personalized learning in other
domains that involve complex cognitive processes. Furthermore, our study could be helpful for practitioners
who want to implement the concept of personalized learning in real-life educational trainings. As this study is
in its preliminary phase, there are several challenges. Based on the derived personal profiles, it is important
to focus on strategies (e.g., scaffolding) in developing personalized reflection feedback that can efficiently
accommodate the needs of each learner. An important issue is how to automate the diagnosis process during
the real-time training. Moreover, further investigation is needed to test the effect of the personalized
reflection feedback during the game-based training, for the purpose of enhancing cognitive flexibility.
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Introduction
Virtual Reality (VR) and Augmented Reality (AR) technologies are rapidly expanding and are
considered to be the new platforms for innovations in IT in the era of the fourth industrial revolution. Global
IT companies are seeing rapid growth by launching a variety of devices related to VR and AR. VR and AR have
been used mainly to enhance the impression of realism in video games, but recently its applicability has
expanded to medicine, astronomy, military, education, and so on. VR and AR technologies are facilitating the
development of new learning environments and learning tools, and are expected to be introduced more widely
in the education field in the near future (Adams, Freeman, Giesinger, Cummins, & Yuhnke, 2016). With the
recent introduction of smartphone-based VR and AR content and devices, and Head Mounted Displays (HMD),
VR and AR are rapidly spreading into the education field (Kye et al., 2016). These developments can help
universal access to education by enhancing the accessibility and usability of VR and AR technology (Adams et
al., 2016; Kye et al., 2016).
As AR and VR technologies provide an immersive experience, the learning experience through these
technologies is different from the learning experience using picture and video content. Moreover, VR and AR
content also provides a variety of learning contexts that were difficult to explore due to space or cost
constraints. In other words, the content not only offers simulation for learning but also indirect experience of
learning-related content, that is difficult to experience directly, which helps learners’ understanding (Kye et al.,
2016). In addition, the use of VR and AR content in education brings immersion to information by providing
realistic information to learners through three-dimensional objects (Antonietti & Cantoia, 2000; Gibson, 1979).
By utilizing three-dimensional visual information to provide a learning experience that reflects the actual
context, it is expected to facilitate embedded learning (Gibson, 1979; Kye et al., 2016).
However, the use of smartphone-based HMD to experience VR induces stereoscopic perception due to
binocular parallax. This can lead to motion sickness, caused by a mismatch of visual and vestibular sensations.
Furthermore, visual fatigue builds up because one has to continually refocus to perceive depth. In particular,
there are concerns about the adverse effects of VR technology, such as loss of contact with the real world and
the effects of visual stimulation on the child’s physical development (Kye et al., 2016). Therefore, these
concerns should be considered when VR and AR content is used by young learners, whose mental and
perceptual abilities are not fully mature yet.
In recent years, VR and AR technologies have been extended to learners. Owing to this, user experience
and evaluation have been recognized as important factors. In addition, the evaluation of experts and primary
nurturers should be carried out together in order to more clearly understand the points to be considered while
utilizing VR and AR in education. However, research on VR and AR is largely biased toward implementation of
new technology, and research on user experience for developing effective educational VR and AR content is
lacking. Moreover, there are not many empirical studies in which VR and AR content has been evaluated for
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actual learners, primary nurturers, and experts in the educational field. Especially, the evaluation of user
experience for young learners under 10 years of age is insufficient.
The purpose of this study was to investigate the quantitative and qualitative aspects of learning
experiences of the learners, the primary nurturers, and the experts in young learners, using VR and AR content
for educational purposes. In addition, this study intends to formulate a strategy to improve the quality of
educational VR and AR content development based on the evaluation of users and experts. The results of this
study suggest the implications of future use of VR and AR technology and content in the educational
environment.
<Research Question 1> How do the children evaluate the educational VR and AR content?
<Research Question 2> How do the primary nurturers evaluate the educational VR and AR content?
<Research Question 3> How do the experts evaluate the educational VR and AR content?

Theoretical Background
Educational use of VR and AR content
Being fast developing technologies, VR and AR technologies can affect the development of learning
environment and educational tools for future education. VR and AR content is expected to be widely adopted
in educational settings within two to three years (Adams et al., 2016). VR technology allows a user to be
immersed in a virtual space created by a computer and makes possible complete substitution of the real
environment with a virtual environment (Milgram & Keshino, 1994). On the other hand, AR is a technology that
lies between virtual reality and reality, and is a technique that improves the senses by adding virtual objects or
information to the user’s actual environment (Milgram & Keshino, 1994). In other words, AR technology differs
from VR in that it keeps the existing real environment of the user and infuses virtual information into the reality.
To sum up, both VR and AR technology allow users to feel as if they are interacting with virtual reality through
an interface capable of implementing a specific virtual environment.
As VR and AR technology rapidly progresses, various related devices are being developed. Currently
available devices can be divided into display-integrated and smartphone-based type. The display-integrated
type device is designed to optimize the system by receiving information from a PC and to increase the viewing
angle. However, it is heavy and difficult to carry. The smartphone-based type device uses a smartphone as a
display and a system, which is advantageous in that it is less expensive and more portable than an integrated
display However, it has limitations in terms of content specification and resolution. HMD, which is worn on the
head, is receiving the most attention as a display device for experiencing virtual reality. Google has introduced
a lightweight, portable, smartphone-based prefabricated cardboard that is widely used for viewing educational
VR and AR content.
Recently, various devices and a variety of content related to VR and AR have been widely launched,
and their application in the educational field is being actively attempted. As smartphone-based VR and AR
devices, and cardboard HMDs are light, cheap, portable, and easy to store, and it is possible to create a variety
of content for them, it is expected that they will be used in various educational fields (Kye et al., 2016). The use
of VR and AR content in education brings immersion to information by providing realistic information to
learners through three-dimensional objects (Antonietti & Cantoia, 2000; Gibson, 1979). In addition, VR and AR
can not only simulate learning but can also make possible the experiences impossible in the real world by using
virtual objects (Kye et al., 2016). In short, virtual reality provides a unified perception that helps learners
create, observe, and understand new relationships in the environment (Gibson, 1979; Kye et al., 2016).

Evaluation of VR and AR content
Evaluative research, a study to assess the usefulness, usability and attractiveness of a product, covers
the evaluation of affective aspects of user experience as well as the product’s performance in terms of accuracy
and speed (Hanington & Martin, 2012). It is a methodological approach, deeply rooted in the field of HumanComputer Interaction (HCI; Preece & Rombach, 1994), which designs, evaluates, and implements effective
methods and procedures for interaction between computers and humans. HCI emerged from Human-centered
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Design (HCD; Norman, 1988, 2013), a design philosophy that is grounded in human needs, capabilities, and
behavior (Dix, Finlay, Abowd, & Beale, 2004). Universally accepted evaluation areas for HCI and their
definitions are as follow: a) usefulness denotes the user’s ability to accomplish the desired task by using the
system, b) usability means if the user can operate the system without difficulty or error, c) affectiveness
denotes if the system is engaging and fun (Dix et al., 2004; Kim, 2005).
HCI is often studied as a Learner-centered Design (LCD) in education. Although LCD and HCI take a
homogenous approach in their user-centered perspectives, LCD contains teaching and learning theories as well
as HCI perspective (Soloway, Guzdial, & Hay, 1994). In LCD, therefore, each evaluation area mainly focuses on
learning: a) usefulness means whether the learner can achieve one’s learning goal by using the system, b)
usability means whether the learner can use the system without difficulty or error, c) effectiveness means
whether the system is engaging and fun for learners. Evaluating educational content following HCI and LCD
perspectives is meaningful because educationally useful content should be comprehensively assessed to ensure
that it is both easy to use and attractive to lead to a positive emotional experience.
Two principal strategies of evaluative research are evaluation by users and evaluation by experts
(Hanington & Martin, 2012). The user evaluation is a method to assess the personal experience of using a
product. Frequently applied techniques of user evaluation are a questionnaire, which is a self-report response
on a user’s own experience, and think-aloud method (verbal protocol), which allows the user to report what
they think and how they behave while using the interface. Although both techniques are commonly used in the
evaluative study, applying the think-aloud method when the user is a child has limitations because most
children have difficulty expressing their thoughts or feelings clearly.
Studies on user evaluation of VR and AR content for children were reported by Kye et al. (2016) and
Lee, et al. (2017). To enable learners to experience Russian natural environments and culture, Kye et al. (2016)
used photo-based VR content (Google Expedition) and video-based VR content (360Cites) in an elementary
social education class. Further, they asked learners about the overall learning experience, quality of learning,
usability, overall satisfaction, and wearability of the device through a questionnaire. In Kye et al.’s (2016) work,
wearability was evaluated to assess if wearing the device caused discomfort. They explained that the wearable
device should not disrupt the flow of learning. Lee et al. (2017) developed AR content for the English vocabulary
class of kindergarten students. In line with Key et al.’s (2016) study, they also used the questionnaires to
evaluate usefulness, usability, and intention to use the content. However, this user evaluation involved adults
(parents and non-parents) instead of children, the target user of Lee et al. (2017).
Expert evaluation is a method to assess a system according to experts’ knowledge and perspectives.
Most commonly used techniques for expert evaluation are heuristic evaluation and cognitive walkthrough
(Love, 2005). In heuristic evaluation, developed by Milich and Neilson (1990), a system is evaluated by an
expert in designing and evaluation, according to a given criterion. The primary advantage of heuristic
evaluation is that it requires a relatively small number of evaluators to accomplish effective evaluation. A
cognitive walkthrough is similar to heuristic evaluation in that the expert assesses the system following the
given criterion. However, unlike heuristic evaluation, in cognitive walkthrough an expert demonstrates each
stage of using the system to evaluate whether the users’ needs are attained (Love, 2005). Of the two methods,
heuristic evaluation is the more widely used one.
In recent research on VR and AR content, heuristic evaluation was conducted by experts. Lee (2017)
reviewed existing research on the educational use of AR and identified evaluation areas as presence,
affordance, and usability. Presence, which evaluates whether the content provides realistic experience to a
learner, was also included in Key et al. (2016)’s evaluation area of quality of learning. Ryu and Yu (2016), who
conducted heuristic evaluation for VR content, postulated presence as the main evaluation area.
Still, a general consensus on evaluation areas for emerging technologies such as VR and AR is not easy
to find. Studies on developing evaluation criterion have begun recently (Lee, 2017), and researchers seem to
have inconsistent perspectives on evaluating the use of VR and AR in education. Therefore, evaluation areas
from the HCD and LCD perspective, types and goals of VR and AR content, characteristic features of devices can
be comprehensively considered to derive valid criterion and areas for evaluation.

Methods
VR and AR content
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Three kinds of VR and AR content were evaluated in this study. The first kind of content was an
underwater scene that was viewed using VR technology called Crayon VR, with the aid of Google cardboard.
When a child paints an underwater creature such as fish or hippocampus on a paper, the creature painted by
the child appears on VR screen. The second kind of content, Komi & Friends, used AR technology and was based
on an illustration painted by a child. When a child looks at a character they painted through a smart device, the
character moves vividly. The third kind of content, Magic Carpet, is educational and uses AR technology. Unlike
the previous two kinds of content, several children can experience this together. Children can watch the content
by rolling the smart device with wheels on the carpet that has illustrations of the world map. Children need to
follow directions to find animals on the world map. The animals are presented in an interesting way through
storytelling. Figure 1, 2, and 3 show screens of three kinds of content.

Figure 1. Content 1: Crayon VR

Figure 2. Content 2: Komi & Friends
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Figure 3. Content 3: Magic Carpet
Participants
The actual users of the content are 4 to 7 years old children, and 19 such children were selected as the
main subjects for the evaluation. However, since children’s language and thinking abilities are not fully
developed, the variables, such as presence and flow through self-report items, can be analyzed only up to a
limit. According to previous studies, the characteristics of a child can be grasped through the response of the
primary nurturers as they are continuously observed while maintaining relationship with the child (Kim &
Park, 2017; Park, 2001). Therefore, the responses of 19 nurturers were additionally collected and used as
objective criteria. Furthermore, in order to confirm the face validity of the items, a pilot test was conducted on
6 children and 6 nurturers before the main evaluation. Table 1 shows the demographic information of the
children participating in the main evaluation.

Category
Gender
Age

Male
Female
3
4
5
6
7
Total
Table 1. The demographic information of the children
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n (%)
6 (32%)
13 (68%)
3 (16%)
2 (11%)
2 (11%)
4 (21%)
8 (42%)
19 (100%)

In addition, to evaluate the educational content using VR and AR, seven experts in early childhood
education and educational technology were selected. Table 2 provides information for each expert.

Nam
e

Affiliation &
position

K

Professor, Dept.
of Educational
Technology

Ph.D. in
Educational
Technology

Y

Assistant
Professor, Dept.
of Early
Childhood
Education

Ph.D. in
Educational
Technology

Adjunct
Professor, Dept.
of Educational
Technology
Director,
National Daycare
Center

Master of
Design &
Technology

14

Bachelor of
Early
Childhood
Education

21

Teacher,
Elementary
School

Ph.D. in
Educational
Technology

12

Visiting
Professor,
Education
Competency
Development
Center

Ph.D. in
Educational
Technology

10

Adjunct
Professor, Dept.
of Culture
Content

Ph.D.
candidate in
Educational
Technology

L

K

P

R

K

Educational
background

Experie
nce
(year)
30

19

Expertise

- Development and evaluation of
new media-based education
content
- Development of Multimedia
Education Content
- Evaluation of proposals and
deliverables of e-Learning content
- Activities of the e-Learning
content (instructional design)
evaluation committee
- Educational app book
development
- Practices in early childhood
education
- Research on project approach
- Completed Montessori course and
training in Japan
- Experience in educational content
development
- Research in elementary education
- Activities on software education
- Major in Computer Science (BS)
- AR museum content usability test
- Development of VR content

12

- Development and study of
educational games for elementary
school students
- Major in Elementary Education
and Educational Technology
- Experience in educational content
development and implementation

Table 2. The demographic information of the experts
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Instrument
As children were the focus of this study, the result was validated by conducting triangulation using
three data sources. Triangulation through child-nurturer-expert is essential in the research focusing on
children (Creswell, 2009). Two measuring instruments were used in this study, considering the characteristic
features of each group of participants.
For children, evaluation criteria from Kye and colleagues (2016) were revised. Four evaluation areas
(quality of learning, usability, satisfaction, and wearability) were chosen, leaving out overall learning experience
that evaluates conceptual understanding. Quality of learning measures presence, usability measures ease of
use, satisfaction measures pleasure, and wearability measures comfort in wearing the device. Five items for
Content 1 (Crayon VR), four items for Content 2 (Komi & Friends), and four items for Content 3 (Magic Carpet)
were included in the questionnaire. When writing the questionnaires, terms and words were considered
according to the children’s reading ability. The 4-point Likert scale was used, and facial expressions were
included to indicate each point.
New evaluation criteria were established for nurturers and experts based on existing research in HCI.
Three evaluation areas -- educational usefulness, usability of device, and affectiveness -- were identified based
on the HCI theory. Further, the evaluation items were drafted after reviewing the existing evaluative research
in educational and VR content (Kye et al., 2016; Lee & Lee, 2007; So, 2017; Huang, Rauch, & Liaw, 2010;
Schubert, Friedmann, & Regenbrecht, 2001). Questionnaires were drafted according to following
considerations: a) the content should be well matched to the children’s cognitive and emotional developmental
levels, b) the VR and AR content should allow users to adjust 3D artifacts by moving the device. Educational
usefulness consists of 3 sub-areas (suitability of learner’s cognitive ability, flow, use of body & mental
synesthesia), usability of device 2 sub-areas (user convenience and user control), and affectiveness consists of
3 sub-areas (interactivity, interest, and aesthetics). For experts, feedback was additionally included as a subarea of usability of device. Questionnaires for nurturers asked about the observed user experience of children,
and questionnaires for experts asked about the content. All the items for evaluation were modified after
checking their face validity through pilot test. In total, 12 items for Content 1, 13 for Content 2, and 14 for
Content 3 were developed.

Test process
First, to check the face validity of the measurement tools for users and the evaluation procedure, a pilot
test was conducted on 6 children and 6 nurturers. Then the items were revised, and the optimum number of
participants to participate at the same time was noted. Based on this, an evaluation plan was established. On
November 12, 2017, 19 children and 19 nurturers participated. Afterwards, 7 experts evaluated three kinds of
content. A questionnaire was administered to children and nurturers, and heuristic evaluation was conducted
for experts.

Results
Pilot test with users
Through pilot evaluation of 6 children and 6 nurturers, the issues with the questionnaire were found
out. It was realized that the questionnaire for children should not be longer than one page, and the difficulty
level of the items should be appropriate. The questionnaire for the nurturers allowed the respondents to check
‘N/A’ in the case of the item that does not correspond to the function of the content, but it seemed to cause
confusion. The questionnaire for the main evaluation was revised to remedy those issues.
Further, the number of participants that can participate in the test at the same time through was
identified through a pilot test. In the pilot test, 6 children and 6 nurturers had participated at the same time. If
the participants were more than that, the difficulty was expected. Accordingly, the test plan and time schedule
were established.
In addition, content errors and evaluation difficulties were identified in Content 3, Magic Carpet. First,
the place was noisy so the sound from the content was not audible. Second, even when the children are expected
to look for other animals, the screen often has instructions to find ‘monkey’. Third, the size of the paper
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prototype of the carpet was so small that it was inconvenient for children to experience it. Therefore, the errors
of the content were corrected or supplemented before the evaluation, and the carpet prototype was printed in
a larger size.

Main evaluation with users
Nineteen children and nineteen nurturers participated in the main evaluation. The participants were
divided into four groups so as not to exceed five pairs at the same time. The quality of the learning (presence),
the usability (ease of use), the satisfaction (pleasure), and the wearability (comfort in wearing the device) were
measured by the children. All the items were measured on a 4-point scale. The results are shown in Table 3.

Figure 4. Usability test with users
Category
Content 1:
Crayon VR
Quality of the learning
Usability
Satisfaction
Wearability

Presence
3.84(0.37)
Ease of use
3.53(0.84)
Pleasure
3.79(0.42)
Comfort in wearing the
3.82(0.46)
device
Table 3. Results from the children

Mean (SD)
Content 2:
Komi &
Friends
3.68(0.75)
3.84(0.37)
3.74(0.45)
3.58(0.77)

Content 3:
Magic Carpet
3.42(0.90)
3.68(0.58)
3.79(0.42)
3.58(0.84)

The specific items that are difficult to grasp for children were measured by the primary nurturers. The
questionnaire for adult nurturers measured educational usefulness (suitability of learner’s cognitive ability,
flow, use of body & mental synesthesia, device usability (user convenience, user control), and affectiveness
(interactivity, interest, aesthetics). All the items were measured on a 5-point scale.

Category

4.76(0.51)

Mean (SD)
Content 2:
Komi &
Friends
4.53(0.74)

4.83(0.32)
4.63(0.60)

4.59(0.64)
4.58(0.61)

4.59(0.62)
4.58(0.51)

4.68(0.58)
4.79(0.42)

4.58(0.84)
4.61(0.68)

4.58(0.69)
4.53(0.84)

Content 1:
Crayon VR
Educational usefulness

Device usability

Suitability of learner’s
cognitive ability
Flow
Use of body & mental
synesthesia
User convenience
User control
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Content 3:
Magic Carpet
4.74(0.67)

Affectiveness

Interactivity
4.79(0.54)
4.47(0.70)
Interest
4.84(0.37)
4.68(0.67)
Aesthetics
4.84(0.37)
4.84(0.37)
Table 4. Results from the primary nurturers

4.58(0.61)
4.84(0.37)
4.89(0.32)

The primary nurturers could provide additional comments for each kind of content, and the responses
are shown in Table 5.

Content
Content 1: Crayon VR

Opinions
- It would be more interesting if the children saw themselves playing with
the sea animals in the VR content.
- I think it would be nice if there were various kinds of surrounding
environments, such as space and forest.
- I think the content is very interesting. It is fun for children to find their
own fish among the fish painted by their friends. I think they can enjoy
longer if there are a lot more things to see in the content.

Content 2: Komi &
Friends

- It would be more interesting if the characters in the content could exhibit
more diverse behaviors.
- It is so dynamic and fun. Because the animal that a child paints appears
on the screen (and it moves), the child is amazed. I think it would be
better if the children could make their own unique animals.

Content 3: Magic Carpet

- In some cases, I found children looking at the offline map rather than
looking through the AR, so it seemed to be a bit difficult to use the
device.
- It is so good that my child can enjoy alone and also play with his friends.
I think it would be better if there was more educational content about the
behavior of the animals and the countries of the worlds.
- I think it’s a lot more enjoyable because she can play with her friends.
Table 5. The opinions from the primary nurturers

Evaluation with experts
Seven experts participated in the heuristic evaluation. A researcher met each expert to show the
content and received a questionnaire response. The quantitative and qualitative data obtained from the experts
are shown in Table 6 and 7.

Category

4.29(0.76)
4.50(0.61)

Mean (SD)
Content 2:
Komi &
Friends
4.43(0.79)
4.00(0.85)

4.57(0.53)

4.00(0.58)

4.07(0.67)

4.57(0.79)

4.71(0.49)

4.71(0.49)

Content 1:
Crayon VR
Educational usefulness

Device usability

Suitability of learner
Flow of education
content
Use of body & mental
synesthesia
User convenience
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Content 3:
Magic Carpet
4.14(1.46)
4.07(0.91)

Affectiveness

Content
Content 1: Crayon VR

User control
3.86(0.90)
Feedback
4.00(1.00)
Interactivity
3.43(1.13)
Interest
4.57(0.79)
Aesthetics
4.71(0.49)
Table 6. Results from the experts

4.00(0.76)
4.57(0.79)
3.57(0.53)
4.71(0.76)
4.57(0.53)

3.57(0.98)
4.57(0.79)
3.71(0.76)
4.29(1.11)
4.43(0.79)

Opinions
- I hope that interactions are a little more diversified.
- I hope that a user can control the movement.
- Strategies which can lead to continuous use are required.
- The phenomenon in which the work is embodied on the screen was
interesting because it made the users feel like they were traveling in a
strange and mysterious underwater environment. However, to view a
picture properly, it was necessary to take it far away from the vertical
line. Hence, several attempts were needed.
- I am wondering about the educational effects. If the users are new to the
technology, it would be amazing for them. However, I wonder if the
users can keep using it because it’s simple. It would be nice if there were
elements that could interact with multiple learners.

Content 2: Komi &
Friends

- When the children touch a virtual object on the screen, it would be
interesting for them to see how it changes.
- Interaction is weak because the duration of activity is short.
- Consider the literacy of the child. I suggest reducing the amount of text
considering the child who cannot read.
- It is easy to use and provides kids with funny characters, but it’s going to
need something more to keep them interested.
- Compared with Crayon VR, this seems suitable for children of a lower
age group.

Content 3: Magic Carpet

- If it is a group activity the children would be able to learn cooperation
and enjoy the activity.
- The process of finding the hidden animals is interesting and the sense of
accomplishment children experience when they get the correct answer
seems to enhance the sustainability of the play.
- The world map should be accurately presented to prevent
misunderstanding.
- It would be nice if the learning objectives were clearly set up (animal
shapes, living areas, world geography, etc.).
Table 7. The opinions from the experts

Discussions
This study was conducted to evaluate three kinds of VR and AR content for 18 children, 18 nurturers
(excluding pilot test) and 7 experts. As per the users (children and nurturers) responses, all three kinds of
content showed a high level of presence and satisfaction. In the qualitative data collected by the nurturers,
keywords such as “new,” “fun,” “interesting,” and “flow” are mentioned and all three kinds of content are
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interpreted as inducing a relatively positive learning experience. Furthermore, in the evaluation results of the
experts, all the content showed a relatively high level of educational usefulness, device usability, and
affectiveness. However, in the case of Crayon VR and Komi and Friends, the opinion was that the content would
be more attractive if additional strategies were introduced to encourage children’s interaction with the content,
child-child interaction, and continued use. On the other hand, Magic Carpet was considered to be particularly
good because it enabled children to experience cooperation and competition by playing in a small group and
thus to immerse themselves in activities. In addition, unlike the other two kinds of content, Magic Carpet
allowed the users the flexibility of body movement and they could experience through their senses. These were
the strengths of Magic Carpet. However, in order to further strengthen the educational goals, the content of the
maps needed to be reviewed. This was necessary to avoid any misunderstanding that the positions of the
continents and the locations of animals could cause. Also, it was necessary to consider an appropriate
presentation method for children (e.g. change English into Korean), and to give additional information about
animals and geography so that meaningful learning can happen along with fun.
Based on these results, the following issues can be discussed.
First, VR and AR induce a high level of flow and enjoyment. This indicates that when these technologies
are applied to educational content, they can have a positive effect on children. VR and AR technologies allow
learners to feel three-dimensional realistic information and induce flow experience (Antonietti & Cantoia,
2000). As shown in the evaluation of the Magic Carpet, the experience involving cooperative activities with
other children can be implemented through the VR/AR. This means that such content not only induces high
interest and continuous use but is also suitable for utilization in the school environment.
Second, when applying new technologies such as VR/AR to educational content, it is necessary to
design and develop content with more explicit educational goals. This is necessary to ensure that the content
is used continuously and not just for a short period for the novelty value it offers. Among the three kinds of
content evaluated in this study, the Magic Carpet is most likely to be used for educational purposes. As
suggested by the experts, if the content includes a variety of educational information such as the shape of an
animal, its living area, and the world geography, children will be able to enjoy the interaction with other
children, become physically active/involved, and also acquire new knowledge.
Third, for the development of effective educational content, formative evaluation should be conducted
at all stages of the development. In this study, the content was evaluated by users and experts at an advanced
stage of development. However, if the evaluation is carried out several times during the whole process of
content development, more user-oriented content can be developed. For this, Agile, Successive Approximation
Model (SAM) and Service Design Approach, which have been actively used recently, can be applied.
This is an exploratory study that evaluates VR/AR content based on empirical data for users (children
and nurturers) and experts. It is meaningful that the effectiveness of VR/AR was confirmed and the areas of
improvement were identified. More effective and user-oriented content can be obtained if the content is refined
and improved based on the results of this study.
Some follow-up studies are suggested as follows. In this study, we developed an evaluation tool for
evaluating VR/AR content based on the previous studies, and applied it after confirming content validity for
experts. We propose a subsequent study to validate the evaluation tools through more sophisticated research
methods such as Delphi techniques and statistical techniques. Second, this study was conducted for a limited
number of users. If data for a large number of users can be collected in the future, deeper implications are
expected to be drawn.
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1. Introduction
There have been many reports on successful integration of iPads into the classrooms. However, not
all teachers maximize the full potential of these devices (Carr, 2012; Hur & Oh, 2012; Mouza & BarretGreenly, 2015). Although teacher attitudes toward emerging technologies play a key role in the adaptation of
educational technologies (Zhao & Frank, 2003), student perceptions are also vital to technology integration.
This study aims to provide an in-depth analysis of what teachers and students do with tablets that lead to
many of the opportunities and challenges in one-to-one learning initiatives in a large urban school district in
the Midwest USA. Once we have developed an in-depth understanding of iPad utilization by teachers and
students, we can then develop strategies to mitigate issues related to the integration of iPads, or tablets in
general, for one-to-one learning. The objectives of this study are to examine (1) teachers’ instructional
patterns and perceptions with iPad carts, (2) student perceptions of the impact of iPads on their learning
skills, and (3) the barriers to and opportunities for iPad cart integration in the secondary classrooms. The
findings from this study illustrate the intricate dynamic between teacher action and student expectations and
how this dynamic shape the landscapes of one-to-one learning in secondary classrooms.
2. Background Literature
2.1 Practitioner Pedagogical Framework: SAMR
Puentedura (2006) proposed a pedagogical model for technology integration that stresses
Substitution, Augmentation, Modification, and Redefinition (SAMR). Substitution refers to the use of technology
as “a direct tool substitute, with no functional change” e.g., using a word processor to replace a typewriter.
Augmentation refers to the use of technology “as a direct tool substitute, with functional improvement,” e.g.,
using the spell-check function in a word processor to proofread an essay. Modification refers to the use of
technology to “allow for significant task redesign,” e.g., an assignment to integrate emails, spreadsheets, and
graphing programs. Finally, Redefinition refers to the use of technology that “allows for the creation of new
tasks, previously inconceivable,” e.g., small group collaboration to solve a world problem with international
partners through a learning management system. Although critics have argued that SAMR lacks a specific
context for technology integration and places too much emphasis on the products over process (Hamilton,
Rosenberg, & Akcaoglu 2016), the model has become very popular among K-12 educators for its simplicity
and clear development. Many educators have offered their renditions of SAMR interpretation with specific
examples (Oxnevad, 2015).
Hilton (2016) applied the SAMR framework to examine two Social Studies classrooms in two eighth
grade classrooms in a diverse school and noted the differences in technology use for content learning and
technology use for the practice of key social studies skills. Content learning is the foundation for content
application. Hilton’s findings showed that teachers found the use of technology, even at the level of
Substitution and Augmentation, can hold students’ attention longer than traditional teaching without
technology in content learning. Hilton noted that teachers’ use of technology at Modification and Redefinition
levels was deliberately less frequent due to the practical concern that students did not have access to iPads in
higher grades and thus less technology to ensure a smooth transition to higher grades. Hilton cautioned that
more practical considerations such as the location, context, and target students in the application of the SAMR
model should be taken into consideration and not treated as a simple hierarchy.
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The SAMR framework outlines various phases of technology integration to encourage teachers to
utilize technology to Modify and Redefine classroom teaching that has the potential to transform student
learning experiences (Puentedura, 2013). The framework also provides good guidelines for incremental
shifts in teaching practice from content practice to content application that fully utilizes the affordances of
technology.
2.2 Factors affecting iPad Integration
One issue related to mobile learning as pointed out by Mouza and Barrett-Greenly (2015) is a lack of
studies conducted in low-income underserved areas where students did not have easy access to mobile
devices inside and outside schools. With a growing number of school districts implementing large scale oneto-one learning and the increased affordability of mobile devices, student ownership of mobile devices has
improved though it is still a persistent issue in some areas. The one constant factor affecting tablet integration
or technology integration in general is teacher perception (Ertmer, 1999; Zhao & Frank, 2003). Specifically,
Ertmer (1999) described the barriers to technology integration in two terms. The first-order barrier refers to
factors that are extrinsic to the teachers, for example, equipment, time, training, technical support, etc. The
second-order barrier refers to factors that are intrinsic to teachers’ underlying beliefs, perceptions, and
knowledge. The second-order barriers might have prevented more teachers from integrating technology
(D’Agostino, Rodgers, Harmey, & Brownfield, 2016). D’Agostino et al. (2016) found that teachers in an
experiment group cast doubts on the continuous utilization of a vocabulary learning app even after seeing a
significant improvement in student performance. The qualitative interview data showed that teachers
preferred the traditional vocabulary learning with magnetics to app-based learning with iPads because it is
developmentally sound to have elementary school students learn through kinesthetic activities with hands,
not with iPads. Therefore, teacher perceptions of the impact of technology on student learning could
influence their willingness to adopt a technology. Zhao and Frank (2003) summed it up that two factors do
ultimately impact teacher willingness in technology utilization: “(a) the nature of the uses and (b) the result
of the teacher’s analysis of the uses” (p. 817). This leads us back to the difference between the first-order
barrier and the second-order barrier. The former can be resolved through purchasing of hardware/software
and training. The latter would require the development of an ecosystem that takes “teacher’s niche in the
ecosystem, teacher-ecosystem interaction, teacher-computer predisposition for compatibility, and
opportunities for mutual adaptation” into consideration to influence teacher action (Zhao & Frank, 2003, p.
833).
2.3 Opportunities and Challenges in One-to-One Learning Initiatives
One-to-one technologies are broadly described as classroom technologies that are used on a 1:1 basis
in the meta-analysis of 1:1 learning in the K-12 classrooms between 2004 and 2014 by Harper and Milman
(2016). They analyzed 46 empirical studies published in academic peer-review journals and found the
following trending themes in 1:1 learning: (a) student achievement, (b) changes to the classroom
environment, (c) student motivation and engagement, (d) various classroom uses, and (e) challenges to
integration. Their comprehensive meta-analysis sums up many of the opportunities and barriers related to
one-to-one learning initiatives. Some studies in the meta-analysis showed improved student achievements
and some found no improvement. More consistent findings on the opportunities brought forth by one-to-one
learning included (a) positive changes in student learning experiences, (b) increased use of differentiated
instruction, (c) more student-centered constructivist learning activities, (d) utilization of cooperative
learning, and (e) higher degrees of motivation and engagement. One-to-one technology has also faced many
challenges, including (a) technical issues, (b) stakeholder buy-in, (c) teachers’ lack of familiarity with devices
and professional development, (d) insufficient tech support, (e) increased difficulties in classroom
management (such as distractions), and (f) access restrictions set by school filters. Harper and Milman (2016)
recommended longitudinal studies on teaching strategies, student motivation, engagement, and achievement.
In this study, we intend to examine the impact of iPad carts on teaching strategies and student learning skills
and perceptions.
3. Background
The site chosen for this study was one of the largest K-12 school districts in Midwest USA. There are
more than 32,000 students, including 68% of students of color and 66% of students receiving free or reduced
lunch, in the school district. The school district implemented the iPad cart initiative to address the uneven
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distribution of technology resources. The iPad cart initiative started with four iPad carts in four ninth grade
Geography classrooms in four different schools in year 1, forty carts in a combination of 40 sixth grade Social
Studies and ninth grade Geography classrooms in 28 schools in year 2, and one hundred carts in a
combination of 100 sixth to tenth grade Social Studies and Geography classrooms in 31 schools in year 3
(2012-2014). Multiple teacher professional development opportunities were offered through two-day
professional training in a summer academy, monthly learning circles in different schools on a rotation-base,
one-to-one tutoring, and online video-on-demands. The district also hired a one-to-one learning coach to visit
teachers who need assistance in preparing lesson activities or coaching in their classrooms. Our research
focuses on the data from the third year.
4. Methods
This mixed-methods study examined the patterns of instructional activities and perceptions of
teacher and student on iPad integration in the classroom. The data were collected from observations, focus
groups, and surveys.
4.1 Research Questions
This study asks the following research questions:
A. What are the general patterns of instructional activities with iPad carts in the classrooms based on the
SAMR framework?
B. What are the teacher perceptions on the challenges and opportunities brought forth by iPad integration?
C. What are the student perceptions on the impact of iPad integration on their learning skills?
4.2 Data Sources and Participants
The data sources and number of participants are listed below:
4.2.1 Quantitative data: Classroom observations.
The research team developed a classroom observation form with three items of quantitative data: the
SAMR level, ISTE standards, and teacher’s proficiency level with iPads. We have provided specific examples of
SAMR in the literature review section. ISTE (International Society for Technology in Education) is a
professional organization that has established the National Education Technology Standards (NETS) for the
use of technology for teaching and learning activities. At the time of the study (2012-2014), we developed the
observation form based on the 2007 technology standards for students because the revised 2016 standards
were not available. The 2007 standards emphasized the following learning skills: creativity/innovation,
communication/collaboration, research/information, critical thinking, digital citizenship, and technology
operations. The observers reviewed each class session and determined all applicable ISTE learning skills and
the most appropriate SAMR level as a result of the session activities. The teacher’s proficiency with iPads was
identified at three levels (novice, intermediate, and advanced) by the second researcher as a result of
conversation with teachers through professional development workshops and user support groups. The
second researcher who has extensive interaction with all participating teachers through multiple means has
also served as the leader of iPad cart initiative in the district. The research team observed 25 classrooms at 16
different schools toward the last two months of the project period. Each classroom activity was coded with
one of the four SAMR levels, several applicable ISTE NETS for student standards, and one teacher iPad
proficiency level at the consensus of the two classroom observers.
4.2.1 Qualitative data.
4.2.1.1 Teacher focus group and survey.
The research team conducted one face-to-face focus group with eight teachers. In order to increase
the participation rate, we sent an online survey with identical questions to all teachers with iPad carts. The
teachers were asked about the factors that contribute to or inhibit student learning with iPads, the factors
that contribute or inhibit teacher’s facilitation of learning with iPads, ways to improve iPad cart integration,
iPad’s potential on teaching practices, and successful examples of iPad integration. Six teachers participated
in the in-person focus group and nineteen teachers responded to the focus group survey.
4.2.1.2 Student focus group survey
Due to the large-scale implementation of iPad carts in 31 schools, the research team decided to put
the focus group questions online in order to reach more students. A total of 878 students completed the
online focus group survey with five open-ended questions about the impact of iPad carts on Social Studies
content learning and learning skills related to communication, collaboration, problem-solving, creativity,
innovation, information search, and digital citizenship as outlined in ISTE NETS.
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4.3 Data Analysis
To answer the first research question on teacher’s instructional pattern, we analyzed data from
classroom observations, teacher focus group, and surveys. To answer the second research question on factors
influencing iPad integration, we analyze data from the focus group conversation and online survey. Utilizing
the thematic analysis method (Boyatzis, 1998), the research team developed the top-level codes
(opportunities and challenges) and then developed the sub-level coding scheme based on the emerging
themes from the focus group results and relevant literature. To answer the third research question on
student perceptions of the influence iPad cart integration had on their learning skills, we analyzed the data
from the online student survey, in which students elaborated how learning with iPads impact their skills in
communication, collaboration, creativity, innovation, research skills, critical thinking, problem solving,
decision making, and digital citizenship. We analyzed qualitative data using NVivo, a qualitative data analysis
tool. To ensure consistency in data coding, three coders conducted the initial coding on the first one hundred
responses to the five open-ended questions from 878 student respondents. We examined the intercoder
reliability for each question separately. For the initial coding, we coded each response as opportunities
(advantages), challenges (disadvantages), neutral, or non-applicable. An opportunity code refers to a
statement that indicates benefits of iPad integration on student learning skills, for example, “It helped us find
more info.” A challenge code refers to a statement that describes the disadvantage of iPad integration on
student learning skills, for example, “it is difficult to use.” A neutral code refers to a statement that is neither
an opportunity nor a challenge, for example, “just the same.” A non-applicable code refers to a statement that
is irrelevant to the question, for example, “wow,” “hi there,” or “idk.” Using the Cohen Kapp (the measurement
of agreement between individuals), the intercoder reliability for the questions are: 0.804 (question 1), 2,
0.785 (question 2), 0.819 (question 3), 0.82 (question 4), and 0.782 (question 5). On average, 0.8 indicates a
good agreement. Our numbers are either above or very close to the good agreement level. The two coders
developed the sub-level coding schemes under the top-level coding scheme (opportunities and challenges)
together from participant perspectives and relevant literature for each ISTE NETS learning skill set after
reading the entire set of responses (Maxwell, 2005). The main coder continued to code the rest of the
responses. The second coder served as a shadow coder to review the final coding. The two coders discussed
the final data coding and reached consensus on statements that they had different opinions. The same process
was repeated for the teacher focus group coding.
5. Findings and Discussion
In this section, we analyze the data to answer each research question.
5.1 Teacher Instructional Patterns
To answer the first research question on instructional patterns through iPad integration, the
research team coded the instructional activities in each classroom observation as Substitution, Augmentation,
Modification, or Redefinition. The research team also marked all applicable learning skills from ISTE NETS.
The next two sections analyze the findings.
5.1.1 Instructional patterns based on SAMR.
Using the SAMR framework to examine what teachers do with iPad carts in the classroom, we tallied
the frequency of these instructional activities. The majority of the instructional activities are in the category
of Substitution, which accounts for 40% of the total observed activities, followed by Modification (20%),
Augmentation (32%), and Redefinition (8%) (Figure 1). A Pearson product-moment correlation coefficient
was computed to assess the relationship between teacher’s proficiency with iPads and the SAMR activity
level. There is a significant correlation between the two variables [r =.434, n= 25, p =.03 <.05 ].
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Figure 1: Observed Instructional Patterns using SAMR Framework
Teacher’s iPad skills did influence the types of instructional activities implemented in the classroom,
especially top level SAMR activities. A novice teacher is capable of introducing activities at the Modification
level. A teacher with advanced iPad skills might sometimes use the iPads at Substitution level. However, only
teachers with advanced skills would implement Redefinition activities, since these activities require fuller
understanding of the devices to maximize the functions. Furthermore, an examination of what teachers did at
the Substitution level showed mostly information search which is the foundation for more advanced activities.
Students were constantly looking up information to review content, complete assignments, prepare for
quizzes, learn background information, analyze information, gather data for a project, or for other purposes.
A sample of observed classroom activities in each of the SAMR level is listed below:
 Substitution: Looked up word definitions in online dictionaries; read website information to complete
worksheets
 Augmentation: Accessed readings and completing quizzes/surveys in a learning management system
(Edmodo); submitted assignments via Edmodo for feedback
 Modification: Used authentic pictures from foreign countries to engage students in critical thinking
and communication about certain cultural practices; encouraged students to use multimedia apps
such as Educreations to define newly acquired vocabulary with pictures and their own definitions
 Redefinition: Encouraged student teams to use a screencast tool (e.g, Knowmia) to create a
neighborhood project with text, audio, video, and images; engaged student in international
collaboration with students in a foreign country
Hilton’s (2016) research findings on iPad integration in the social studies classroom helps to provide
explanations to the connection between teacher’s skills and SAMR levels. The activities at the Substitution and
Augmentation levels are appropriate for content learning, whereas activities at Modification and Redefinition
levels are suitable for the application of Social Studies skills. The content leaning is a prerequisite of skill
application; therefore, information search is a common activity in all classrooms.
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Figure 2: Observed ISTE NETS-Aligned Activities in the Classrooms
5.1.2 Learning skill alignment with ISTE NETS.
The observation data also reveal the types of learning skills utilized in the classrooms (Figure 2).
Using ISTE NETS as the criteria, the most utilized learning skills are project research and information
searches, which account for 42% of the overall learning skills utilized. The second most utilized learning skills
and percentages are communication/collaboration (20%) and critical thinking/problem solving (20%). The
rest are creativity/innovation (11%), technology operation and concept (4%), and digital citizenship (2%).
The emphasis on the skills for information search showed a consistency with the Substitution activities in
SAMR in which students often conducted searches for assignments and projects. Students were also
encouraged to utilize the skills to communicate, collaborate, think critically, and solve problems at a
moderate level. However, there seemed to be fewer opportunities for students to be creative, innovative, or
learning more about digital citizenship and the technical aspects of iPad. It could be that most students have
received information about internet safety at the beginning of each school year so teachers do not spend
additional time on digital citizenship. Also we observed the classrooms toward the end of the school year in
which time students were already familiar with the basic operations of iPads and thus fewer observable
instructional activities on the basics of iPads.
5.2 Teacher Perceptions
Teachers shared their views on both the opportunities and challenges of iPad integration. The factors
contributing to the opportunities include:
1. Improved efficiency: The improvements were evident in both teaching and learning activities. Many
teachers found it more efficient with iPads to connect students with one another and collaborate on
projects. Students were more focused and productive working together. Moving his classroom from
paper-based textbooks to online e-books, a teacher remarked that students could look up word
definition, listen to the audio text, and watch embedded multimedia videos. Teachers mentioned that
checking student understanding and progress is much easier through iPads. As one teacher
commented, “They can look things up, like the question comes up, … Why this? I don’t have all these
answers. But oh hey look it up. And then everyone is engaged. Oh who is gonna find that first, who is
gonna figure it out. You know, they can create so many things while they are learning.” In addition to a
more productive classroom environment, a teacher also shared the importance of utilizing a learning
management system (LMS) to put curriculum online to allow student easy access to course-related
information.
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Shifting pedagogy: Teachers were utilizing more varieties of instructional strategies to engage
students with more student-centered activities in the classroom. Many teachers emphasized iPads
are good alternative to computers with more interactive features, creating a paperless classroom,
and offering various ways for student assessment. A teacher stated that “It significantly changed my
Pedagogy and how I prepare for class. What resources I need and what I need to do is significantly
different.” One 28-year veteran teacher gave more specific context “my learning curve is exploding ..
and I love it - I am much more hands on, explore, dig in, work together… working with student teachers
1/2 my age who are the 'plugged in generation' has helped me immensely to integrate technology; video
clips, songs, lyrics, photos, etc into my teaching.”
Increased engagement: Teachers noticed that student engagement through course participation of
class activities has increased as a result of employing iPads. Teachers used expressions such as
“engrossed with content,” “loved it,” “working hard,” “thoroughly engaged,” and “really involved” to
describe student engagement. One teacher compared students online and face-to-face discussions
below:
I made increasing student voice in the classroom my PDP goal this year, and we used the iPad
to help with us….when we had full class discussions, we experimented with using online meeting
tools as well as traditional discussion oral forums, such as Socratic Seminars. I found that more
students were on topic and participating when we did a hybrid of the two--with some questions
in the online meeting and some ""live."" For example, in one Socratic Seminar, with 28 students,
18 on-topic comments were made by 11 students in the spoken part, and 57 on-topic comments
by 25 students were made in the online part.
Learning skills development: In addition to more hands-on activities and active participation,
students were utilizing more learning skills for class activities. As one teacher observed: “Research,
on-line textbooks, and interactive activities are crucial to education through iPads. Students ultimately
are more excited to learn.” Another teacher described a typical session with iPads in this context:
“They get into small groups, holding iPads and looking at their creations, they get in front of the groups
and talk to one another and that’s what we want them to get into, getting them to talk to each other,
little things. It contributes to their learning that way.” Students worked together by utilizing learning
skills to solve problems, communicate about, collaborate on, and create projects together.
Personalized learning: Teachers found students could not only collaborate with each other but also
learn at their own pace through a more personalized learning environment with iPads. As one
teacher summed up that “kids were able to deepen their learning and engage their natural curiosity by
being able to easily do research on topics from class that interested them. It allowed real flexibility in
the teachable moments that happened-- it allowed us to go further and gives kids the ability to be
independent researchers and thinkers." Another teacher also observed that “students were able to
conduct more individually tailored investigation into their interests and find primary and secondary
sources beyond those assigned. For advanced students, this was a great help.”
Peer-learning and tailored professional development: Many teachers have strong interests in
learning from fellow teachers through iPad professional development opportunities and one-to-one
learning coach. Monthly learning circles often focused on topics that teachers were mostly interested.
Teachers found it valuable to learn the best practices from teachers outside their buildings or
districts. One teacher summed it up well: “The iPad user groups meetings were valuable….I sought out
other resources to help fill in the gaps of my understanding the technology in addition to attending
some of the monthly meetings.”

Overall, many teachers found new ways to connect with students, engage them in group work, and
enhance their 21st century learning skills through iPad integration (Ciampa, 2014; Hoffman, 2013; Karsenti &
Fivéz, 2013). In the meantime, educators also adjusted their teaching practices by reorganizing instructional
activities and curriculum to leverage the affordances of iPads (Newman, Coyle, & McKenna, 2013).
Many teachers also faced constant challenges in iPad cart integration. The themes emerged from the focus
group and survey include:
1. Lack of timely IT support: With a large-scale implementation of a relative new technology at the time,
the technology support personnel did not receive timely training to keep up with the demands for
services. Many teachers were frustrated by the inadequate IT support at their buildings. One teacher
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observed that “when they were supposed to be updated, when they are supposed to do stuff with them,
it didn't happen how it was supposed to, and I didn't feel IT supports as well as seen as previous years.”
2. Technology glitches: Many teachers were upset by the glitches of the apps which caused certain
degrees of disruption of student activities. One teacher summed it up “the Ipads were constantly
breaking, due to accidental misuse (downloading updates, failue to properly plug into cart resulting in
dead batteries) as well as intentional misuse (adding passwords, misusing camera etc)."
3. Distraction and cheating: Teachers described that it is a “constant battle” to direct kids for focus on
tasks at hand. One teacher described the scenario, “the vast majority of students spent a great deal of
time and energy trying to (and succeeding) circumvent the protections against playing games, listening
to music, signing into their own Apple IDs and otherwise interrupting the educational process.” Having
constant Internet access also made cheating easier. One teacher observed that "I wish students could
have access to Word processing without internet so I could give them a short or long answer essay test
without giving them access to answers to cheat.”
4. iPad limitations and restrictions: Many teachers also found iPads limiting in terms of the available
apps and their control of the devices. Typing long paragraphs were not easy without a keyboard.
Teachers did not have access to install new apps or reset iPads so they were not able to provide
timely updates of apps or removal of improper pictures downloaded by students. One common issue
with iPad carts was that the iPads were shared by many students. Some of the apps did not allow
students to use a password to secure their work which were subject to deletion or revision by the
subsequent users. One teacher noted that
On the whole, I liked having them. I do think I would limit their access to only the websites I
identify, but I would like to be able to add or limit all 35 iPads in my room from my desktop and
all at one time. Changing each iPad individually was time consuming and tedious, and yet,
giving up my cart for a day to ask our tech to make changes made the process cumbersome.
5. Negative teacher experiences: Many novice teachers were ill-prepared for the iPad integration and
found the overall experience counter-productive. One teacher commented that "I had minimal success
implementing iPad into my classroom this year. I came into the year with no familiarity with the iPad,
and did not find the professional development on iPad usage in curriculum to be helpful (it was all way
above my head, technologically speaking).” To some teachers, using class time to deal with technical
issues took away instruction time as indicated by this comment, “I did have to spend a fair amount of
time repeating instructions on how to get to particular websites and enter correct user IDs and
passwords. Security measures took class time as well, though my group was quite good at using the
equipment.“ One teacher questioned the choice of the tool by stating “the district needs to listen to
teachers when they say they have misgivings about the wisdom of investing tremendously in a
technology that has limited classroom uses.”
In short, some of the challenges of iPad integration were associated with the timing such as inadequate IT
support at an early stage. Some of the challenges such as distraction, cheating, app/device limitations, and
glitches were also common in previous studies (Chou & Block, 2014; Harper & Milman, 2016). Teachers
perceptions of technology integration could also influence the overall impact of technology on student
learning (D’Agostino, 2016; Ertmer, 1999; Zhao & Frank, 2003). Without teacher buy-in, technology
integration might not meet its expected potentials in enhancing student learning.
5.3 Student Perceptions on Influences of iPad on Learning Skills
5.3.1 Quantitative data.
First, student demographic data show that out of the 878 student respondents, 71.40% owned smart
phones, 87.10% had home computer/tablets, 92.5% had home Internet access, 76.50% used home computers
for homework, and 51% used smartphones for homework. In reviewing student responses on the influence of
iPads on the learning skills as specified in ISTE NETS, we first grouped the 878 responses from the openended questions into four categories: opportunities, neutral, challenges, and non-applicable (Figure 3). The
majority of students viewed iPad favorably as a tool that would enhance all learning skills and especially
content learning. Students negative views of iPads include distraction, limited iPad functions, personal
preferences, and a lack of appropriate instructional activities. In the next section, we rely on the qualitative
data to explain the student perceptions.
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Figure 3: Student Perceptions of iPad Influences on Learning Skills
5.3.2 Qualitative data.
To provide a fuller illustration on specific ways iPad integration has improved student learning skills
in communication, collaboration, creativity, innovation, information search, problem-solving, and critical
thinking, we further analyzed all 878 responses and found sub-themes under each learning skill as outlined
and discussed in the next paragraph.
Specifically, students acknowledged that their communication and collaboration skills were
enhanced through information seeking and sharing, regular updates of course activities, increased teacherstudent and peer communication, and project collaboration and group discussion as a result of iPad
integration. As one student commented, iPad integration helped to “create a community online as well as in a
classroom.” Some also were concerned about reduced socialization since students would go online to seek
answers instead of asking each other about a question. Furthermore, students highlighted their enhancement
in creativity and innovation skills through improved capabilities in writing and thinking, multimedia
production, independent learning, and higher project completion rate. Students stated that iPads provided
“the resources to explore different perspectives on the internet, instead of only getting one from our textbooks”
and “allow you to work at your own pace.” However, not everyone agreed that iPads have increased creativity.
One student commented that iPads were being used as an eBook and not for “anything moderately creative.”
With regard to skills on information search, students emphasized the improvements in proficiency with
search engines, a sense of empowerment in gaining new knowledge and completing projects, and quicker
access to updated information. One student summed it well, “It allows us to look into current events in our time
instead of looking in a textbook about geography from ten years ago” Students also expressed concern over
distractions by an overwhelming amount of information and limited iPad functions. One student indicated
that it is “less convenient to search for things” because of restrictions set by schools. Finally, with regards to
learning skills on problem-solving and critical thinking, students underscored increased abilities to locate
information, complete projects, and utilize resources to problem-solve. Although many students considered
looking up information to complete school assignment as problem-solving, many gave credit to themselves
for being able to “to solve problems on my own because I find the information online instead of figuring it out for
myself.” Students were restricted to the type of problem-solving tasks given by their instructors. Without
more activities at the Redefinition or Modification levels in which they are encouraged to tackle real-world
issues, students could only apply their problem-solving skills to the given assignments. For examples,
students could be encouraged to take on authentic tasks such as improving school or promoting a cause, and
so on.
In conclusion, both quantitative and qualitative data show that student perceptions of iPad
integration on their learning skills were highly favorable. It is important to design and implement
instructional activities that recognize student interests and continue to develop their 21st century learning
skills.
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6. Conclusions and Significance
This study set out to study the instructional patterns and teacher/student perceptions of iPad cart
integration. This mixed-methods study utilized the data triangulation approach to provide an in-depth
analysis of what teachers do and what skills students desire to utilize in the classroom. Although there were
overwhelming positive attitudes toward iPad integration, the gap between teachers’ instructional practices
and students’ desired learning scenarios is noticeable. When the main activities focused on information
search and reading texts on iPads, students were restricted to activities that did not maximize iPad
affordances to foster skills in collaboration, creativity, critical thinking, and problem-solving. On the one hand,
the study results corroborated with the findings from previous research that iPads have the potential to
change instructional practices and improve engagement (Harper & Milman, 2016). However, barriers such as
a lack of training as well as instructional and technical support, and negative teacher experiences can also
limit the instructional use. The limitations of this study include a lack of baseline data of teacher adaptation of
iPads at an early stage of iPad cart integration and a lack of a consistent instrument to measure both teacher
and student perceptions. Due to the different roll-out schedules implemented in individual schools, not all
teachers received the iPad carts during the same time frame. In order to boost the participation rate, the
research team decided to visit the volunteer teachers’ classrooms toward the end of the semester so that they
felt more confident of being observed. Ideally, it would be helpful to have two observations in each classroom
to observe possible growth and changes in the individual teacher’s instructional activities. It would also be
helpful to add a quantitative data set using a validated instrument to probe teacher-student perceptions for
consistency to supplement the qualitative focus group data.
This study provides a significant contribution to the growing literature on one-to-one learning
initiatives by focusing on the specific instructional patterns and widening difference in expectations of
technology-enriched classrooms between teachers and students. Interestingly, teachers with proficient iPad
skills might not always use iPads to fully utilize student learning skills. Further study could explore the
connections between teacher’s pedagogical content knowledge and the adaptation of emerging technology.
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Serving as a public school educator requires ongoing professional learning throughout one’s career.
New techniques, resources, materials, and conceptual frameworks continually evolve, expanding our
understanding of how best to serve students, teachers, and staff. Professionals then have a variety of reasons
to attend available training opportunities or to seek them out on their own. Many educators focus their learning
on developing their skills so that they can be more effective in their current position (Chen, Alcorn, Christensen,
& Eriksson, 2015). They might attend school- or district-provided professional development (PD) experiences,
attend relevant conferences, and establish or connect with a face-to-face or online professional learning
community. Educators also seek out professional learning experiences for the purposes of career advancement
(Kerrison, Leong Son, Grainger, & Tutty, 2016). They might enroll in a university-based program to obtain a
degree, endorsement or certificate to add to their teaching license. In other cases, they might enroll in an
advanced degree program to obtain their administrative credentials, a license in school counseling or
psychology, or even their doctoral degree, to work in a school district or state-level leadership position.
Public school educators at all levels are required to provide evidence of this ongoing professional
learning for the purpose of licensure renewal at regular intervals established by each state. Because different
states have varying policies and practices for the number of hours and types of experiences that satisfy these
recertification requirements, it is difficult to make any broad statements about what is specifically required. It
is clear though that educators both need and desire to engage in ongoing professional learning. Therefore, there
is a need to make a range of opportunities continuously available to meet their needs as they arise.

Venues and Opportunities for Ongoing Professional Learning
Many teachers rely on school- or district-provided PD opportunities for their ongoing learning. These
experiences can be designed and delivered by school or district employees or with outside consultants. In some
cases, these experiences have a focus that is designed for and particularly relevant to a specific group within
the community. For example, a district might provide a daylong workshop for school counselors focused on
strategies for bullying prevention. Similarly, the mathematics department chair at a high school might lead a
session on encouraging “math talk” in classrooms.
In many cases, a single PD session might be offered for an entire school faculty. This is often true for
different types of educational technology PD, but it may also be true for sessions that have an instructional
focus, like performance assessment, project-based learning, or positive behavior management. Depending on
the focus of the session, teachers’ prior knowledge, learning styles or preferences, and years of teaching
experience, the session may or may not be relevant to individual teachers or staff members. This is one reason
why many educators tend not to value these kinds of required, “one-size-fits-all” PD experiences (e.g., DarlingHammond, Meyerson, LaPointe & Orr, 2009; Wei, Darling-Hammond, & Adamson, 2010). Even when these
training opportunities are beneficial, they might not occur at the optimal time for a particular educator nor do
they allow for the type of ongoing support that may be necessary in order for the learning to be fully adopted
into practice. These kinds of generalized PD experiences also limit the choice of the focus and delivery of
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learning experiences. For example, a teacher might want to explore how best to approach the Next Generation
Science Standards, but may not have the opportunity to do so with school- or district-provided experiences due
to a more generalized focus. Also, some teachers prefer to learn at their own time, pace, and place—affordances
that online learning options could provide (Wei et al., 2010).
When educators pursue continuing education options to better match their learning goals, available
time and specific content focus, some might choose to enroll in a degree program. This affords them the ability
to determine the focus for their learning and choose a delivery model that works best in their busy professional
and personal lives. Degree programs are time consuming, however. Advanced Master’s degrees in education
range from 30-45 credit hours, which may take several years to complete for teachers who are also working
full time. The cost of a degree program can also be a limiting or prohibiting factor. Further, even if they can
afford the time and expense to enroll in a degree program, educators might find that they may be required to
take several generalized courses that may not be relevant to their particular learning goals, much like in school
or district provided PD sessions.
How then, can schools, districts, universities, and other learning organizations support educators’
ongoing professional learning in maximally efficient and productive ways? How can they provide participants
more control over the content focus, pace, and delivery model for their learning? Formal and informal online
learning opportunities may provide educators with more choices and possibilities to continue their
professional learning. In this paper, we explore the connections between adult learning principles, research
about adult learning online, the growing body of research on massive open online courses (MOOCs) as a
popular delivery model, and the emerging research on digital badges and microcredentials. We conclude by
offering design principles for online professional learning experiences to meet the unique needs of adult
learners and a brief example of how these principles can be operationalized in the design of a PD fellowship
program for teachers.

Adults Learning Online
Given the proliferation of online learning, it is important to consider how technology might serve as an
enabler for effective, ongoing PD among educators. Understanding the core tenets of adult learning theory is a
precursor to examining online learning in this context. As a pioneer in the field of adult education, Malcolm
Knowles (2005) established six assumptions that should be used to guide adult learning: prior experience,
problem-centered focus, internal motivation, self-concept, readiness, and relevance. Despite the fact that
Knowles began to develop his theory of adult learning more than sixty years ago, Tainsh (2016) argues that his
assumptions still have relevance today and can be applied in the design of online learning opportunities for
adults.
One of Knowles’s (2005) assumptions is that the adult learners value their professional experience
and desire an opportunity to connect prior experiences with new information as they learn. Accounting for the
rich experiences that educators bring into the learning environment requires instructors to engage in a more
dialogic teaching mode (Donnelly-Smith, 2011). This approach suggests that experiences must embody
cooperation and collaboration, thereby shifting towards a co-learning environment in which instructors and
students both have knowledge to contribute (Brocket, 2016). This contrasts significantly with the generalized,
one-size fits all PD.
The “experience factor” that characterizes adult learning closely aligns with online instructional
strategies as recent recommended approaches emphasize higher levels of engagement, community building,
and personalization (Means, Bakia, & Murphy, 2014). For instance, one research-based practice suggests
including time for adult learners to incorporate personal experience in the context of the lesson, which then
deepens the reflective practice that is so highly valued in teaching (Tainsh, 2016). By prioritizing educators’
experiences as an integral part of their continued learning, the focus then becomes centered on problems of
practice, another preference of adult learners (Knowles, 2005), and enables teachers to transfer new
knowledge to real situations they face.
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Knowles, Swanson & Holton (2005) also theorized that internal motivation is critical for adults.
Moreover, researchers have found that those with previous education are more likely to continue their learning
(Donnelly-Smith, 2011). Considering that teachers and other education staff generally have postsecondary
degrees, it may be easier to leverage their existing thirst for knowledge within the delivery of PD. Yet careful
attention to educators’ intrinsic motives such as satisfaction and value alignment will likely boost interest in
pursuing more professional learning. Utman (as cited in Means et al., 2014) found that in comparison to
extrinsic factors like monetary incentives, intrinsic motives produce better results in creative and complex
tasks. Zuckerman et al. (as cited in Means et al., 2014) notes the presence of choice in one’s learning in turn
produces greater intrinsic motivation.
The need for customizing ongoing professional learning for individual learners is a significant
component that directly relates to motivation. Learners are active participants when there is an immediate
application for their practice (Beavers, 2009). Thus, they seek opportunities that are self-directed, timed in
accordance with needs that are urgent and realistic, and have a clear, tangible purpose—what Knowles (as
cited in Tainsh, 2016) referred to as self-concept, readiness to learn, and the rationale for learning. Trotter
(2006) argues, “Allowing the teachers to determine what direction their professional development will take
will greatly increase the success of the teachers in their journey to be lifelong learners” (p. 11). This helps to
explain the historical resistance to formal PD among many educators due to the focus on irrelevant topics and
use of instructional strategies that failed to account for adult learning theory (Beavers, 2009).
Technology and online learning strategies offer a way to better meet the professional learning needs
of practicing professionals through increased personalization, flexibility, and relevance. For instance, focused
professional learning modules and resources allow adult learners to identify an applicable resource just at the
time they need it. With a diversity of topics and formats offered, online learning modules have the potential to
recognize and reward the self-directed learning that teachers engage in on a regular basis. Similarly, creativity
and collaborative exchange of ideas are now integral components within the design of online curriculum. As
technology continues to influence the instructional practices used in K-12 settings and the pace of change
accelerates, it is anticipated that technological skills will become outdated within 5 years (Means et al., 2014).
This leads to another consideration for embracing online PD: it can be leveraged as an opportunity to
continually refine technology-related skills of educators through both participation and content.

Massive Open Online Courses
One popular approach to supporting adults’ online learning is through massive open online courses
(MOOCs). MOOCs are fully online courses that are either completely self-paced or facilitated learning
experiences initially centered around the idea of free and open participation. Beginning in 2008 with the launch
of “Connectivism and Connective Knowledge,” an open online course from the University of Manitoba, MOOCs
were met with great enthusiasm. Several high-profile universities, including MIT, Harvard, and Stanford
embraced the new platform and created a range of courses, freely available to students around the world
(Jordan, 2015). Despite initial enthusiasm for MOOCs, however, early results were disappointing. Low
completion rates and satisfaction with course design and content dampened initial enthusiasm, although the
tide seems to be turning (Jordan, 2015).
Research on MOOCs has expanded greatly since 2013. In their review and synthesis of the literature,
Veletsianos and Shepherdson (2016) provide an overview of research studies from a wide range of disciplines
and perspectives. They found that scholars from North America and Europe contributed the majority of
research on MOOCs (82% in total), with 50% coming from the U.S. alone. The most common data sources used
in studies were user activity data within the MOOC, followed by questionnaires and surveys. Other data sources
like interviews, focus groups, and observations were used much less frequently. They found that 93% of the
studies used descriptive and other statistical data analysis methods. Student-related data were reported in
83% of papers—particularly focused on topics like completion and retention and demographics. Designfocused data were reported in 46% of the papers, which included exploration of the learning environment,
assessment techniques, and evaluations of course success. A closer look at several studies provides a more
current examination of participant experience in MOOCs.
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Egloffstein and Ifenthaler (2017) have argued that MOOCs provide a promising option for workplace
learning. While workplace learning is typically more formalized than MOOCs, these informal learning
opportunities provide participants with a safe, flexible, and low-risk environment to build their skills. In their
study of 119 corporate employees enrolled in MOOCs, Egloffstein and Ifenthaler (2017) found that the content
of the course was crucial; participants preferred a focus on work-related issues presented in a flexible format.
In terms of the course design, respondents preferred a structure that allowed them to customize the learning
experience and apply what they learned through problem-centered, workplace-focused course experiences.
Some MOOC participants see opportunities to advance their careers through their participation,
particularly in corporate careers. In a study of 780,000 participants from 212 countries or territories who had
completed a MOOC on the Coursera platform, Chen et al. (2015) argued that MOOCs had a significant impact in
terms of career and educational benefits. Of these participants, 72% of reported career benefits from
completing a MOOC. Of this group, 33% reported a tangible benefit, such as finding a new job or starting a
business. Nearly as many participants (85%) reported intangible benefits, such as enhancing skills for their
current job (62%) or preparing themselves to pursue a new job (43%). A smaller group (28%) completed
MOOCs for educational benefits. Of this group, 88% indicated that they received at least some educational
benefit, including both intangible benefits such as gaining knowledge in their field and tangible benefits like
earning credit or prerequisites towards a degree or credential.
While a range of institutions offered the MOOCs in the previous studies, Kerrison et al. (2016) reported
on evidence from MOOCs offered at the University of London, an early adopter and major developer of MOOCs.
The report focused on 11 MOOCs developed between 2013-2014 on topics ranging from ICT in Primary
Education to Magna Carta and its Legacy. Students enrolled in the University of London MOOCs were typically
well educated, with more than 60% of the participants holding either a Bachelor's or Master's degree. Of all the
MOOCs offered, three that focused specifically on education had a much higher completion rate than other
MOOCs (Supporting Children with Difficulties in Reading and Writing [90%], ICT in Primary Education [59%],
and What Future for Education? [79%]). Of the students enrolled in this education track of MOOCs, 62%
indicated that they were motivated to explore the subject for a possible career change or enhancement. In this
two-year period, 142 students who took one or more of the University of London MOOCs subsequently enrolled
in a degree program.
Completion rates can, however, still be a challenge for MOOC designers. Hone and El Said (2016)
reported on a survey of 379 university students in Cairo who participated in a MOOC of their choice. The
researchers explored the factors that led to or inhibited course completion in a questionnaire distributed to
486 students, with a response rate of 78%. Thirty-two percent of the respondents indicated that they
completed the MOOC for which they registered. The data suggested that if the participants completed half of
the MOOC content, they were very likely to complete the remainder of the course. According to the respondents,
the perceived effectiveness of the course content and interaction with the instructor were the primary drivers
of course retention and completion.
Based on research conducted since 2010, MOOCs seem to be maturing as an online learning model.
Despite the early disappointment with completion rates, many MOOCs today demonstrate higher rates. This is
especially true for education-related MOOCs that offer content focused on workplace issues, challenges and
opportunities. Badge courses and microcredentials are similar to MOOCs in that they provide online, often ondemand, learning opportunities for adults. These shorter-term, more focused mini courses are explored next.

Badges and Microcredentials as Vehicles for and Evidence of Professional Learning
Building on the online, targeted professional learning offered by MOOCs, discrete learning experiences
framed around competency-based badges offer educators even greater flexibility to focus their professional
learning. Digital badges are credentials which are earned by participants when they meet designated
performance criteria, typically with a single competency. Once they demonstrate competency for the
performance criteria, participants are issued a digital image representation of their achievement, including
information about the competency, assessment, and issuer. This badge can then be shared within a portfolio,
Web page, or social media platform. Badge issuers may also bundle or stack a series of related badges into a
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microcredential. When a participant completes this series of badges, the microcredential they earn
demonstrates deeper experience than a single badge.
Elliott, Clayton, and Iwata (2014) posited that “micro-credentials and digital badges are increasingly
being used as indicators of accomplishment, skill, knowledge, or interest” (p. 703). Badges and
microcredentials are now becoming more mainstream in teacher PD (Abramovich, Schunn, & Higashi, 2013;
Berry, Airhart, & Byrd, 2016). They give teachers a visual way to showcase expertise with colleagues and
administrators (Elliott et al., 2014; Goligoski, 2012). Badges and microcredentials give teachers the
opportunity to build on their current knowledge base and add relevant, and sometimes novel, practice with
flexibility and convenience. Once completed, badges and microcredentials demonstrate teachers’ mastery of
skills that enhance the professional acumen of today’s teachers.
While digital badges and microcredentials focus on competency-based performance, issuers are
increasingly providing related learning experiences to help participants build the necessary skills and
understandings to meet the competency. In this model, focused learning can serve as a flexible, viable
alternative to others forms of PD. For example, Digital Promise (http://digitalpromise.org/) offers more than
100 microcredentials on a range of education-related topics. Each microcredential provides learners with a
description of the competency and supporting research and resources. Learners then work to develop their
skills and submit evidence of their mastery of the competency for review by others who have previously earned
the microcredential.
While increasingly promising, if badges and microcredentials are to flourish and be seen as viable PD
for teachers, they must also be recognized and accepted for licensure renewal. Several districts have either
designed their own badges and microcredentials, or partnered with organizations like Digital Promise to
document ongoing learning for licensure renewal (Schwartz, 2017). For example, the state of Tennessee,
realizing the value and importance of alternative PD, has already begun to incorporate microcredentials as way
to satisfy aspects of teacher licensure (Berry et al., 2016). Schwartz (2017) argues that this is likely to continue
and expand.
As badges and microcredentials become more mainstream, there will be greater opportunities for
teachers to pick institutions of higher education where they can complete their online work (Goerner, 2016).
Many college and universities across the United States are offering some type of badge or microcredential
opportunity for professionals, including teachers (Fain, 2015). For example, Pennsylvania State University
(https://badgesapp.psu.edu/) and the Friday Institute (http://www.fi.ncsu.edu/) at North Carolina State
University offer badges and microcredentials for educators. Badge and microcredential offerings from
universities offer the potential to align with course requirements to enable participants to use the completed
work towards college credit.
Digital badges and microcredentials have the potential to bring together core adult learning principles,
leveraging the research on MOOCs to offer educators tightly focused, relevant, just-in-time learning
opportunities to meet their unique needs. Offering a wide range of short-term, applied learning opportunities
provides educators with agency, flexibility, and customizability for their professional learning that is often not
possible in typical face-to-face, whole group PD settings. To leverage this potential, however, creators must
consider a range of design principles to develop optimal learning experiences. In the section that follows, we
attempt to synthesize research-based principles to inform the design of a range of digital badge and
microcredential courses.

Design Elements for Digital Badges and Microcredentials
Digital badges and microcredentials are a promising, emerging approach to supporting ongoing
professional learning. While Forester (2014) has identified significant growth in badging for workforce
development around the world, there is limited guidance on core design principles for creating effective
learning experiences for adults. Organizations are beginning to develop principles and standards of quality for
digital badges (e.g., Michigan Department of Education, 2015), yet there are few research-based guidelines
provided. Based on recommendations from the literature, we argue that there are core design elements that
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should be considered for both self-paced, asynchronous badge courses, as well as more collaborative, cohortbased models. Table 1 offers design elements relevant for either mode.

Table 1
Design Elements for Asynchronous and Facilitated Courses
Course content is focused on:
● Practical, concrete, problem-centered, work-related issues and competencies
● A single competency, attribute, or skill
Expectations are clearly communicated in an engaging, inspiring way, including:
● Estimated time required to complete the course and each module
● Clearly defined learning goals
● Defined benefits from the learning experience, both for the participants and for their students
● What participants will produce by the end of the experience, including a rubric that demonstrates how work
and competencies will be assessed relative to the learning goals
Learners are active participants in their course experience, which can include:
● Activities that require participants to apply knowledge and concepts in their own contexts or workplaces (i.e.,
problem-based, relevant, authentic)
● Frequent opportunities to demonstrate understanding and ability to apply learning through quizzes,
question/discussion prompts, and application activities
● Allowing students to monitor their learning progress to encourage persistence and self-direction.
● Encouraging participants to provide feedback on the content and delivery of the course upon completion
The final, cumulative activity is:
● Flexible and customizable to learners’ individual needs, clearly demonstrating competency relative to the
learning goal(s)
● Assessed according to the rubric, which allows the competency(ies) to be measured based on the expectations
articulated
The platform and learning environment offer clear, effective communication and technical support, including:
● Information on the course creator and hosting institution to increase credibility
● The ability for students to access content in multiple formats/modes (e.g., video, reading)
● On-demand support as needed, both for technical issues and learning questions
● Formal recognition of completion through a certificate/badge that students can post on various social networks
● Metadata for the digital badge summarizing the course information to increase credibility of the learning
● Suggestions for additional/related badges upon completion, encouraging participants to both persist in their
learning and to stack badges into more robust experiences, including microcredentials
Asynchronous, self-paced badge courses should include the following additional core design elements
displayed in Table 2.
Table 2
Design Elements for Asynchronous Courses
The introduction to the course asserts the importance of active, self-directed learning
The course overview and instructions are clear, concise, and easy to follow, limiting frustration or barriers to
learning.
Activities are designed in a way that they can be completed in a participant’s workplace individually
Students receive automated notifications or nudges triggered by a lack of progress at pre-determined intervals of
inactivity, particularly during the first half of the course to encourage completion
Facilitated, cohort-based badge courses should include the following additional core design elements
displayed in Table 3.
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Table 3
Design Elements for Collaborative, Cohort-Based Courses
The introduction to the course asserts the importance of participating in and contributing to the learning community
through discussion prompts, sharing and commenting on activity responses, and group work
Students are encouraged to provide each other with feedback and support; they are provided with tips/expectations
for peer feedback
The instructor establishes a presence in the course through proactive communication and support of the learners,
weekly summaries, updates, and reminders, and by encouraging communications between and among the students.

Digital Badge Development Case
We have recently begun a design based research study to develop a series of digital badge courses for
teachers leveraging these design principles. This blended, collaborative, cohort-based program for middle
school teachers focuses on helping participants build skills to design a project based learning (PBL) unit to
implement in their classes. The five-month program includes a series of seven digital badge short courses, each
of which focuses on a single competency related to PBL. A series of four face-to-face sessions provide
participants with an opportunity to offer and receive feedback on their work in the online courses in order to
develop a community of practice. The PD experience culminates in a district-wide exhibition of student work
generated in the PBL units the teachers create.
The digital badge courses are designed to leverage many of the design principles outlined in this paper.
The content for all the courses is grounded in practical and applied competencies to help participants build the
skills they need to support their students. Each course is focused on a single competency and is estimated to
take approximately five hours to complete. Participants understand from the outset that each competency in
the sequence will help them to design their PBL unit, including a rubric that can be used either for self- or
external assessment. The PBL unit structure is flexible and is designed to meet each teacher’s (and by extension,
their students’) individual needs. Participants will be able to access the course content in multiple modes and
formats, including video, readings, interactive activities, and discussion areas. Upon completion of the courses,
participants will receive a certificate that can be used for licensure renewal and a digital badge with relevant
metadata to be share via social networks.
As part of the design based research process, we will revise each digital badge course based on
feedback from participants provided through feedback forms and both individual and focus group interviews.
This iterative design and implementation approach will allow us to hone in on the value of these design
principles which will, in turn, inform future work in the design of digital badge PD efforts.

Conclusion
As discussed above, typical one-size-fits-all PD experiences and degree programs are sometimes
limited in meeting professional educators’ ongoing learning needs. Many of these programs may not leverage
individuals’ experience, connect with a desired focus, or are not offered when needed. More flexible, ondemand learning experiences offer responsive options for working professionals.
There is an abundance of emerging opportunities to reframe the approaches used for delivering PD,
particularly in the field of education. The research on MOOCs and the wealth of participant data generated
through the digital platforms illustrate the positive outcomes associated with innovating the PD experience for
educators. By extending this knowledge, online badges and microcredentials are increasingly being utilized as
a learning strategy for adults. Indeed, they can provide a professional learning approach, yet offering these
experiences require careful attention to ensuring that the design incorporates the concepts of adult learning
theory. By integrating these research-based design principles, badges and microcredentials may offer
opportunities to enable professional educators to select learning opportunities focused on the content, pace,
and delivery mode they choose. Districts, schools, and teachers will then be afforded more choice and flexibility
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and may become a welcome alternative to more traditional, rigid approaches that have typically been employed
in the education landscape.
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Introduction
Most teacher educators would agree that developing pre-service teachers' technological pedagogical
content knowledge (TPACK) (Mishra & Koehler, 2006) and preparing them to use TPACK strategic thinking
(Niess, 2011, 2016) in practice are quite challenging. Several researchers in the field have conducted a
significant number of studies to measure pre-service teachers' TPACK development in teacher education
programs (e.g., Tondeur, van Braak, Sang, Voogt, Fisser, & Ottenbreit-Leftwich, 2012; Willermark, 2017).
Many have reported positive outcomes from the various strategies adopted (Chai, Koh, Tsai, & Tan, 2011;
Schmidt et al., 2009). Other research revealed that pre-service teachers who are graduating from teacher
education programs reported feeling unprepared to integrate technology into their curricula (Gray, Thomas,
& Lewis, 2010). This troublesome finding warrants more research efforts invested in understanding how preservice develop their TPACK (Mishra & Koehler, 2006) and TPACK strategic thinking (Niess, 2011, 2016)
during the various stages of their teacher preparation programs.
In some teacher preparation programs, a stand-alone educational technology course is the first place
where pre-service teachers learn about technology integration. Many studies have been conducted in these
stand-alone educational technology courses (Willermark, 2017). Findings reveal such courses and their
effectiveness in developing some of pre-service teachers' TPACK domains (Abbitt, 2011; Graham, Borup, &
Smith, 2012; Schmidt et al., 2009). However, pre-service teachers reported that they needed more
preparation besides a stand-alone course (Foulger, Buss, Wetzel, & Lindsey, 2012; Koh & Divaharan, 2011).
Most studies did not provide detailed descriptions of how the courses were designed, let alone using the
course design as a variable to examine its impact on pre-service teachers' TPACK development. The purpose
of this study was to investigate whether course design can impact pre-service teachers' post-TPACK and
TPACK development scores in relationship to pre-service teachers’ prior knowledge.

Literature Review
Since technology becomes more and more readily available in schools, it is the expectation that
teachers should be able to integrate it meaningfully into their classroom instruction. Furthermore, this trend
of increasing technology use in schools highlights the necessity of equipping pre-service teachers with the
knowledge and skills to teach 21st-century students (Jonassen, 2003). However, Brown and Warschauer
(2006) revealed that technology integration had a peripheral role in most teacher preparation programs.
They reported that pre-service teachers had insufficient exposure to and modeling with technology
integration. These findings have profound implications for both teacher preparation programs and K-12
public education. Teacher educators’ efforts need to be invested in developing pre-service teachers'
technological pedagogical content knowledge (TPACK) throughout teacher education programs (Mishra &
Koehler, 2006).
Just developing pre-service teachers’ TPACK might not be enough, as teacher educators also need to
provide pre-service teachers with opportunities to practice their TPACK strategic thinking (Niess, 2011).
Most research studies that investigated pre-service teachers' TPACK development is situated in a stand-alone
educational technology course (Willermark, 2017). Although positive outcomes were reported (e.g., Kaya &
Dag, 2013; Sahin, 2011), most studies do not specify how the content was organized and course designed in
these typical single-semester ICT courses (Koh & Divaharan, 2011; Pamuk, 2011). Therefore, it is difficult to
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know whether pre-service teachers were taught explicitly about how to align content, pedagogy, and
technology in the act of teaching (Angeli & Valanides, 2005; Mishra & Koehler, 2006).
With this context in mind, comparing different course designs of the stand-alone educational
technology course becomes necessary, where results might shed light on whether different designs of the
course produce different results on pre-service teachers' TPACK development. It will also have practical
implications for practice as utilizing best practices from effective course designs may tend to maximize preservice teachers' learning outcomes, which could ultimately transfer into their TPACK development. The
purpose of this study is to compare the impact of various course designs of a stand-alone educational
technology course on pre-service teachers' post-TPACK and TPACK development by examining pre-service
teachers' prior knowledge and technology preparation.

Methodology
The participants of this study were 1, 246 pre-service teachers enrolled in a required educational
technology course in a teacher education program at a large Midwestern land-grant university. This course
was composed of two 50-minute lectures and a weekly lab section. Over the nine academic years, the course
had two specific designs, but the course content did not change dramatically. In 2013, the educational
technology course was redesigned around the guidelines of TPACK framework, which then included more
content-specific technology preparation using research-based pedagogies and strategies (Mishra & Koehler,
2006; Tondeur et al., 2012).
The researchers collected quantitative data through a validated TPACK survey (Schmidt et al., 2009)
using a pre- and post-survey design. As a result of matching the pre- and post-survey responses, the
researchers collected 1,246 matched responses over a nine-year period. The majority of these pre-service
teachers (974, 78.17%) were Elementary Education majors, while 222 (17.82%) majored in Early Childhood
Education and a few (50, 4.01%) were in other related majors. There were eight times more female
participants (1,115, 89.49%) than male participants (131, 10.51%). Just over 90% of the pre-service teachers
were from 18 to 22 years old (1,139, 91.41%). Fewer were 23–26 years old (76, 6.10%) and even fewer were
between 27–32 years old (18, 1.44%). Only 13 participants (1.04%) were 32 years or older. Almost half of the
participants were sophomores (591, 47.43%) and the rest were classified as juniors (309, 24.80%), freshmen
(267, 21.43%), and seniors (79, 6.34%).
Participants also had a different amount of prior experience related to participating the teaching
practicums or field experiences. Less than half of the pre-service teachers (515, 41.33%) had some previous
practicum experience, while 58.67% (n = 731) had no prior practicum experience. Some of the participants
were enrolled in a Learning Technologies Minor offered by the institution. Almost 20% of the participants
(17.72%) acknowledged being in the minor that provides additional targeted preparation (16 credits of
classes) in educational technology.
An essential pre-requisite for the data analysis to verify the TPACK surveys reliability. Cronbach's
coefficient alphas () were computed for the TPACK domains. For the pre-survey, the Cronbach's coefficient
alphas () ranged from .80 to .92 (i.e., TK:  = .86; CK:  = .80; PK:  = .87; PCK:  = .83; TCK:  = .87; TPK:  =
.82; TPACK:  = .92). Similar results were found in the Cronbach's coefficient alphas () of the post-survey,
which were ranged from .86 to .91 (i.e., TK:  = .86; CK:  = .86; PK:  = .91; PCK:  = .86; TCK:  = .87; TPK: 
= .88; TPACK:  = .91). According to Nunnaly and Berstein (1994) a Cronbach's alpha () of .70 is considered
acceptable for exploratory studies, .80 for basic research, and .90 for applied scenarios (Lance, Butts, &
Michels, 2006).
For the data analysis, the researchers first put 1,246 pre-service teachers into four distinct groups
based on their prior knowledge and course design (see Table 1). Paired-sample t-tests were conducted to
assess whether there were statistically significant differences in pre- and post-TPACK scores of all pre-service
teachers, as well as those for individual groups. Next, a set of two-way MANOVA tests were used to examine
whether there were statistically significant differences in the post-TPACK and TPACK development scores
based on prior TPACK and course design (Huberty & Olejnik, 2006).
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Group 1
(n = 424)
N
(%)

Pre-service teachers' groups
Group 2
Group 3
(n = 459)
(n = 176)
N
N
(%)
(%)

Group 4
(n = 187)
N
(%)

383
(90.30%)
41
(9.70%)

413
(90.00%)
46
(10.00%)

158
(89.80%)
18
(10.20%)

161
(86.10%)
26
(13.90%)

378
(89.20%)
31
(7.30%)
10
(2.40%)
5
(1.20%)

419
(91.30%)
32
(7.00%)
5
(1.10%)
3
(.70%)

166
(94.30%)
6
(3.40%)
4
(2.30%)

176
(94.10%)
7
(3.70%)
3
(1.60%)
1
(.50%)

85
(20.00%)
207
(48.80%)
99
(23.30%)
33
(7.80%)

97
(21.10%)
192
(33.33%)
138
(30.10%)
32
(7.00%)

44
(25.00%)
89
(50.60%)
35
(19.90%)
8
(4.50%)

41
(21.90%)
103
(55.10%)
37
(19.80%)
6
(3.20%)

85
(20.00%)
316
(74.50%)
23
(5.40%)

93
(20.30%)
352
(76.70%)
14
(3.10%)

17
(9.70%)
152
(86.40%)
7
(4.00%)

27
(14.40%)
154
(82.40%)
6
(3.20%)

Enrolled in the learning
technologies minor

46
(10.80%)

42
(9.20%)

32
(18.20%)

26
(13.90%)

Past or current practicum
experiences

138
(32.50%)

166
(36.20%)

100
(56.80%)

99
(52.90%)

Demographic characteristics

Gender
Female
Male
Age
18-22
23-26
27-32
32+
Year in college
Freshman
Sophomore
Junior
Senior
Major
ECE
EL ED
Other

-

Table 1. Pre-service Teachers' Demographic Characteristics in the Groups (n = 1,246)

Results
In sum, no matter which group pre-service teachers had membership with, they developed all seven
TPACK domains after taking the required educational technology course. These differences were found to be
statistically significant (see Table 2). CK, PK, TK, TCK, and TPACK all had medium effect sizes, while PCK and
TPK had small effect sizes. Table 2 provided a synopsis of pre-TPACK, post-TPACK, and TPACK development
scores and the results from the paired-sample t-tests. This preliminary analysis showed that prior knowledge
and course design had the prospects to be crucial variables for pre-service teachers' TPACK development.
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TPACK knowledge
domains
CK
Pre
Post
Development
PK
Pre
Post
Development

Group 1
(n = 424)
N
(SD)

Group 2
(n = 459)
N
(SD)

Group 3
(n = 176)
N
(SD)

Group 4
(n = 187)
N
(SD)

42.03
(5.10)
45.42
(5.36)
3.39***
(5.18)

45.59
(4.60)
47.50
(5.32)
1.91***
(4.98)

42.74
(5.44)
47.14
(4.80)
4.40***
(5.59)

46.20
(4.47)
49.21
(4.89)
3.01***
(5.39)

44.07
(5.19)
47.00
(5.35)
2.93***
(5.27)

23.75
(2.96)
27.06
(3.42)
3.32***
(3.70)

28.15
(2.88)
29.25
(3.22)
1.10***
(3.72)

23.76
(3.70)
27.40
(3.15)
3.64***
(3.72)

28.34
(2.92)
29.96
(3.13)
1.62***
(3.43)

26.06
(3.77)
28.35
(3.47)
2.29***
(3.83)

19.81
(3.73)
22.75
(3.32)
2.94***
(3.52)

21.95
(3.88)
23.70
(3.62)
1.75***
(3.46)

19.66
(3.78)
23.07
(2.72)
3.41***
(3.34)

22.89
(3.24)
24.99
(2.94)
2.10***
(3.01)

21.04
(3.93)
23.48
(3.39)
2.44***
(3.46)

12.74
(1.94)
14.72
(2.29)
1.99***
(2.69)

15.72
(1.53)
16.11
(2.03)
.39***
(2.24)

12.29
(2.02)
15.14
(1.97)
2.85***
(2.52)

15.70
(1.52)
16.56
(1.96)
.86***
(2.28)

14.22
(2.35)
15.57
(2.22)
1.35***
(2.61)

11.36
(2.59)
15.65
(2.09)
4.29***
(3.18)

14.47
(2.24)
16.56
(2.14)
2.08***
(2.89)

11.30
(2.73)
16.18
(1.71)
4.88***
(3.11)

14.90
(2.26)
17.23
(1.84)
2.33***
(2.71)

13.03
(2.93)
16.29
(2.09)
3.27***
(3.21)

18.07
(2.31)
21.07
(2.32)
3.00***
(2.89)

20.73
(1.79)
21.97
(2.20)
1.25***
(2.40)

17.39
(2.63)
20.85
(2.03)
3.46***
(3.00)

20.62
(1.85)
22.13
(2.21)
1.51***
(2.61)

19.33
(2.55)
21.53
(2.28)
2.20***
(2.84)

Total
N
(SD)

Difference between pre- and
post-surveys

Effect
size
Cohen's
d

t

df

p

19.65

1245

< .0005***

.42

21.12

1245

< .0005***

.30

24.94

1245

< .0005***

.28

18.30

1245

< .0005***

.21

35.89

1245

< .0005***

.26

27.27

1245

< .0005***

.23

TK
Pre
Post
Development
PCK
Pre
Post
Development
TCK
Pre
Post
Development
TPK
Pre
Post
Development
TPACK

25.24
31.59
24.46
31.49
28.41
(3.74)
(3.07)
(4.27)
(2.90)
(4.78)
31.90
33.81
32.33
34.51
33.06
Post
(3.69)
(3.37)
(3.20)
(3.31)
(3.60)
6.66***
2.22***
7.87***
3.03***
4.65***
Development
32.97 1245 < .0005***
(4.91)
(3.86)
(4.87)
(4.00)
(4.98)
Note. * p < .05; ** p < .01; *** p < .001.
Table 2. Pre-service Teachers' mean TPACK scores in four groups (n = 1,246)
Pre

88

.40

A correlation analysis was then run to explore the correlations between the TPACK domain
subscales. Pearson correlation coefficients were used to test multicollinearity. Correlation analysis on the
seven post-TPACK subscales and seven TPACK development subscales were examined. The subscales
correlated with each other, but there was no evidence of multicollinearity, as assessed by Pearson
correlations (r < .9), thus justified the use of a two-way MANOVA analysis (see Table 3).
TPACK
1
2
3
4
1. CK
1
2. PK
.38**
1
3. TK
.42**
.34**
1
4. PCK
.48**
.67**
.33**
1
5. TCK
.44**
.51**
.44**
.54**
6. TPK
.35**
.49**
.38**
.38**
7. TPACK
.39**
.54**
.39**
.52**
TPACK Development
8
9
10
11
8. CK development
1
9. PK development
.29**
1
10. TK development
.34**
.27**
1
11. PCK development
.38**
.52**
.20**
1
12. TCK development
.29**
.32**
.36**
.32**
13. TPK development
.22**
.35**
.27**
.25**
14. TPACK development
.24**
.36**
.27**
.36**
Note. ** Correlation is significant at the .01 level (two-tailed). Strong correlations were bold.
Table 3. Pearson correlations among TPACK subscales

5

6

7

1
.51**
.57**
12

1
.73**
13

1
14

1
.43**
.48**

1
.65**

1

A two-way MANOVA was conducted to examine whether there were differences in pre-service
teachers' post-TPACK scores based on prior knowledge and course design. The researchers did not find a
statistically significant interaction effect between prior knowledge and course design on the combined
dependent variables, F(1, 1242) = 1.14, p = .33, Wilks' lambda Λ = .01, partial η2 = .01. However, there was a
statistically significant prior knowledge effect on the combined dependent variables, F(1, 1242) = 24.61, p <
.0005, Wilks' Λ = .12, partial η2 = .12. In addition, there was a statistically significant main effect of prior
knowledge on all seven post-TPACK scores. Pre-service teachers in cluster 2 reported higher post-TPACK
scores compared to those rated by pre-service teachers in cluster 1 (see Table 4 for more details).
Course Design 1
Course Design 2
Mean
Mean
95% CI
p
95% CI
Difference
Difference
Post-CK
2.08
[1.39, 2.77]
< .0005***
2.07
[1.00, 3.14]
Post-PK
2.19
[1.75, 2.62]
< .0005***
2.57
[1.89, 3.24]
Post-TK
.95
[.52, 1.39]
< .0005***
1.92
[1.24, 2.60]
Post-PCK
1.39
[1.11, 1.67]
< .0005***
1.43
[.99, 1.86]
Post-TCK
.91
[.64, 1.17]
< .0005***
1.05
[.64, 1.47]
Post-TPK
.91
[.61, 1.20]
< .0005***
1.28
[.82, 1.74]
Post-TPACK
1.92
[1.46, 2.37]
< .0005***
2.18
[1.47, 2.90]
Note. * p < .05; ** p < .01; *** p < .001.
Table 4. Post hoc test results of prior knowledge main effects for post-TPACK domains
Post-TPACK
Domains

p
< .0005***
< .0005***
< .0005***
< .0005***
< .0005***
< .0005***
< .0005***

There was a statistically significant course design effect on the combined dependent variables, F(1,
1242) = 8.18, p < .0005, Wilks' Λ = .04, partial η2 = .04. In particular, there were statistically significant main
effects of course design on six post-TPACK scores (CK, PK, TK, PCK, TCK, TPACK). Overall, the second course
design (using the TPACK framework) was found to be more effective in developing pre-service teachers’
TPACK (see Table 5).
Another two-way MANOVA test was conducted to examine whether there were differences in preservice teachers' TPACK development scores based on prior knowledge and course design. There was not a
statistically significant interaction effect between prior knowledge and course design on the combined
dependent variables, F(1, 1242) = .65, p = .72, Wilks' lambda Λ = .004, partial η2 = .004. However, there was a
statistically significant prior knowledge effect on the combined dependent variables, F(1, 1242) = 55.26, p <
.0005, Wilks' Λ = .24, partial η2 = .24. There was a statistically significant main effect of prior knowledge for all

89

the seven post TPACK scores. In fact, pre-service teachers in cluster 1 had better TPACK development scores
than pre-service teachers in cluster 2 in both course designs (see Table 6).
Cluster 1
Cluster 2
Mean
Mean
95% CI
p
95% CI
Difference
Difference
Post-CK
1.73
[.81, 2.64]
< .0005***
1.71
[.83, 2.60]
Post-PK
.34
[-.24, .91]
.25
.72
[.16, 1.27]
Post-TK
.33
[-.26, .91]
.27
1.30
[.73, 1.86]
Post-PCK
.41
[.04, .78]
.03*
.45
[.09, .81]
Post-TCK
.53
[.17, .88]
.004**
.67
[.33, 1.02]
Post-TPK
-.22
[-.61, .17]
.27
.15
[-.22, .53]
Post-TPACK
.43
[-.18, 1.04]
.16
.42
[.11, 1.29]
Note. * p < .05; ** p < .01; *** p < .001.
Table 5. Post hoc test results of course design main effects for post-TPACK domains
Post-TPACK
Domains

p
< .0005***
.01**
< .0005***
.01**
< .0005***
.42
.02*

Course Design 1
Course Design 2
TPACK
Development
Mean
Mean
95% CI
p
95% CI
p
Domains
Difference
Difference
CK
1.48
[.79, 2.17]
< .0005***
1.39
[.32, 2.46]
.01**
Development
PK
2.20
[1.74, 2.71]
< .0005***
2.02
[1.26, 2.77]
< .0005***
Development
TK
1.19
[.74, 1.64]
< .0005***
1.31
[.61, 2.01]
< .0005***
Development
PCK
1.60
[1.28, 1.92]
< .0005***
1.99
[1.48, 2.49]
< .0005***
Development
TCK
2.21
[1.81, 2.60]
< .0005***
2.55
[1.93, 3.17]
< .0005***
Development
TPK
1.75
[1.40, 2.11]
< .0005***
1.95
[1.40, 2.51]
< .0005***
Development
TPACK
4.43
[3.85, 5.02]
< .0005***
4.84
[3.93, 5.75]
< .0005***
Development
Note. * p < .05; ** p < .01; *** p < .001.
Table 6. Post hoc test results of prior knowledge main effects for TPACK development domains

There was a statistically significant course design effect on the combined dependent variables, F(1,
1242) = 4.24, p < .0005, Wilks' Λ = .02, partial η2 = .02. There was a statistically significant main effect of
course design for five post TPACK scores (CK, PCK, TCK, TPK, TPACK). Overall, the second course design
(using the TPACK framework) was more effective (see Table 7).
Discussion
Three main conclusions can be drawn from this study. First, the required educational technology
course was effective over the nine year period studied, which helped pre-service teachers develop TPACK (all
domains) no matter which group (cluster 1 or cluster 2) they were in. Second, prior knowledge affected preservice teachers' post-TPACK and TPACK development scores. Pre-service teachers who had higher prior
knowledge scores reported higher post-TPACK scores in all seven knowledge domains. This result confirms
the findings in the learning sciences that prior knowledge and experiences greatly affect how learners
perceive and organize new information and make connections between ideas (National Research Council,
2000). Pierson (2001) concluded that pre-service teachers had different levels of pedagogical expertise and
technology proficiency. Because of these differences, they perceived and approached technology integration
differently. Third, pre-service teachers enrolled in the second course design, a design grounded in the TPACK
framework, reported higher post-TPACK scores compared to the scores reported by pre-service teachers
from the first course design. Similarly, pre-service teachers in the second course design developed more
TPACK. Results from this study demonstrate that a content-specific TPACK course design was more effective
in developing pre-service teachers' TPACK. However, unexpectedly, although pre-service teachers with lower
pre-TPACK scores (i.e., cluster 1) developed more TPACK in the course, they still could not catch up with the
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pre-service teachers who had higher prior knowledge scores (i.e., cluster 2) after taking the course. This
finding contradicts results from Koh and Chai (2014) that more confident pre-service teachers developed
more knowledge compared to less confident pre-service teachers. Moreover, the new course design (using
TPACK framework) still could not adequately address the gaps between these two groups (cluster 1 & cluster
2) of pre-service teachers due to their different levels of prior knowledge and experiences.
Cluster 1
Cluster 2
TPACK
Development
Mean
Mean
95% CI
p
95% CI
Domains
Difference
Difference
CK
1.10
[.21, 1.98]
.02**
1.01
[.09, 1.92]
Development
PK
.52
[-.10, 1.15]
.10
.32
[-.33, .97]
Development
TK
.35
[-.23, .93]
.23
.47
[-1.07, .13]
Development
PCK
.47
[.06, .89]
.03*
.86
[.43, 1.29]
Development
TCK
.25
[-.26, .76]
.34
.59
[.33, 1.02]
Development
TPK
.26
[-.20, .72]
.27
.46
[-.01, .93]
Development
TPACK
.80
[.05, 1.55]
.04*
1.21
[.44, 1.99]
Development
Note. * p < .05; ** p < .01; *** p < .001.
Table 7. Post hoc test results of course design main effects for TPACK development domains

p
.03*
.33
.13
< .0005***
.03*
.06
.002**

These results suggest that the content-specific TPACK course design was more effective compared to
a course design that focused broadly on topics related to technology integration into PK-6 classrooms. These
results were an extension of previous research studies reporting that a stand-alone educational technology
course solely covering technology literacy and awareness was not sufficient (Allsopp, Alvarez McHatton, &
Cranston-Gingras, 2009; Herner-Patnode & Lee, 2009; Park & Ertmer, 2008). Abbitt and Klett (2007)
compared pre-service teachers' self-efficacy beliefs in three different course designs. They found that the
course design, which covered broad issues of technology integration, was likely to have more positive impact
on pre-service teachers' self-efficacy beliefs than a course where the goal was to develop pre-service teachers'
proficiency skills with specific computer technology. This current study found that course design mattered in
practice, and an approach that focused more on content-specific technology preparation was more effective
in developing pre-service teachers' TPACK.
It is worth investigating why the content-specific course design appears more effective in preparing
pre-service teachers' TPACK. As introduced in the methodology section, the second course design touched on
content-specific CK and PK with particular emphasis given to the interplay between CK, PK, and TK.
Furthermore, every content-specific module (2-3 weeks of instruction) was developed in a such a way to
model TPACK lessons in practice, which utilized technology at the modification and redefinition levels in the
SAMR model (Puentedura, 2006). Besides this content-specific organization, the instructors also adopted an
integrated approach to implementing six research-based strategies into the course (Tondeur et al., 2012).
These strategies were presented in the inner circle of the SQD Model, which was created based on a literature
review and synthesis of compelling qualitative evidence in preparing pre-service teachers for technology
integration. Instructors were: 1) using teacher educators as role models, 2) reflecting on the role of
technology in education, 3) learning how to use technology by design, 4) collaborating with peers, 5)
scaffolding authentic technology experiences, and 6) providing continuous feedback (Baran, Canbazoglu
Bilici, Albayrak Sari, & Tondeur, 2017). Overall, this study provided empirical evidence for the contentspecific technology preparation and the usefulness of implementing a holistic approach toward technology
integration. Therefore, it is beneficial for teacher educators to consider applying these two approaches within
teacher preparation programs.
To utilize the power of content-specific technology preparation, teacher educators should provide
content-based instructional modeling and application when working with pre-service teachers (Niess, 2005).
There are a few possible suggestions for implementing content-specific technology preparation in practice.
First, the TPACK activity types are useful resources to help situate pre-service teachers in thinking about and

91

reflecting on the interplay between CK, PK, and TK (Harris, Grandgenett, & Hofer, 2010). These researchers
also suggest that pre-service teachers combine and remix the activity types to design TPACK lessons, projects,
and units. Since teachers could use these activity types regardless of their teaching philosophy and approach,
there is room to teach content-specific pedagogies and instructional models during the process. In this way,
using the TPACK activity types as resources, teacher educators could guide pre-service teachers through the
lesson planning process referencing the designing cycles created by Hammond and Manfra (2009), Harris and
Hofer (2009), and by Hutchison and Woodward (2014).
Recently, Hofer and Harris (2016) designed a customizable, modularized, TPACK online short course
that showcases the utilization of the activity types and the real-life modeling from teachers. This short course
could also be remixed into existing content-specific modules in an educational technology course. Several
other online materials were developed over the years, which are designed to assist teacher educators better
prepare pre-service teachers for technology integration. For example, Figg created a 10-week gamified online
learning module (http://www.handy4class.com/h4c2011/tpack-teacher-quest-2015/), while Zeitz and his
students wrote a wiki book (https://en.wikibooks.org/wiki/TPACKing_for_a_Wonderful_Educational_Trip).
Doering, Veletsianos, Scharber, and Miller (2009) incorporated TPACK into Geothentic
(https://lt.umn.edu/geothentic/), while Angeli and colleagues designed a series of curriculum- and
classroom-based design scenarios (Angeli, Valanides, Mavroudi, Christodoulou, & Georgiou, 2015). Sharing
these materials and other resources online as open educational resources (OERs) and at major national and
international conferences will significantly contribute to pre-service teachers' TPACK development.
It is encouraging to know that content-specific TPACK course design was more effective in
development pre-service teachers’ TPACK than a course design more focused on broad topics of technology
integration. However, the content-specific TPACK course design did not close the TPACK gap that existed
between the pre-service teachers in the two clusters. Although cluster 1 pre-service teachers reported lower
prior TPACK scores, they developed more TPACK, especially when taught using the second course design. But,
compared to cluster 2 pre-service teachers, cluster 1 pre-service teachers still had lower post-TPACK scores.
This suggests that pre-service teachers with a different amount of prior TPACK might need more
differentiated instruction and scaffolding during an educational technology course. Two specific emerging
pedagogies in the higher education, adaptive e-learning system and team-based learning (TBL) might address
this finding, but more empirical studies should be conducted to investigate such effectiveness.
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Theoretical Framework
Those responsible for professional education in disciplines such as nursing (Nyangeni, du Rand, & van
Rooyen, 2015), social work (Voshel & Wesala, 2015), school psychology (Pham, 2014), medicine (Ross, Lai,
Walton, Kirwan, & White, 2013), pharmacy (Williams, Feild, & James, 2011), and education (Ashley, 2014;
Griffin & Lake, 2012) have noted that social media use can be a professional stumbling block. Social media
problems often fall in the realm of professional ethics, and there may be a need for developing standards of eprofessionalism (Fenwick, 2016).
Bock (2008) and Vacca (2005) suggested that the personal lives of teachers are subject to greater scrutiny
than are the lives of those in other professions, and teachers are bound by ethical codes and standards (e.g.,
Code of Ethics for Educators, Georgia Professional Standards Commission; Code of Ethics for Minnesota
Teachers; Texas Administrative Code Educators’ Code of Ethics). Kramer (2003) posited that teachers live in
glass houses and are held to intense ethical and moral standards as they serve as role models for their
students. In focus group discussions of teacher professionalism, Tichenor and Tichenor (2004/05) found that
teachers identified five categories of professionalism, consistent with Sockett’s (1993) categories. One of
these is character and includes teachers remembering that they are role models for their students, i.e., “have
good morals, are ethical in and out of school, [and] adhere to code of conduct/ethical behavior” (pp. 92-93).
In fact, a simple internet search using the terms “teacher loses job over Facebook post” produces thousands of
hits chronicling suspension and job loss for teachers who failed to maintain the moral and ethical standards
of the profession. From the Barrow County, Georgia high school teacher who was terminated after parents
complained of a Facebook post of her holding a glass of beer and a glass of wine (WSBTV.com, 2009) to a high
school teacher in Massachusetts who was forced to resign after calling students “germ bags” and parents
“snobby” and “arrogant” (Heussner & Fahmy, 2010), teachers are feeling the glass house effect. In education,
clearly social media presence and the image conveyed make a difference.
While it has been shown that social media presence and image conveyed can lead to teachers losing their
jobs, one’s social media presence and image may also influence whether or not one is hired for a position. The
April 2016 Careerbuilder.com annual social media recruitment survey showed a dramatic increase in
employers who use social media to screen job applicants in the ten years from 2006 (11%) to 2016 (60%).
Furthermore, search engines are used by 59% of hiring managers to research candidates (Careerbuilder.com,
2017). Of those who use social media to screen potential employees, 49% reported that they have made a
decision not to hire on the basis of what they found online – from drinking and drug use to evidence of poor
communication skills (careerbuilder.com, 2017).
Similarly, Griffin and Lake (2012), in one of the few studies of social media and professionalism in education,
surveyed K-12 principals to learn what, if anything, posted on teachers’ social media sites would prevent
principals from hiring prospective teacher employees. Principals were asked to rate 51 statements on how
likely they would be to influence a hiring decision. These statements reflected provocative or inappropriate
images and comments, comments and images about drug and alcohol use, information that was
discriminatory on the basis of race, religion, and gender, swearing and violent language. Twenty-two
statements were rated as likely to have a minor to moderate impact on a hiring decision, and 28 a moderate
to significant likelihood of impact.
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Given that social media presence and image conveyed can have serious consequences for teachers, it is
important for teacher preparation programs to include social media use as a topic within larger discussion of
professionalism. Generally, teacher candidates do not feel well-prepared when it comes to professionalism or
ethics education, as indicated in an investigation of teacher candidates in a birth through grade two program
(Brown, Cheddie, Horry, & Monk, 2017). Early childhood education candidates felt well-prepared in their
programs for certain aspects of professionalism, as identified by the National Association for the Education of
Young Children (NAEYC) Standards (2010), such as integrating theory and research on early education to
support teaching and collaborative learning relevant to professional role and practice. However, the data did
not clearly indicate that candidates were well-versed in the NAEYC Code of Ethical Conduct and other ethical
standards pertinent to their professional role (Brown et al. 2017). A five-country survey of ethics education,
which included topics such as ethical issues, teacher professionalism and professional qualities, showed that
teacher candidates in only 16% of initial certification teacher education programs surveyed in the United
States completed a standalone ethics course, though 76% of the programs in all five countries combined
reported that ethics is integrated into other coursework (Maxwell et al., 2016). Though there is evidence that
some training on teacher professionalism exists in teacher preparation programs, studies specifically focused
on preparation to use social media are scant. Yet, a recent analysis of school board social media policies
suggested that professionally oriented online participation has a number of benefits for inservice teachers,
including helping teachers feel less isolated, improving ability to support students and increasing
professional opportunities. This same study concluded that “it is imperative that they [teachers] are
knowledgeable about the policies that govern their social media use. Surely, teacher educators play an
important role in helping teachers build such knowledge” (Rodesiler, 2017, p. 299).
There are few empirical studies of social media use by pre-service teachers, but three studies revealed that
teacher candidates would benefit from some training in professionalism. Two investigations focused on
students’ awareness of appropriate social media post content. Crompton, Rippard, and Sommerfeldt (2016)
administered a survey to 121 teacher candidates and found that while most candidates knew they should not
post images involving alcohol, they were less certain whether it was appropriate to post pictures of parties or
silly behavior. Candidates also indicated that they knew not to post comments considered to be controversial
or offensive if the comment was the focus of the post. However, if the comment was part of a larger set of nonoffensive or non-controversial comments, candidates were unsure whether or not the post was appropriate
(Crompton et al., 2016). At a large Midwestern university, an investigation of elementary pre-service
teachers’ Facebook pages by Olson, Clough, and Penning (2009) showed that 32% of 471 pre-service teachers
had fully accessible Facebook pages (i.e., anyone was able to view the content of these pages) and that of this
32%, 56% (n=86) of the students’ pages included inappropriate information (e.g., curse words, references to
alcohol consumption) and another 22% (n=34) included marginally inappropriate (e.g., political views,
personal information such as students kissing) information. Mikulec (2012) studied 68 undergraduate
secondary education majors at a large Midwestern university who participated in an intervention intended to
change their views on the use of Facebook by inservice teachers. These teacher candidates read a series of
articles detailing problems encountered by professional educators who posted inappropriate information on
Facebook. Mikulec noted that pre-service teachers became more aware of the need to be careful with what
they posted and that they became more aware of the ethical concerns associated with teacher use of
Facebook. Furthermore, these participants “began to understand the moral standard to which teachers are
held by the public” (p. 9).
In an investigation of business majors, Peluchette and Karl (2010) hypothesized that students’ social media
postings would vary by the images they intended to convey to others. These authors also examined the
degree to which students were concerned that parents and potential employers were viewing their profiles.
Most students indicated they were okay with family viewing their social network profile but were somewhat
neutral when it came to employers or strangers viewing the profile, and, not surprisingly, those who were
okay with employers and family seeing their profile were significantly less likely to post inappropriate
content and to convey an image considered wild, offensive or sexually appealing. The current study replicates
this study using pre-service teachers as participants.
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Method
Participants
Participants were obtained from a College of Education at a regional university located in a rural setting in
the southeastern United States. Two types of participants were included in the study: undergraduates
enrolled in the pre-professional block (PPB) of a teacher education program and those at the student teaching
stage of their teacher education program. The PPB consists of three courses and a 51-hour practicum (field
experience) that must be completed prior to admission to an upper division teacher education program. All
students were asked to complete a survey regarding their social media use during an orientation (PPB) or
final seminar (student teachers). IRB approval was obtained to conduct this study, and participation was
voluntary. Surveys were returned from 454 students; however, only those who participated in SNS (n = 441)
were included in study sample. PPB students completed surveys in Fall, 2012 (n = 112), Spring, 2013 (n =
110), and Spring, 2016 (n = 164); student teachers completed surveys in Fall, 2012 (n = 55). The sample was
82.3% female, and ages of participants ranged from 18 to 49 (M = 20.74, SD = 3.101). The most common
majors reported by participants were Early Childhood Education (55.5%) and Middle Grades Education
(17.9%).

Instrument
The first author obtained permission from Peluchette and Karl (2010) to use their existing instrument on
student behaviors on social media sites. The current study focused on the same measures as the original
study: students’ perception regarding image conveyed on social media sites, preference for others viewing
social media sites, and likelihood of posting problematic information on social media sites.
Image conveyed on social media sites. This section contained 23 traits or characteristics which
students rated on a 5-point scale (5 = Very Likely to 1 = Very Unlikely). Six scales were developed from these
items: Appealing (sexy, popular, facially attractive); Wild (outrageous, bold, partier); Fun and Friendly (fun,
friendly, humorous); Offensive (offensive, irresponsible, immature); Intelligent (intelligent, high academic
ability); and Hardworking (hardworking, trustworthy, conscientious, reliable). The mean response to items
associated with each scale was calculated to create a scale score for each student.
Preference for others viewing social media sites. This section consisted of 9 items focused on
students’ preference for others viewing their social media sites. Respondents were asked whether they would
be okay with friends, family, classmates, university faculty, school teachers who supervise field experience,
current or possible employers, strangers, and future K–12 students viewing their social media sites. Students
used a 5-point Likert scale (5 = Strongly Agree to 1 = Strongly Disagree) to respond to items in this section.
Problematic information scale. In their original study, Peluchette and Karl (2010) created a
problematic information scale using items from the section of their instrument that addressed likelihood of
respondents including selected information on their social media sites. These same items were used in the
current study. Items included on the problematic information scale were as follows: comments regarding
personal sexual activities, self-photos including sexy, semi-nude, nude, with sexual props, with firearms,
and/or drinking alcohol, comments regarding use of alcohol or illegal drugs, or comments regarding
participation in activities that violated the Student Conduct Code. Responses to these 10 items were averaged
for each participant to create their problematic information scale score.

Results
Cronbach’s alpha for the six scales associated with image conveyed on social media sites ranged from .677 to
.794 indicating good internal consistency reliability for all scales. Scale means organized from highest to
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lowest in value were as follows: Fun and Friendly (M = 4.21, SD = .543); Intelligent (M = 3.75, SD = .784);
Hardworking (M = 3.74, SD = .681); Appealing (M = 3.32, SD = .750); Wild (M = 2.54, SD = .854); and Offensive
(M = 1.81, SD = .684).
Most participants agreed or strongly agreed that they were okay with friends, family, and classmates viewing
their social media sites with means ranging from 4.60 to 4.84. There was more moderate agreement
regarding preference for university faculty, P–12 supervisors, and employers viewing their social media sites
(means ranging from 3.75 to 3.89). The preference for strangers (M = 2.57, SD = 1.449) or future K–12
students (M = 2.79, SD = 1.392) viewing their social media sites was even lower.
The overall problematic content scale score mean of 1.27 (SD = .322) indicates participants were very
unlikely to post problematic content on their social media sites. The lowest mean values were seen for selfphoto in the nude (M = 1.01, SD = .107) and self-photo with sexual props (M = 1.02, SD = .158). The highest
mean value was seen for self-photo drinking alcohol or with alcohol in photo (M = 1.78, SD = 1.098).
Responses to this item along with self-photo with firearms (M = 1.46, SD = 1.005) had the greatest variability.
Intercorrelations were determined for scales describing type of image conveyed on pre-service teachers’
social media sites. The strongest, albeit moderate, relationship was seen between Hardworking and
Intelligent (r = .646, p ≤ .01) indicating that those who believed they would be viewed as hardworking on
social media sites also believed that they would be viewed as intelligent. Moderate positive relationships
were found for Fun and Friendly with both Intelligent (r = .442, p ≤ .01) and Hardworking (r = .500, p ≤ .01). A
moderate positive relationship was noted between Offensive and Wild (r = .517, p ≤ .01). Overall, stronger
relationships were seen among the “positive” images conveyed by students.
The type of image conveyed on social media sites was correlated with preference for others viewing social
media sites and likelihood of posting problematic content on social media sites. The strongest relationships
with posting problematic content were seen for Wild (r = .354, p ≤ .01) and Offensive (r = .382, p ≤ .01); while
significant, these correlations were weak to moderate in strength. There was a slight positive trend that those
who conveyed personal images of Intelligent (significant r-values ranging from .132 to .149) or Hardworking
(significant r-values ranging from .193 to .219) would be okay with those associated with the teaching
profession (university faculty, P–12 supervisors, employers) viewing their social media sites. Conversely,
there was a slight negative trend for those who convey their personal image as Wild (significant r-values
ranging from -.250 to -.299) or Offensive (significant r-values ranging from -.296 to -.307) indicating students
were less accepting of those in professional education settings viewing their social media sites.

Discussion/Significance of the Study
The findings of the current study were consistent with those of Peluchette and Karl (2010) and have
implications for any profession concerned with an ethical, professional identity. Though college students have
some reservations about future employers viewing their social media, some are still posting content that
validates these reservations. These students may be unaware that some of their personal social media
content may impact their future career and is considered grounds for termination in some fields, especially in
K–12 education. Those involved with the education and preparation of these future professionals must be
prepared to also coach them in the ethical expectations of their professions and help them avoid questionable
social media use (Fenwick, 2016). As Rodesiler (2017) noted, teacher educators can have an impact in
helping budding teachers understand the importance of professional social media use. In fact, several studies
(Crompton et al., 2016; Mikulec, 2012; Olson et al., 2009) showed that teacher educators can make a
difference in student awareness of what is and is not appropriate to post on social media. While these issues
have been addressed quite widely with inservice teachers, limited research exists regarding pre-service
teachers, social media use, and professionalism. This study contributes to this small, but essential area of
research.
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Introduction

It is widely agreed upon that transformative teaching within ever increasing technological
classrooms require the integration of content, pedagogy, and technology skills (Mishra & Koehler, 2006).
However, despite the theoretical promise of GBL reported in several recent meta-analyses (Clark et al., 2016;
Young et al., 2012; Wouters et al., 2013), pre-service and in-service teachers are deprived of professional
development opportunities that can empower them to systematically adopt GBL in their practice in formal
and informal settings (Ruggerio, 2013; Takeuchi & Vaala, 2014). In this paper, we argue that teachers not only
need to acquire competence in employing GBL, but they also need to engage in opportunities to explore their
professional identities as teachers who are motivated to teach with complex environments such as games. We
believe a focus on teachers’ will and skill to teach with games is the way forward in teacher education for GBL
(Foster & Shah, 2017).

Teachers, Games, and Identity

Several studies in recent years have illustrated the extent to which teachers can play an instrumental
role in engaging students in academic domains using GBL. For example, Jaipal and Figg (2009) demonstrated
how teachers needed to design supplemental activities to address the inaccuracies in the embedded content
in a science game. Watson and colleagues (2011) demonstrated teachers’ adeptness in identifying and
leveraging teachable moments to support students understanding of concepts in a history unit. Silseth (2012)
demonstrated a dynamic teacher-student interaction and its impact on student’s learning trajectory.
Eastwood and Sadler (2013) showcased how teachers needed to modify a game-based biology curriculum to
meet the needs of different groups of students. The deep-dive approaches described in the studies established
the fact that teachers’ presence is integral to GBL implementation in classrooms. However, in order to make
GBL accessible to more teachers, researchers need to cast a wider net for explicating the process of teaching
with games and by including examinations of practices involved before, during, and after game-based
interventions (Kangas et al., 2016; Shah, 2015).
It is not surprising that teacher education in GBL has made marginal progress because few
frameworks exist that define teachers’ knowledge of GBL and which can be used to scale teacher preparation
endeavors in in-service and pre-service settings (Shah & Foster, 2015). Some scholars have identified teacher
roles in classrooms (i.e. instructor, playmaker, guide, and evaluator) (Hanghøj & Brund, 2011). Other scholars
have developed typologies that can help teachers’ identity and to a certain extent their content and
pedagogical characteristics (Wu, 2015). However, in the absence of generalizable frameworks, a majority of
teachers may continue to adopt GBL via trial and error methods (Kenny & Gunter, 2011) and even large-scale
projects will be at the risk of losing the interest of participating teachers (Caldwell et al., 2017). Furthermore,
teachers’ competence in designing and facilitating game-based learning experiences will be incomplete if
their preparation does not support teacher’s understanding of the nature of learning games can afford and
what their roles may be in facilitating nuanced ways of learning with games (Shah & Foster, 2016).
Even as research in the field attempts to address the need for a unifying understanding of which
skills may be beneficial for teachers and how that can be translated into designing professional development
opportunities for pre- and in-service teachers, there is a growing recognition that skill alone is insufficient for
teachers to successfully teach with games (Foster & Shah, 2017). Teachers’ intention to uses games and their
ability to see themselves in the role of a professional who is able to facilitate learning with these complex
technologies is equally important (Chee et al., 2015; Sanchez-Mena et al., 2017).
Research on teacher learning and identity is prevalent (Borko & Putnam, 1996; 2000), exists in the
context of technology integration, and somewhat nascent in the context of game-based learning. For instance,
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Phillips (2016) examined the connection between an in-service teachers’ professional identity and a
community of practice and its impact on the enactment of teachers’ Technological Pedagogical Content
Knowledge (TPACK) over an eight-month period. Zibit and Gibson (2005) have used simSchool, a web-based
simulation game that tracks, logs, and supports the accumulation of a teacher's experience in analyzing
student differences, adapting instruction to individual learner needs, gathering data about the impacts of
instruction, and seeing the results of their teaching. Researchers such as Kaplan and Garner (2016) have
developed teacher professional identity models that examine identity in four areas – self-perceptions,
perceived purpose, action possibilities, and personal epistemologies as they are situated within individual
characteristics, culture, and social context. We argue that focusing on identity change as part of teacher
education in GBL learning is important as it can serve as a means to assess the impact of professional
development experiences on teachers’ motivation to adopt GBL. This is especially vital in teacher education
opportunities at the pre-service level where teachers tend to develop long term habits that influence their
teaching identities (Koehler & Mishra, 2005).
In this study, we explored the application of Game Network Analysis (GaNA) and Projective
Reflection to facilitate teachers’ knowledge of GBL as it relates to designing and implementing game-based
curricula that focus on learning as identity exploration in a year-long PD. We also explored the impact of the
PD on the evolution of teachers’ identity as professionals who perceive themselves as adopters of GBL.

Theoretical Frameworks

Game Network Analysis (GaNA) was developed as a methodological process for designing and
implementing GBL experiences (Foster, Shah & Duvall, 2015). It includes a focus on the pedagogy and content
of games as well as the process for employing game-based learning in classrooms in formal and informal
settings (Foster, 2012). GaNA comprises of an analytical lens for game analysis and selection by helping
teachers approach the game as a curriculum with constraints and affordances for technology, pedagogy, and
content (Foster, 2012). It includes Play Curricular activity Reflection Discussion (PCaRD) model that aids
teachers in (a) the systematic incorporation of games in classrooms in order to flexibly accommodate
challenges inherent in a typical school structure; (b) the design of learning environments where student
engagement, teacher intervention, curricular inquiry are in synergy; and (c) overcoming limitations of the
games being used (Foster & Shah, 2015b). GaNA facilitates teachers in designing opportunities for inquiry,
communication, construction, and expression to foster transformative learning experiences anchored in the
game (Foster & Shah, 2015a). The decisions teachers make during game analysis and game integration are
guided by ecological conditions impacting the successful use of GBL experiences. These conditions include
social dynamics, organizational and technological infrastructure, and pedagogical culture of the context in
which GBL is to be introduced (See Figure 1).
Previous applications of GaNA have focused on developing teachers’ competence in analyzing games,
integrating them and considering the ecological conditions as necessary skills in adopting GBL, a theoretical
model that helped teachers focus on ‘what kind of learning’ was missing (Shah & Foster, 2014; 2015). Thus, in
this study, Projective Reflection (Foster, 2014) was used in conjunction with GaNA to not only facilitate
participating pre-service teachers to develop the knowledge and skills essential for adopting GBL but also be
able facilitate learning as identity change using games and immersive environments.
Projective Reflection offers one conceptual tool for understanding the way learners engage in selftransformation, or identity change in immersive interactive environments such as games and virtual worlds
(see Figure 2). This model integrates a focus on content and on the self through a view of learning as
inextricably tied to the self (Foster, 2014). Projective Reflection informs the process of identity exploration as
it is measured at repeated points over the course of students’ learning experiences, thereby tracking learning
as identity change across the four constructs (knowledge, interest and valuing, regulated actions, and selfperception and self-definition), and mapped along six questions: a) what the learner knows – current
knowledge, b) what the learner cares about – self and interest/valuing, c) what/who the learner expects to be
throughout the virtual experience and their long term-future self, d) what the learner wants to be – possible
self, e) how the learner thinks – self and interest, and f) how the learner sees him/herself – self-perception
and self-definition (Shah, Foster & Duvall, 2017). These questions are used during measurements of a
learner’s initial current self, the exploration of possible selves (measured repeatedly over time), and a
learner’s new self (at a desired specific end point).
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Projective Reflection can serve as an analytical lens to design curricula or retroactively examine
identity exploration in completed play experiences. The PCaRD model (See Foster & Shah 2015b for more
information) can be used to enact the Projective Reflection process in the game through Play, and outside the
game through Curricular activities, including opportunities for Reflection and Discussion, that ultimately
provide students with opportunities to intentionally construct knowledge, cultivate interest and valuing for
the academic domain, develop competence with the learning content and context, and explore possible selves
in relation to the academic domain. Weaving GaNA and PR together to design a PD allows teachers to
understand the extent to which an existing game allows opportunities for identity exploration and change
(game analysis), and to design opportunities that afford identity exploration and incrementally track identity
change in learners (game integration) while being cognizant of the conditions that may impact these
analytical and pedagogical decisions.

Figure 1. The Game Network Analysis

Figure 2: The Projective Reflection model for framing learning as identity change

Methodology

This investigation is situated in an a larger ongoing 5-year National Science Foundation project that
aims to develop and test a process of supporting learning as intentional identity exploration and change for
students using immersive learning environments to learn science, and provide implications for designing and
teaching in technological environments for learning as identity change (Foster, 2014). For this study, we used
a concurrent mixed-methods research approach (Tashakkori & Teddie, 2003) to examine the impact of a
year-long PD course (2016-2017) on pre-service Science teachers’(a) knowledge and skills to facilitate
identity change through GBL; and (b) professional identities as teachers who adopt GBL as an instructional
approach in the future. A mixed-method approach was adopted as the researchers quantitatively assessed
knowledge gains and changes in motivation to use GBL in the future, and interpretively explored the process
of learning about GBL and seeing oneself in the role of a teacher who facilitates GBL. Since this is an on-going
study, this paper addresses the following research question, “To what extent do participating pre-service
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teachers’ experience change in knowledge of GBL and their identification with a role of a teacher who adopts
GBL in his/her practice?”
Participants and Settings
The study was conducted in a private university in a large Northeastern city in United States of
America. Participants were solicited from a relatively new program within the university that offers Science,
Technology, Engineering, and Mathematics (STEM) majors the opportunity to receive secondary teaching
certification alongside their degree and co-op experience in Math, Biology, Chemistry, Physics, or General
Science. Furthermore, the program is designed to address the national need for qualified STEM teachers by
allowing students to experience secondary teaching through inquiry-based instruction. The program is a
collaborative effort of the College of Arts and Sciences, the College of Engineering, and the School of
Education. The program was identified as a good fit with the goals of the current study and thus convenience
sampling was applied to obtain as big a sample size available from the pool of pre-service teachers enrolled in
the program. Participants could select one of the two options as part of the PD: (a) monthly sessions only
from October 2016-May 2017; (b) monthly sessions in conjunction with opportunities to co-teach a GBL for
identity change course on environmental science and urban planning for high school students at a local
science museum from November 2016-March 2017. Participants were given a stipend based on the nature of
opportunities in which they engaged.
Three pre-service teachers initially enrolled in the PD and consented to participate in the research
study. Two participants continued the professional development for the entire duration. Participant one (Min
Lu, pseudonym) was a female undergraduate student of biomedical engineering and earning a teaching
certification for elementary science education. Min Lu participated in the monthly sessions only. Participant
two (Patrick), a male, was an undergraduate student of architectural engineering and earning a teacher
certification for secondary science education. Patrick participated in the monthly sessions and the classroom
experience.
Data Sources
Qualitative data for answering the research question was collected using a 7-item DSMRI trigger
activity (Kaplan & Garner, 2016) that required participants to reflect on their ontological epistemological
beliefs, action possibilities, purpose and goals, and self-perception and definitions in their role as a teacher
who adopts game-based learning in his/her practice. Example of items included- " What must happen for
someone in your role to be successful?", " What central personal characteristic of yours most influences how
you are in your role?" Participants completed this form at the start of each session thus triggering the
professional role identity that was of significance to the study during the session and making reflection on the
role an intentional and a continuous process. Additional data was obtained through participant observations
and artefacts participants created during PD sessions and classroom teaching experiences. Patrick also
completed reflective memos at the end of each game-based intervention. Quantitative data was collected
using the pre-post Teachers’ Knowledge of Game-Based Learning (TKGBL) survey to assess change in
participants’ knowledge of GBL through subscales for game analysis (TPACK), game integration (PCaRD), and
ecological conditions (CITE) that affect the use of technology in education (see Shah, 2015 for more
information on TKGBL).
Data Analysis
This paper answers the research question using findings obtained from the DSMRI activity and
TKGBL survey. Qualitative data obtained for the questions on participants’ professional identity of a teacher
who adopts GBL in his/her future practice were analyzed using the following guidelines suggested by Kaplan
and Garner (2016). The authors read through the written responses and identified the various role-identities
expressed within (e.g. teacher, teacher who adopts game-based learning, teacher who integrates technology).
An analysis for each role was conducted separately, starting with the role that was the focus of this research
study- a teacher who adopts game-based learning in his/her practice. For each role, themes, sub-roles, subcontexts were identified. Statements were coded in relation to this role according to the four components in
the DSMRI and the alignment/misalignment of the components were identified. Thereafter, an analytical
summary of each role-identity that included its content (that is, the beliefs held, the goals pursued, selfperceptions and self-definitions that were expressed, and actions, and strategies noted), its structure (that is,
the alignment and misalignment within and between components; the sophistication of the alignment and its
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process (that is, indications of change, reflectivity, questions) indicating the span of the role-identity across
sub-roles and sub-contexts. Finally, an analytical summary of the integration or the lack-there-of of the
various role-identities through the narrative were written.
A matched-paired t-test was used to assess change in participants’ self-reported knowledge of GBL
on the TKGBL Survey. The significance level for all tests was set at p < .05. Cronbach’s alpha obtained from a
split-half reliability analysis indicated that the GaNA Knowledge survey, which included the three subscales of
game analysis (TPACK), game integration (PCaRD), and ecological conditions (CITE), had good to excellent
reliability (see Shah, 2015).
Professional Development Overview
One postdoctoral scholar with expertise in developing and assessing teachers’ knowledge of GBL
designed the Games Science and Identity Change PD with guidance from the Principal Investigator. The
researcher led each session (once a month for five hours each) with supported from at least one doctoral
student and an undergraduate student who led some activities and served as participant observers
respectively. Activities in each session were designed for participants to experience play, curricular activities,
discussion, and reflection (Foster & Shah, 2015b) to meet the objectives for the day. The first two sessions
were mandatory for the participating teachers and focused on establishing a foundation for facilitating
learning as identity change through GBL theoretical, pedagogical, and analytical frameworks such as Game
Network Analysis (GaNA) and Projective Reflection. Participants explored Philadelphia Land Science, a game
that was designed to facilitate the exploration of the roles of an urban planner and environmental scientist
(Foster & Shah, 2016). The game was also chosen for exploration since Philadelphia Land Science was being
implemented concurrently in the museum setting. Participants were informed at the outset that the sessions
thereafter would be designed based on their interests and needs in order to make the PD meaningful for them
and their areas of concentration. Table 1 presents an overview of the eight sessions from October 2016-May
2017.

Results

Tables 2 and 3 present change in the two participants’ knowledge of GBL as assessed through the
TKGBL survey. Next, an emerging profile of Patrick’s identification with the role of a future teacher who
incorporates GBL in his practice is presented. Patrick’s profile is created based on his responses from session
1 (October 2016) to session 8 (May 2017). For each session, his role identification was documented in terms
of his ontological and epistemological beliefs, self-perception and self-definition, purpose and goals, and
action possibilities. Finally, for each session, whether Patrick perceived a coherence in his role identification
along the four constructs was documented.
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Table 1. Overview of the Professional Development Sessions

Table 2. Descriptive statistics for Teachers Knowledge of Game-Based Learning Survey
Groups
Means
S.D.
Std. Err Mean
Pre-TPACK
20.58
1.96
1.39
Post-TPACK
25.17
0.37
0.26
Pre-PCaRD
29.57
5.00
3.53
Post-PCaRD
37.92
1.17
0.83
Pre-CITE
5.33
0.47
0.33
Post-CITE

8.83

0.70

Table 7. Paired t-Tests Analysis of The Teachers’ Knowledge of Game-Based Learning
Source
df
Pre-Post Game Analysis Knowledge
1
(TPACK)
Pre-Post Game Integration Knowledge (PCaRD)
1
Pre-Post Ecological Conditions Awareness and Skills (CITE)
11
Note: P<.01, R2 = .73*, .57**, .90***

0.50

N
2
2
2
2
2
2

t
-4.09

p
0.000

d
-3.25*

-1.92
-4.20

0.000
0.000

-2.30**
-5.87**

Change in Patrick’s Ontological and Epistemological Beliefs
Patrick began the PD by believing that in order for him to be successful in his role of a teacher who
incorporates GBL in the future, his practice had to be student-centric; that is, “the students coming out of the
classroom having learned something or taken something away from it.” His focus on the students remained
constant as a measure of his success in the role as he believed in the importance of monitoring students’
progress continually and providing them with opportunities to grow via reflection. As the sessions
progressed, Patrick stated that he as a teacher needed to be ‘present’ during game-based lessons in order to
give feedback to students as engaged in game play and be available to support them as they investigated
aspects of a game that interest them and made connections with the necessary content. Furthermore, as
Patrick continued articulating his beliefs about what would be beneficial for him in this role, he expressed the
importance of developing learning goals that are clear and relevant for the students, and how ensuring this
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would give way to purposeful game-based units and lessons. He added that as a teacher he needed to be
proactive and research different pedagogical approaches in order to choose the most effective one for the
lesson. Additionally, he expressed he needed to be “intimately familiar with the game in order to provide the
best learning opportunities for the students.” Patrick completed the PD believing that in order to be
successful in his role as a teacher who adopt GBL, he needed “to have both a theoretical and practice
knowledge base/experiences”
Change in Patrick’s Self-Perception and Self-Definition
At the start of the PD, Patrick perceived himself as competitive and outgoing and as a result believed
he could “get students to be excited about what they are doing.” He claimed to love technology and believed
that this personal characteristic would be useful in a future where the world will continue to experience more
technological advancements. For three consecutive sessions, Patrick indicated that his willingness to engage
in self-reflective practices in addition to characteristics such as leadership and patience would greatly
influence how Patrick would perform in the role of a teacher who teaches with games. During these sessions
he added the following, which appeared as manifestation of his willingness to engage in self-reflection for the
betterment of his practice. For instance, Patrick claimed he desired to seek out new resources, pedagogical
approaches, and “do research” in preparation for teaching. In another session, Patrick believed he was keen
on adapting his practice to best suit the needs of his students. Closer to the end of the PD, Patrick saw himself
as a teacher who persisted when it came to trying new techniques or pedagogical methods, was willing to
refine the ideas, and even discontinue them if they are unsuccessful. Towards the end of the PD, Patrick saw
himself as “someone who is invested in their own growth and wiliness to be reflective.”
Change in Patrick’s Purpose and Goals
In terms of his major goal(s) in his role as a future teacher who is likely to adopt GBL, Patrick began
the PD wanted to acquire an understanding of what GBL can help students with. As he continued to engage in
the foundational sessions, Patrick expressed he wanted to use GBL in conjunction with other learning
practices claiming that “most learning theories are successful in conjunction with each other, so this will be
amazing addition.” His goals resonated similar sentiments in the following sessions as Patrick wanted to fit
GBL into existing pedagogical approaches such as inquiry-based learning. His focus on students emerged even
in his purpose and goals as Patrick claimed he wanted “To make sure that the games I choose have purpose
and can actually help the students learn, as opposed to using GBL for the sake of GBL.” Patrick sustained his
focus on students as he expressed that as a teacher his goals were for students to see purpose in what they
were doing and for both groups to see measurable growth in learning. Towards the conclusion of the PD,
Patrick believed his major goal as a future teacher who would adopt GBL, his major goal was to implement
GBL to complement inquiry and ensure success for his students.
Change in Patrick’s Action Possibilities
In the beginning, Patrick was not sure what his one major behavior would be in role of a future
teacher who incorporates GBL in his practice. In the following sessions, even though Patrick pinned down on
his primary focus as a teacher (i.e. students) to articulate his action possibilities, for several sessions, what he
articulated were goals. For example, he wanted to ensure that students were allowed explore “as freely as
possible, while providing a safe environment for the discussion of ideas.” He envisions being there for his
students to encourage them to think critically, to provide feedback to the students “early and often”, and to
engage in self-evaluation of his practices in order to maximize student growth. Towards the conclusion of the
PD, he began articulating ways of achieving these goals. For instance, in the penultimate session, Patrick
stated he would design a structure for his by designing student guides, rubric, forms of evaluation which
students could use as they progress through a GBL unit. In the final session Patrick further explored
behaviors that he would like to undertake to pursue his goals. Patrick said, he would like to be a teacher “who
keeps good sets of tried and tested lessons, and is willing/interested in sharing them with others. This could
be in the form of research, mentoring, etc. No need to reinvent the wheel every time.”

Coherence in Patrick’s Role Identification

In the beginning, Patrick did not think his articulation was coherent or made sense to him. At the
most, Patrick gleaned that he wanted to learn more about the benefit of GBL for student learning. Gradually
he began piecing his articulation together and identifying what was emerging. Towards the end of the
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foundational sessions, it was clear to Patrick that he liked seeing students succeed and he wanted to use GBL
in conjunction with other instructional approaches. He sustained his interest in supporting student learning
and in reflecting on his articulations to begin identifying strategies or action possibilities to achieve his
proposed goals. For instance, Patrick said, “in order to achieve student growth, I need to be trying a bunch of
different strategies and building on the ones that my students grow from.” He also gathered insights from his
experience co-teaching a GBL course with the researchers. Patrick believed that managing a GBL
lesson/classroom was different than what he had worked on in his past. He believed he was developing
confidence in implementing a pre-existing GBL plan and be able to achieve student growth. However, he was
still not confident designing a game-based curriculum. Patrick demonstrated that his ability to reflect was
useful to his growth as a teacher who would teach with games. Even when his articulations did not explicitly
state the actions he would undertake, Patrick was able to draw possibilities through insights from reading his
articulations. For instance, he proposed that in order to support students, he would encourage students’
discussion of in-game choices and work with them on projects as they progressed through a game. He
continued making connections between his goals and actions throughout the PD. For instance, towards the
end, he that in order to create student guides Patrick needed to rely on his knowledge of the game. Similarly,
Patrick compared of teaching with games to teaching in general. Specifically, Patrick concluded that teaching
with games is a process that can involve nurturing the willingness to try new things. In order to ensure
success it is important that teachers maintain a balance between time and commitment to adopt instructional
approaches like GBL.

Conclusion and Implications

This paper reported preliminary findings from Games Science and Identity, a year-long PD offered to
pre-service STEM teachers as part of an on-going NSF CAREER study that aims to advance learning processes
in games that can lead to the exploration and commitment to identities in a particular domain. The objective
of the study reported in this paper was two-fold (a) to facilitate participants to acquire the knowledge and
skills teachers need to design and lead a game-based learning experience; (b) to promote participants’
exploration of professional identities as teachers who would teach with games in the future.
The design of the PD was informed by Game Network Analysis and Projective Reflection frameworks.
GaNA guided the methodological skills teachers need to be exposed to and cultivate in order to identify games
for specific learning goals, design curricula around the game, and integrate them in their contexts of practice
(Shah & Foster, 2015). Scholars have urged researchers to expand pedagogical considerations of teaching
with games to showcase the entire spectrum of activities teachers need to engage in in order to successfully
teach with games (Kangas et al., 2016). PR led the participanting teachers to understand how games can
afford learning as identity exploration and their skills of game analysis and integration can be leveraged to
support nuanced ways of learning with games. While there is evidence from classroom studies to illuminate
that teachers can be adept at facilitating students’ engagement in academic domains through games (Silseth,
2012; Watson et al., 2011), there is a dearth of studies that have illustrated how teachers can be trained for
transformative teaching with games.
Results indicated a significant difference in pre-service teachers’ knowledge of game analysis, game
integration, and ecological conditions. The Games Science and Identity PD had a strong effect size on all the
three knowledge areas, the highest being for participants’ awareness of and skills to address ecological
conditions that impact the success of GBL. This finding is important for researchers and teacher educators
interested in game-based learning because it brings to the fore that teachers need to be supported to make
decisions about game analysis and integration are impacted by the context in which GBL is to be introduced
(Shah & Foster, 2014). As is argued by Mishra and Koehler (2006), context impacts the choice of technology
and how the technology is implemented to achieve specific learning goals. One participant named Patrick
(pseudonym) completed the PD sessions in conjunction with classroom experience. As illustrated in the
evolution of his professional identity, Patrick believed in a student-centric approach to teaching with games.
This impacted the nature of personal characteristics he identified, the goals he proposed to pursue, and the
actions that might be favorable for him to support the students he would work with. Long-term examinations
of change in teachers’ professional identities are important as they make the connections between teachers
past and current knowledge transparent and also provide a window to teachers’ future enactments (Philips,
2016). In future reports from this study, findings obtained from multiple data sources will be triangulated to
generate a more comprehensive picture of Patrick and Min Lu’s professional identities. Future analyses will
also focus on identifying similarities and differences in the two participants’ articulations, and examining the
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impact of classroom experience on participants’ professional identities.
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Introduction
Today more than ever, there are great expectations of academics in higher education to publish and
attain a high impact factor to support funding allocation. Scholarly writing may be viewed through the lens of
statistics and metrics, in terms of outcomes and impact. Academics are becoming more aware of the analytical
data on publications views and citations. Also, these publications and impact factors are lenses being used
when recruiting new academics. As early career academics begin their scholarly journey in higher education,
it is important that they develop the knowledge and skills to navigate this new academic writing landscape.
Analytics surface an expectation of strong writing output: writing is to be not only published, but
published in high impact journals. Such expectations challenge new academics as they look to their previous
graduate and postdoctoral programs, to see the development of academic writing capacity. As they begin
their academic journey, what supports and strategies help early career professors to continue to their
evolution as well rounded academic researchers and writers?
The purpose of this paper is twofold. First, we share a review of the literature that examines current
strategies and programs that support academic writing capacity development of early career academics.
Second, using a self-study research methodology, we share emerging findings from our pilot study of a virtual
writing group and recommendations.
Academic Writing: Expectations and Models
Expectations have increased as early career academics are facing a new publish or perish challenge
within academia: administrators are focused on all faculty achieving quality writing impact and engagement.
However, parallel to this expectation is the onset of predatory journals (i.e., a known business model that
charges academics to submit articles to their journals) that are now prevalent with open-access publishing
(McCann & Polacsek, 2018). Navigating the world of academic publishing no longer simply requires writing
skills. Now, more than ever, early career academics need to incorporate strategic approaches to building their
writing skills for high impact while developing an acumen for long-term scholarship.
Early career academics may encounter many challenges as they shift into their new academic
positions. One of these challenges is how to increase publication output from that of a doctoral student
mindset, to the development of research writing for high impact scholarly journals. While perseverance is a
fundamental trait needed for new scholars, there are many approaches to writing for these early career
academics (Hillege, Catterall, Beale & Stewart, 2014; Kent, Berry, Budds, Skipper, & Williams, 2017;
Wilkinson, 2015).
One of the strategies that is common throughout the academe is the use of writing groups. A writing
group is an informal or formal gathering of members that are committed to achieving specific writing goals at
a set time (Badenhorst et al., 2016). The group members themselves can be collaborating to write a single
paper, or they can be meeting to engage each other as supports toward individual writings (Badenhorst et al.,
2016). Sonnad, Glodsack & McGowan (2011) described the outgrowth of their writing group as “an effective
intervention for increasing publishing rates of female junior faculty” (p. 811).
Writing groups can support more than publication output numbers and the capacity development of
the scholars themselves through establishing specific attributes and productivity skills. Writing skills involve
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many aspects of the writer's journey and can include: development of one’s writing skills for specific research
methodologies (i.e., qualitative and quantitative methodology writing), specific journals (i.e., understanding a
particular journal’s formatting and language use), and writing approach practices (i.e., goal setting, writing
outlines, use of collaboration, etc.). It can also include peer review and feedback on the work.
There are various models that can be used to guide writing groups. For example, Olszewska and Lock
(2016) identified two models used to support academic staff writing groups in a Faculty of Education. The
“Structured and Guided Process” (p. 136) model was designed based on a 12-week program where faculty
meet weekly for two-hours and worked to prepare a draft of their work for peer-reviewed publication. The
use of peer-review feedback played a critical role in the writing process. The other model, “Open Forum with
Retreat” (p. 137) used the two-hour block of time for the writing, as well as included including a writing elder
to advise on strategies and guidance for group. The initiative was extended to include a writing retreat where
individuals identified writing goals prior and reviewed them after and determine next steps (Olszewska &
Lock, 2016). Both models provide a structure to a process for academic writing.
Writing groups can be used with both junior and senior academic staff (Sonnad, Goldsack, &
McGowan, 2011). This writing community can begin with doctoral students. As the doctoral students
progress through their studies, they need to be encouraged to, as well as be given opportunities to use the
collaborative ideation within a writing group to develop and improve their knowledge and skills for academic
writing. Often they are supported by their supervisor for this group writing or by a writing group. The
challenges come when they transition from being a doctoral student to early career academic. While facing
the opportunities and challenges that come with first-time academic appointments, which often comes with
re-locations, the support of an already developed writing community writing maybe an effective support, and
yet may be unrealized. Doctoral students can establish strong writing connections with their supervisors and
classmates, and consequently develop ad hoc writing synergies within these communities during their
programs which may establish a foundation for which they can continue to draw upon when they relocate to
their new academic position. The affordances of technology for synchronous and asynchronous
communication and collaboration can provide the means for such groups to continue to write together and
support each other’s writing at a distance.
There is limited research examining the structure and impact of writing groups in virtual
environments and within the context of supporting early career academics as they transition from student to
academic. Research does support the use of online environments for knowledge construction in coursework
and learning communities - both local and global (Mayordomo & Onrubia, 2015). Drawing on best practices
related to online learning that fosters peer-to-peer interaction will help to inform the design of the virtual
environment. Further, purposeful selection of online applications can support virtual writing groups
(Pietrobon, Nielsen, Steele, Menezes, Martins, & Jacobs, 2005). Given the pervasiveness of online
asynchronous writing applications (e.g., Google Docs, Manuscript Architect, etc.) and the established strength
within virtual communities, it is suggested that early career academics could benefit from purposeful writing
group meetings from their established doctoral learning communities.
Research Design
A natural writing partnership developed between two researchers as a result of a supervisor and
doctoral student mentorship. After the student completed her doctoral program, both researchers found it
beneficial to continue researching and writing together. The former doctoral student moved continents and
began an academic position. Through the affordances of selected technologies the two continued to work
virtually, bridging the time and geography. Their virtual writing group involved both synchronous and
asynchronous components. Their first virtual writing project involved using synchronous videoconferencing
during a weekly-scheduled meeting time. The two researchers worked online and offline to complete the
paper over a three-month period. Other writing initiatives emerged and they continued on with the virtual
writing group.
In 2018, a pilot study of our virtual writing group was conducted using self-study research
methodology. Self-study methodology aligns with practitioner-based research given it “is a stance that a
researcher takes toward understanding or explaining the physical or social world” (Samaras, 2011, p. 86).
Self-study requires a “strong personal reference in that it involves study of the self and study by the self”
(Samaras & Freese, 2006, p. 14). This constructivist approach involves “ongoing inquiry, respects personal
experience, and emphasizes the role of knowledge construction. The collaborative component of self-study
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acknowledges the important role of the social construction of knowledge” (Samaras & Freese, 2006, p.14).
Self-study research “is for personal and professional development”, and contributes to both “personal
knowledge and to the knowledge base of teaching and education”
(Samaras, 2011, p. 14). With a self-study, the educator, in our case the academic who is the researcher, is
placed at the centre of our own enquiries (Samaras, 2011). For this study, it involves an early career academic
and a senior scholar/academic who have engaged in a virtual writing group.
Samaras (2011) reviewed the literature to establish a foundation to identify five methodological
components (i.e., foci) used in self-study research. In the following text, we evidence how this study aligns to
a self-study methodology.:
1. Personal situated inquiry – This research explored a self-study of developing academic writing
capacity within a virtual writing group environment. The pilot study began with a senior and early
career academic located into Canada and Australia. Mutually interested in developing and enhancing
their own, as well as a team’s academic writing.
2. Critical collaborative inquiry – Working in “an intellectually age and supportive community”
(Samaras, 2011, p. 72), we co-designed and co-authored work, provided peer feedback, as well as
reflected on and inquired into our writing as a means for improving our practice.
3. Improved learning – Questioning the status quo of one’s own writing and knowledge mobilization
practice and institutional politics has occurred to improve our practice. Through this lens of
questioning and discourse, we are identifying strategies and approaches that not only help our pilot
initiative but also areas of impact, growth and sustainability that are focused on supporting capacity
development of early professors within the knowledge mobilization of academic writing.
4. Transparent and systematic research process – There is a strong need to be transparent and clear in
documenting our “research process through dialogue and critique” (Samaras, 2011, p. 72). With our
weekly synchronous meetings, notes were recorded and shared. As we engaged in discussion about
specific elements of the writing, general notes or using the comments feature, such items were
recorded. Near the end of the first writing project, a set of questions were used to reflect on our
experience regarding what worked, what were the challenges, and what were highlights of the
experience. As a formal structure process, the narratives provided a space to reflect on the
experience rather than the work, and to share in open discussion about the experiences and
processes. These insights were gleaned from reflection for synthesis.
5. Knowledge generation and presentation – Findings from a self-study research “generates knowledge
that is made public through presentations and publications” (Samaras, 2011, p. 81). As such, the
outcomes of our pilot study focused on virtual writing group processes to be shared in presentations
at the faculty and university level, as well as through conference presentation and publication, in an
international peer-reviewed journal. The critical element of this foci, involved the creation of
opportunities for us to share what we have learned in a public forum, as well as to engage in
discussions (e.g., conference presentation) with others. The reciprocal exchange provides further
examination of development capacity of early career academics writing skills when using virtual
writing groups.
Findings
From the analysis of the narrative responses, four main themes emerged: 1) Individual attributes; 2)
Supportive characteristics of mentorship; 3) Group supports; and 4) Process supports. Each of the themes, as
discussed in the following section, were found to have an integral role in developing early career academics’
writing capacity through virtual writing groups.
Individual attributes. The theme of individual attributes is associated with items beneficial for the
development of one’s own writing capacity when using virtual writing groups. These concepts linked:
foundational constructs of accountability, commitment, motivation and openness for learning as integral
individual attributes for building writing. Highlighting the inter-connection of these constructs, one
participant suggested, “Both parties need to be interested in life-long learning and look at ways to develop
themselves as researchers and writers.” One’s ability to develop and maintain these affective constructs also
surfaced in the findings as ability for self-regulation. For example, one academic expressed,

113

There were times when I did not complete my section of the work… I felt I had disappointed my
colleagues. Yet, given my colleague and I have a great relationship, and we can appreciate each
other’s workload, I knew this would not damage the dynamic of the writing relationship.
This notion of self-regulation proved to be a strong indicator for positive development of writing
capacity. Statements such as “time commitment is integral” and “the computer screen can be distracting given
email is coming in during meeting times” exemplified ways that individuals regulated themselves for ensuring
focused productivity.
Trust was viewed as part of the collaboration process. Statements, such as the following, reflect the
safe environment for people to share their work and ideas and know their contributions are valued: “The
sharing of ideas during the writing process was a big motivation for me” and “I know that I have a voice”.
Having trust among the members is a key component for ensuring collaboration. One academic expressed,
“[They] need to have a peer or set of peers they can trust as they learn to navigate the expectations and work
of academia.”
Supportive characteristics of mentorship. Specific traits of the senior scholar, or mentor,
encouraged and supported the development of the individual attributes, as noted above. The encouragement
and supportive nature of the senior scholar was further identified as one who knew how to guide the early
career academic for long-term reach. The summation of mentorship was evidenced by one narrative that
suggested, “senior scholars know when to lead, when to support, and when to guide, as well as when to step
away.” The emerging scholar supported the importance of knowing the commitment level of a senior scholar
when she stated, “transition was dependent on her willingness to be a long-term mentor.” Being able to
mentor, and knowing that you are being mentored by a committed mentor, were found to be key elements of
an effective mentorship process.
To help facilitate mentorship during a virtual writing group, it was identified that the scholars may
also share similar goals and individual attributes. “I think we both have a similar bent… which means that we
are able to help support each other by understanding what is important to the other person and being able to
follow through on our writing commitment.” This notion of mentorship guidance was furthered when the
mentor was overt about the goals to be achieved. She noted, “the writing goals were tied to research goals.” It
was important for both the early career and senior academic to achieve the writing goals as it helped with the
writing and vice versa. While writing productivity was seen as a shared goal of both the senior scholar and
the early career academic, it was the approach to, and understanding of, the larger development process to be
a senior scholar that supported the mentorship structure.
Group supports. The individual attributes of the senior scholar and early career academic are
foundational to the development of the group as a whole. Individual values combine as group values and
provided the overall development of group culture. In this study, the influence of accountability, preestablished relationship, trust and respect, and value of collaboration were found to be supportive elements
for the group as a whole.
Accountability was supported by each member allocated responsibility for an individual task within
a set deadline. The identification of specific goals was further supported by the use of action items being sent
via email to the group after each virtual writing meeting. This support “helped me prepare my own work
calendar with regard to writing times” and “helped me keep focused.” Accountability to the group also
involved openness to individual accommodations. For example, “One-size does not always fit so having
structures and support that to some degree are flexible for the people involved,” becomes an important
consideration. Being accountable to the group, yet appreciating the need to be flexible given other
commitments and responsibilities that impact the individual.
The importance of a pre-established relationship was critical for the work and the openness of the
conversations about writing. This established relationship helped affirm individual’s sense of belonging and
the “ability to have open conversations that allowed questioning and challenging of ideas and approaches.”
This also tied in with trust and respect, which influenced group in terms of collaboration and work ethic. That
is, the depth of relationship was identified as having an impact on the “sense of commitment to the
collaborative writing” and its alignment to trust, respect and work ethic expectations. Further, “the prior
established writing relationship is a big part of our group as there is already established trust and integrity of
research skills” impacted the nature of the group. For this pilot project, it was important to build on the
established relationship.
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Collaboration was evidenced as a supported group value. From this value of collaboration, individual
strengths could be used to build group strengths (e.g., “we could divide up writing in ways that supported our
strengths”) and further support the value of the individual as contributor (e.g. “ we let each other take
enjoyment in contribution”). This sense of valuing individual contribution supported the development of
collaboration and the collaborative process.
Process supports. This final theme brings together the layers of individual attributes and group
supports to suggest the ways that can be further nurtured. Elements that were identified as supportive
processes were found to include accountability process, calendar support, and supportive technologies.
Together, these supports enabled the process of the virtual writing group to take place and to assist in the
development of the group and individual goals. First, accountability processes included recording notes from
the meeting and sharing them right after the synchronous session. The notes often included short and longterm goals. This process of sharing the notes, provided guidance for what needed to be a priority for the
coming week. Second, it was important to ensure all meetings were scheduled in our online calendars.
Blocking a regular time over weeks, helped to establish a routine for the writing. In addition, knowing when
the next meeting will occur, helped to motivate a person to complete the tasks before the next synchronous
meeting. When working across time zones and personal schedules, it becomes important to carefully
negotiate when the synchronous meetings can occur so to ensure it works for all members of the group.
Third, the selection of appropriate and supportive technologies is key to the group. It was determined that
there would be regular synchronous video conferencing meetings that would be coupled together with an
online writing tool such as Google Docs to support collaborative writing and peer editing. The technology
needs to be not only supportive, but integral for achieving the goals of the virtual writing group.
Recommendations
The pilot study provided an opportunity to help inform the implementation of a larger virtual writing
group that included a maximum of six early career professors, along with a senior scholar. From the pilot
study, three recommendations are put forth. First, members of the virtual writing group need to establish for
themselves, and for the group, their goals and what they want from the group. For example, one person may
want structured support for their writing, while another may only want peer feedback. It is important for the
group to determine the goals of the group and how individual goals and expectations align. These goals and
expectations need to be reviewed occasionally to help support a help group dynamic.
Second, as more members join a virtual writing group, it is necessary to identify how accountability
will be addressed. For example, if people are working on their own writing, and not collaboratively writing, a
structure may need to be in place to help scaffold their writing process. Sharing such scaffolds and structures
may help make the work public, as well as influences the individual accountability. Another example of
accountability may come by using the tool of peer feedback. The group members may want to share sections
of their work. This anticipates an expectation that their colleagues would provide quality feedback. With this
in mind, it is important that if members share their work to gain feedback, that reciprocity occur for a mutual
agreement to provide peer feedback in return. As a group, it is important to discuss accountability and what
factors influence it.
Third, the senior scholar plays an important role in mentoring, guiding, and supporting the writing
process with early career academics. Within the virtual writing group community, conversations and actions
need to occur to help early career academics to develop their confidence and competence with scholarly
writing. Over time, there should also be a transition of the senior scholar from being the mentor to being peer
within the virtual writing group.
Directions for Future Research
Our initial work with the virtual writing group involves a three-step process. First, was to establish
the structures and process through a pilot study. Second, beginning in Summer 2018, a virtual writing group
of six early career academics and a senior scholar was formed wherein each member worked on their own
publications. A case study methodology is being used to study the experiences within and the impacts of this
virtual writing group. Third, the virtual writing group needs to be scaled up and structures need to be in place
to support sustainability within an institutional context. A longitudinal mixed methods study is to be designed
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to further explore conditions and strategies used for transitioning in developing capacity with academic
writing of early career academics over time.
Conclusion
Preparing early career scholars to be well-equipped to navigate the academic terrain, requires them
to develop their capacity to be effective academic writers. A writing group provides a forum for structure and
support for these academics. The richness of a writing group, as noted by Olszewska and Lock (2016), is that
it is “through the sharing of the work in various stages and the accompanying discourse that members
developed their capacity to be writers” (p. 143). Developing academic writing capacity through writing
groups does not need to be restricted by geographic location or time zone. Rather, the purposeful selection of
synchronous and/or asynchronous technologies can be used to create a virtual environment for hosting a
writing group. Together, members of the virtual writing group can learn with and from each other as they
continue to develop their knowledge and skills in academic writing.
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Introduction
Teachers are facing many difficulties when trying to improve the motivation, engagement, and learning
outcomes of learners in Science, Technology, Engineering, and Mathematics (STEM) subjects. The
disengagement is mainly due to the perception that scientific subjects are difficult. Both teachers and
researchers believe that learners’ disengagement from STEM area can be overcome by using interactive,
engaging, technology-based educational materials in order to support knowledge acquisition through direct
experience. Thus, technology-based teaching learning is the future of the education and has already started to
be applied at all levels, from primary school to the third level education. Teachers are using computers, pods,
and tablets in the class, to help students learn and better understand the concepts.
There has also been a strong pedagogical focus to encourage more students to adopt technologyfocused subjects over the past few years. Various innovative approaches to learning and learning environments
in STEM education that make use of technology have been researched and deployed in schools. Innovative
technology based pedagogies such as 3D interactive educational games Invalid source specified., (Muntean,
2017), flipped classroom Invalid source specified., virtual labs Invalid source specified., fabrication labs
Invalid source specified., enhanced learning experiences through augmented and virtual reality Invalid
source specified., Invalid source specified., enhanced learning using adaptive multimedia Invalid source
specified. and mulsemedia content Invalid source specified. Invalid source specified. gamification, and
personalised learning through educational content Invalid source specified., have been proposed to be used
during the class sessions or at home as extra activities. Augmented reality and virtual reality, provides an
immersive, first-hand experience through graphical simulation while animation, videos and personalization
ensures that learners understand complicated theories more easily. These technology-based learning
approaches boost learners’ engagement, confidence in STEM-related subjects, increase their interest in
complex topics and help teachers to deal with disengagement of young people from STEM.
This paper presents the recent development of the Water Cycle in Nature application, a 3D immersive
computer-based virtual reality (VR) and experimental laboratory simulation which permits students to learn
physics concepts such as vaporisation, evaporation, boiling and condensation, related to the natural event of
precipitation formation. A research study on two secondary school classes (one control and the other one
experimental) was carried out, evaluating the benefits in knowledge acquisition when interacting with the
Water Cycle in Nature application, compared with teacher-based classic approach. Among the most important
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findings include the fact that the experimental group students showed a statistically significant knowledge
improvement in the post-test scores compared to the pre-test scores, which was not observed in the control
group, where the classic teacher-based approach was employed.
The paper is organized as follows. Next section introduces the theoretical background of the study and
describes research work on innovative technologies applied in education such as Augmented Reality (AR), VR
and Virtual Labs (VL). The following section details our scientific positioning, gives an overview of the Water
Cycle in Nature application, its design methodology, followed by a description of the research methodology of
the case study and its results. Last section summarizes the paper, draws conclusions regarding the research
study performed and presents future perspectives.

Related Work
Interpreting new information in the context of where and when it occurs, and relating it to what we
already know, develop a better understanding of its relevance and meaning. Therefore, the potential of various
innovative technologies applied in education such as AR, VR and VL has been explored in recent years.
Educational studies have been performed in order to assess their effectiveness and usefulness in helping
students of various ages to better understand a multitude of topics and concepts both in a classroom and
informal settings Invalid source specified..
AR has the capability to add information or meaning to a real object by integrating contextual data to
enhance the learning process, providing 3D real models with additional explanations in order to help students
broaden their knowledge. The major benefits of applying mixed realities to educational environments consist
in providing young users with a better understanding of concepts, and the possibility of resizing and
manipulating their augmented representations. AR technology was employed in educational studies covering
various topics, including physics in Invalid source specified., where primary school children were introduced
to the concepts of force. The results of this study showed that the use of AR technology, together with an
informal play setting, led to a significant improvement in understanding the covered topics for most students.
However, the lack of a control group impeded the conclusion that this progress was due to AR or the play
setting. The physics subjects was also the part of the study investigating the efficiency of AR described in
Invalid source specified., focused on the topic of magnetic field, which employed both experimental and
control groups, where AR was not shown to have a statistically significant improvement in knowledge gain for
the experimental group compared to the control group, but it provided a higher learning motivation and
interest. Electromagnetism was also part of the study presented in Invalid source specified.. The
experimental group displayed a higher level of concentration and a higher improvement in theoretical and
visualization questions scores. AR was also shown to be more effective in promoting students’ understanding
of Electromagnetics.
The importance of AR associated with group interaction was also described in Invalid source
specified. where AR was combined with computer-supported collaborative learning to investigate its benefit
on learning science, specifically electricity. It did show benefits of employing AR, however no control group was
used in assessing the study results. Another study where AR was used in an informal setting was presented in
Invalid source specified., where elementary school children undergoing a natural science course used a
location-based AR environment, where students were investigating a nearby pond during a school field trip.
The AR technology was shown to immerse students in the learning process more compared to the conventional
learning activity. AR was also shown to provide major benefits in an informal setting focused on visitors to a
mathematics exhibition in Invalid source specified., where certain exhibits were augmented. In a similar
setting, specifically a science museum in Invalid source specified. focusing on the Bernoulli’s principle, the
same effect was noted. A much higher knowledge acquisition and understanding of the presented topic was
observed in the experimental group in both scenarios. The benefits of AR in assisting junior high-school
students in learning solid geometry were shown in Invalid source specified., especially when low academic
students were involved. The same greater knowledge improvement effect on low-achieving students was
observed in Invalid source specified. in an AR educational study focused on Chemistry. Geometry was also
one of the topics in the study presented in Invalid source specified., where AR was combined with storytelling
and gaming in order to assist learners on understanding scientific concepts such as geometry and kinetics. AR
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technology was also employed in a study on medical students, focusing on forensic medicine in Invalid source
specified. where was shown that the AR methodology displayed a greater knowledge gain and efficiency.
VR can be thought of as an immersive multimedia 3D simulation of real life by interacting with the
created environment and enabling sensorial experiences including virtual tastes, sights, smells, sounds and
touches. Carrying out laboratory experiments is an effective way to simplify and clarify the comprehension of
STEM complex theory, to understand, conceptualize and apply it. One example of a VR learning experience is
zSpace1 for education, which is designed for student-cantered learning with teachers in as facilitators. zSpace
STEM lab consists of zSpace applications that are designed in accordance with standard activities and support
materials for STEM education. Some examples of activities include mathematics activities (e.g. area of 3D
figures, surface area and volume of 3D solids), physical science, social science, life science, earth and space
science related activities.
VR has extremely wide applications across a whole range of disciplines, and the technology has
reached a sufficient level of maturity to be applied in education. Moreover, the recent hardware and software
technological developments have reduced dramatically the cost associated with the use of this technology,
making VR as an important teaching aid in a wide area of topics, such as medicine in Invalid source specified.,
Invalid source specified. and Invalid source specified., mathematics and geometry in Invalid source
specified. and Invalid source specified. and engineering in Invalid source specified. and Invalid source
specified., which also employs a VL in mechanical engineering, showing improvement in knowledge gain for
the students in the experimental group.
The authors of Invalid source specified. have defined a VL as a highly interactive multimedia
environment that involves users into a computer-generated world. It offers a simulation of the real world that
can be visually explored in a three-dimensional environment and includes sound, real-time motion and tactile
capabilities to help users gaining practical experience. A myriad of immersive techniques are combined to
support a mixer of theory and practical aspects, the simulation of experiments and to help students in achieving
practical skills. A VL also requires active user participation and provides objective feedbacks. Numerous
projects propose to develop online interactive learning environments centred on a functional laboratory that
supports collaborative problem solving and enhances students’ practical skills. One of these projects is VESLL
(Virtual Engineering Sciences Learning Lab)2 that creates a virtual version of a science museum such as the
Pacific Science Centre in Seattle or the California Science Centre in Los Angeles. VESLL enhances student
learning via multimodal pedagogical strategies, including opportunities for visualization, immediate feedback
and innovative techniques for learning evaluation. Virtlab 3 is a platform that provides a series of hands-on
experiments to be performed in a virtual chemistry laboratory. Students can build their own simulations using
electronic spreadsheets. It contains 8 chapters with experiments. Most of exercises are standalone materials
and follow a standard curriculum. DoCircuits 4 is an online virtual lab for working with circuits online.
DoCircuits delivers various types of circuits by allowing learners to work with real looking components and
devices and run, analyse and save circuits following easy steps. DoCircuits also provides a search functionality
of adding tag to the circuits. Tags add a structured view to circuits. The lab includes various types of circuits
such as: introductory circuits, advanced circuits, analogue circuits, circuit analysis, digital circuits, power
electronics, etc.

Water Cycle in Nature Application
NEWTON Project
The Water Cycle in Nature application and its initial testing for knowledge gain described in this paper
is part of the NEWTON5 project. It is one of many such applications which have been or are planned to be
employed in small or large-scale education pilots. The main purpose of the Water Cycle in Nature application is
https://zspace.com/
http://myweb.lmu.edu/saugust/VESLL/index.htm
3 http://www.virtlab.com/
4 www.docircuits.com
5 www.newtonproject.eu
1
2
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to educate students on vaporisation and condensation and their roles in the water cycle in nature and
precipitation formation. Moreover, this application includes a VL that allows students to perform experiments
illustrating condensation and vaporization phenomena.
The European NEWTON project is funded by the EU Horizon 2020 scheme and it designs, develops and
deploys innovative solutions for Technology-Enhanced Learning (TEL) involving delivery of state-of-the-art
STEM content. The NEWTON project innovative technologies involve adaptive and personalised multimedia
and multiple sensorial media (mulsemedia) delivery, Augmented and Virtual Reality (AR/VR)-enhanced
learning, Virtual Teaching and Learning Labs (VL), Fabrication Labs (Fab Labs) and Gamification. These
technologies are used in conjunction with different pedagogical approaches including self-directed, gamebased and problem-based learning methods. NEWTON project also builds an innovative learning management
platform allowing cross-European learner and teacher interaction with content and courses and supporting
fast dissemination of learning content to a wide audience in a ubiquitous manner. NEWTON project’s goal is to
make use of TEL in order to increase learner quality of experience, improve learning process and maintain or
increase learning outcome.

Application Overview
The Water Cycle in Nature application is a VL with interactive content combined with VR technology.
Traditional content integrated into the VL is explored by the learner through an immersive multimedia 3D
simulation of real life. Students learn about condensation and vaporisation processes via two scenarios: a water
cycle in nature VR interactive environment and an experimental activity into 360 degrees’ VL.

a) Nature VR Environment

b) Experimental VL Environment

Figure 3. NEWTON Project Water Cycle in Nature Application
The application is intended for primary and secondary school students with an additional benefit of
being suitable for students with special educational needs, specifically hearing impairments. It is focused on
precipitation formation and it provides definitions of various physics terms, such as vaporisation, evaporation,
boiling and condensation. The application is divided in two sections. The first part of the application is in a
nature environment, depicting a lake and forest, as seen in Figure 3 (a). The second part is in a virtual
laboratory, where physics virtual experiments are visualised in order to explain in more detail the terms
defined in the natural environment, as seen in Figure 3 (b). Students follow instructions provided as text
displayed on the screen and audio track (and, when necessary, sign language for students with hearing
impairments) in order to progress through each section of the application. To be able to visualise various
experiments and natural phenomena, students need to identify targets and locations. The displayed text and
audio track also provide educational content.
Both environments, nature VR and experimental VL, have multiple educational steps that need to be
visualised by students in order to reach the end of the application. The nature VR environment presents the
following phenomena: evaporation, condensation, precipitation and collection. Evaporation and condensation
are then presented in the experimental VL environment, where two separate experiments are carried out.
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Application Design Methodology
When developing the Water Cycle in Nature application the design methodology followed a set of steps,
similar to Invalid source specified. and Invalid source specified., which are: Specification of the pedagogical
objectives, Choice of application model, General description of scenario and virtual laboratory, Choice of
software components, Detailed description of scenario and virtual laboratory, Development of educational
content description (text and audio-track), Knowledge assessment development, Pedagogical quality control
and Application dissemination.
Specification of the pedagogical objectives: As part of the NEWTON project, applications in a wide
range of subjects were planned to be developed, such as physics, chemistry, geography, biology, etc. One of the
topics was to describe how some physics concepts observed in laboratories or at home, such as evaporation,
vaporisation, condensation, are an important part of the natural phenomena of precipitation formation. The
learning objectives for the Water Cycle in Nature application are as follows: 1) Effect of incoming solar heat on
water 2) Vaporisation description; 3) Difference between vaporisation and evaporation; 4) Effect of
temperature and surface on evaporation; 5) Definition of the boiling process; 6) Cloud formation and rain; 7)
Simulation of natural phenomena in a virtual laboratory: boiling, evaporation and condensation.
Choice of application model: The application users follow an Investigation model, as they need to
follow directions provided by the audio-track and displayed text. Only after finding the application embedded
targets and/or arrows participants are allowed to observe various phenomena or virtual laboratory
experiments.
General description of scenario and virtual laboratory: Prior developing the application an initial
scenario was designed by the project research team in order to achieve all the pedagogical objectives set at the
beginning.
Choice of software components: The development of the content was made using a 3D engine. The
main reason in selecting the 3D engine is the possibility to port the same content on several platforms. The
content developed within the project is available on Windows and Android devices. Another reason for
choosing the 3D engine was the support from community. It’s a great advantage to have multiple online
resources available at your disposal if a problem is encountered.
Detailed description of scenario and virtual laboratory: Individual scenes’ illustrations were
created in order to comply with all pedagogical objectives of the application. Mainly the learner explores
various environments in order to observe natural phenomena in VR or VL experimental settings.
Development of educational content description: The Water Cycle in Nature application has
embedded an audio-track and text displayed, both providing educational content. The text for both was
developed using pedagogical experts in order to meet the learning objectives.
Knowledge assessment development: The NEWTON project research team and its pedagogical
experts developed the knowledge pre and post-tests, in order to assess the application’s benefit learning
impact.
Pedagogical quality control: Extensive interaction with teachers was carried out during multiple
stages of application development, including the detailed description of scenario, knowledge assessment and
development of educational content text stages, in order to validate and obtain approval. Following teachers’
feedback and advice, all these elements were modified and adjusted.
Application dissemination: After completing the application, obtaining approval from teachers and
agreeing on a schedule suitable to the participating school, the Water Cycle in Nature application was provided
to students for the initial case study.

Water Cycle in Nature Application Small-scale Pilot
Evaluation Methodology
The Water Cycle in Nature small-scale NEWTON project pilot was composed of various stages. Prior to
undertaking this pilot, ethics approval was obtained from the DCU Ethics Committee and this evaluation meets
all ethics requirements. The application was developed with advice and input on educational content from
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teachers, who also chose the class most suitable for the presented educational content. All the educational
content presented to the students was reviewed and agreed with the teachers in order to make sure that it
subscribes to curriculum and meets the expected learning outcomes. Consent forms were provided to parents
and assent forms were signed by students willing to participate in this study. A description of the project and
small-scale pilot were provided in a plain language statement and the data management plan was also made
available. In terms of knowledge gain evaluation and analysis, two student groups from the same school and of
the same age were employed, specifically control and experimental groups. The control group was presented
the educational content in a classic manner by their usual teacher. The experimental group used the NEWTON
project Water Cycle in Nature application to learn about the same topic. In order to ensure the same educational
content was presented to both groups, a power point presentation was used by the control group teacher,
which matched all definitions and explanations present in the Water Cycle in Nature application.
Prior to being exposed to the learning content, a pre-test was provided to both control and
experimental groups in order to assess their knowledge of the topic. A post-test assessed students’ knowledge
gain either after their interaction with the NEWTON project application for the experimental group, or after
being exposed to the classic approach for the control group. The tests were devised with the help of
participating teachers with slight variations between the pre-test and post-test questions. Noteworthy is the
fact that both sets of questions (pre-test and post-test ones) assess the same learning outcomes.

Participants
The NEWTON project small-scale pilot employing the Water Cycle in Nature application was carried
out in the Belvedere College Secondary School from Dublin, Ireland where students of two first year classes
participated. One class was randomly assigned as the experimental group and the parallel class was assigned
to participate as the control group. The students were between 12 and 13 year old. The experimental group
had 27 students and 25 students participated in the control group. Both classes have 28 students, however one
student was absent in the experimental group and two in the control group, and one student did not receive
parents’ consent in the control group.

Data Collection
The control group was presented the educational content in a classic manner using a power-point
presentation developed by the teacher after he reviewed the NEWTON project application. For the
experimental group, the Water Cycle in Nature application was uploaded on the school server, and visualised
by students on the computer lab PCs, where each participating student had access to a PC. The experimental
group teacher supervised the lesson and assisted students in providing directions of use, which were developed
by the NEWTON project researchers. The same NEWTON project researcher was present in both control and
experimental group lessons, which ran consecutively, assisting the teacher when necessary, collecting the
paper-based knowledge tests and questionnaires. Student IDs were employed for both groups, in order to
ensure anonymization.
The knowledge pre-test contained seven questions, where four were open-ended, two were multiple
choice (one with one correct answer and one with multiple correct answer) and one True/False question. The
knowledge post-test contained eight questions, where four questions were multiple-choice, two of which with
one correct answer and two with multiple correct answers; two True/False questions and two open-ended
questions.

Results
Learning Impact
Both the experimental and control groups showed a comparable level of knowledge of the topic prior
to the NEWTON approach and classic approach lessons. The average pre-test scores for the experimental group
was 5.83 points (out of 10), slightly higher than the control group’s 5.52 points. The results of a t-test also
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confirmed no significant difference between the two groups prior the lessons, either the experimental or classic
approach, at α = 0.05 (t(50) = 0.65044, p = 0.518).
Firstly, the comparison between the experimental and control class was assessed in terms of the
number of students with improved post-test score when compared with the pre-test score. 74% (20 out of 27)
of experimental group students showed knowledge improvement after using the NEWTON project application,
whereas 48% (12 out of 25) of control group students showed improvement after the classic approach.
Secondly, the average post-test scores also showed a bigger improvement for the experimental group, with an
average of 6.7 points (out of 10), which is a 14.9% improvement compared to the pre-test average score,
compared to 5.65 points for the control group, which is a 2.36% improvement. A t-test showed statistically
significant difference between the post-test results compared to the pre-test results for the experimental group,
at α = 0.05 (t(26) = 2.865, p = 0.008). The t-test for the control group’s post-test results compared to its pretest results displayed improvement of no statistical significance, at α = 0.05 (t(24) = 0.282, p = 0.7805).
No student from the control group obtained full marks for both pre and post-test, and one student from
the experimental group obtained full marks for the post-test, with no one from that group obtaining full marks
for the pre-test. Regarding the pre-test results, a higher percentage of students from the experimental group
obtained full marks for four out of the seven pre-test questions, which were the two open-end questions and
both multiple choice questions, as seen in Table 3. An analysis of the post-test results show that the
experimental group had a higher percentage of students with full marks for five out of the eight post-test
questions, which were all four multiple choice questions and one open-end question, as seen in Table 4.

Experimental
Group
No. of
Students
with full
marks
%
0
0.00
15
55.5
6
0
0.00
14
51.8
5
4
14.8
1
12
44.4
4
13
48.1
5
22
81.4
8

Pre-test Questions

Overall Pre-test Grade
Q1 (Open-end Question)
Q2 (Open-end Question)
Q3 (Open-end Question)
Q4 (Open-end Question)
Q5 (Multiple choice question - multiple
correct answers)
Q6 (Multiple choice questions - one correct
answer)
Q7 (True/False Question)

Control Group
No. of
Students
with full
marks
0
15
1
11
3
9
8
24

Table 3. Number and percentage of students with full marks in the Pre-test
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%
0.00
60.0
0
4.00
44.0
0
12.0
0
36.0
0
32.0
0
96.0
0

Post-Test Questions

Experimental Group
No. of
%
Students
with full
marks
1
3.70
21
77.7
8
24
88.8
9
7
25.9
3
15
55.5
6
18
66.6
7
12
44.4
4
21
77.7
8
24
88.8
9

Overall Post-Test Grade
Q1 (Multiple choice questions - one correct
answer)
Q2 (Multiple choice questions - one correct
answer)
Q3 (Multiple choice question - multiple
correct answers)
Q4 (Multiple choice question - multiple
correct answers)
Q5 (Open-end Question)
Q6 (Open-end Question)
Q7 (True/False Question)
Q8 (True/False Question)

Control Group
No. of
%
Students
with full
marks
0
0.00
18
72.0
0
22
88.0
0
2
8.00
4
19
10
20
25

16.0
0
76.0
0
40.0
0
80.0
0
100

Table 4. Number and percentage of students with full marks in the Post-test questions
Post-test Average points subgroup
7 to 10 points
5 to 7 points
0 to 5 points

Experimental Group
No. of Students
%
17
4
6

62.96
14.81
22.22

Control Group
No. of
%
Students
6
24
12
48
7
28

Table 5. Number and percentage of experimental and control group students with post-test average grades in three
sub-groups: above 7 points, between 5 and 7 points, and below 5 points.

Pre-test Average points subgroup
7 to 10 points
5 to 7 points
0 to 5 points

Experimental Group
No. of Students
%
8
13
6

29.63
48.15
22.22

Control Group
No. of
%
Students
7
28
9
36
9
36

Table 6. Number and percentage of experimental and control group students with pre-test
average grades in three sub-groups: above 7 points, between 5 and 7 points, and below 5
points.
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When comparing the average post-test grades between the two groups, it is observed that a much higher
percentage of students in the experimental group achieved grades higher than 7 points (out if maximum 10),
at approximately 63%, compared to 24% for the control group. 48% of control group students achieved grades
between 5 and 7 points and 28% of students from this group had grades below 5 points. Whereas the
experimental group had around 22% of students in the lowest points post-test sub-group and approximately
15% of students were in the middle point group, as displayed in Table 5. If comparing this to their pre-test
results, displayed in Table 6, it is observed that the biggest jump is for the experimental group, where over
33% of students moved from the 5 to 7 points sub-group to the 7 to 10 points sub-group, whereas in the control
group, the number of students in the highest points sub-group decreased by 4% and the number of students in
the middle points sub-group showed the biggest improvement for the control group, of 12%.

Conclusions
The small-scale educational pilot described in this paper investigates the benefit of the NEWTON
project Water Cycle in Nature computer-based virtual laboratory simulation in knowledge gain. A description
of the application and its educational content focusing on natural phenomena regrading precipitation
formation, such as vaporisation, evaporation and condensation, are provided. A small-scale pilot was
conducted in Belvedere College, a secondary school located in Dublin, Ireland. Two classes of students took
part in the case study, one class exposed to the NEWTON project application as the experimental group and the
other class as the control group, where the classic teacher-based approach was used. 27 students were part of
the experimental group and 25 students were part of the control group. Both participating groups where
provided knowledge tests before and after the lessons, teacher-based or computer-based, in order to assess
the learning outcomes for each teaching approach. After the post-tests were analysed, it was shown that the
use of the computer-based application during the experimental group lesson showed a statistically significant
knowledge gain compared to the pre-test evaluation. The control group did achieve learning improvement;
however, it was of no statistical significance compared to their pre-lesson knowledge. It was also noticed that
in the experimental group the biggest jump of 9 students, or 33.33%, was from the mid-grade pre-test subgroup (5 to 7 points out of 10) to the high-grade post-test sub-group (7 to 10 points out of 10), whereas in the
control group the biggest improvement was observed in the mid-grade range, of 3 students, or 12%. The Water
Cycle in Nature application is scheduled to be part of a large-scale pilot in various European countries (Ireland,
Slovakia and Romania) as part of the Earth Science course Invalid source specified. that will be provided to
students using multiple NEWTON project technologies.
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Introduction
Cyberbullying is defined as the electronic posting of mean-spirited messages about a person (such as a
student) often done anonymously (Merriam-Webster, 2017). Most of the investigations of cyberbullying have
been conducted with students in elementary, middle and high school, aged from 9 to 18 years old, and have
focused on examining the prevalence and frequency of cyberbullying. A gap in the literature exists among
undergraduate students. Given their relationship and access to technology, it is likely that cyberbullying
occurs frequently among undergraduate students. The purpose of this study is to examine the frequency and
media used to perpetrate cyberbullying, as well as the relationship that it has with the academic, social and
emotional development of undergraduate students.
Undergraduate students use the Internet for a wide variety of purposes, including recreation, such as
communicating in online groups or playing games; academics, such as doing assignments, researching
scholarships or completing online applications; and practical, such as preparing for job interviews by
researching companies. Students also use the Internet for social communication with increasing frequency.
The cyberbullying literature suggests that the victims generally manifest psychological problems such as
depression, loneliness, low self-esteem, school phobias and social anxiety (Grene, 2003; Juvonen, Graham, &
Shuster, 2003). Moreover, research findings have shown that cyberbullying causes emotional and
physiological damage to defenceless victims (Akbulut, Sahin, & Eristi, 2010) as well as psychosocial
difficulties including behavior problems, drinking alcohol, smoking, depression, and low commitment to
academics (Ybarra & Mitchell, 2007).
Victims of cyberbullying, under great emotional stress, are unable to concentrate on their studies, and thus
their academic progress is adversely affected (Faryadi, 2011). Since the victims are often hurt psychologically,
the depressive effect of cyberbullying prevents students from excelling in their studies (Faryadi, 2011). The
overall presence of cyberbullying victimization among undergraduate college students was found to be
significantly related to the experience of anxiety, depression, substance abuse, low self-esteem, interpersonal
problems, family tensions and academic underperformance (Beebe, 2010).

Method
In the current research, 638 Israeli and 102 Americans undergraduate students participated. The sample was
76% female; 70% single; 51% Jewish, 27% Muslim, 7% Druze, 15% Christian; sexual orientation – 71%
straight women, 23.5% straight men, 4% bisexual, 1% lesbians, 0.5% gay males (note: according to the
Williams Institute approximately 4% of the population in the US are LGBT, [Gates, 2011], while 6% of the EU
population are LGBT, [Dalia, 2016]).
Two instruments were used to collect data: The Revised Cyber Bullying Survey (RCBS), with a Cronbach’s
alpha ranging from .74 to .91 (Kowalski & Limber, 2007), designed to measure incidence, frequency and
medium used to perpetrate cyberbullying. The survey is a 32-item questionnaire. The frequency is
investigated on 5-item scale: from ‘it has never happened to me’, to ‘several times a week’, through five
different media: email, instant messaging, chat room, text messaging and social network sites. Each medium is
examined with the same six questions related to cases of cyberbullying. The College Adjustment Scales (CAS)
(Anton & Reed, 1991), which evaluate the academic, social, and emotional development of college students,
were employed (they were standardized and validated for use with college students). The validity for each
subscale ranges from .64 to .80, noting high correlations among scales. Reliability of the scales ranges from
.80 to .92, with a mean of .86. The instrument includes 128 items, divided into 10 scales, based on a four-point
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Likert scale: Anxiety, Depression, Suicidal Ideation, Substance Abuse, Self-esteem Problems, Interpersonal
Problems, Family Problems, Academic Problems, Career Problems, Regular Activities.
Participants also responded to a demographic questionnaire that included personal and background
information like gender, birth year, academic institution, marital status, ethnicity, and sexual orientation. As
sexual orientation is a major cause for bullying (Pollock, 2006; Cahill, & Makadon, 2014), it was included in
the background information.
Convenience sampling and purposive sampling were used for this study. Surveys with written instructions
were administered in classrooms, libraries and online via Google Docs at the end of the semester.

Findings
Participants reported that they were cyberbullied at least once or twice through: instant messaging (IM)
(30.3%), social network sites (28.9%), text messaging (SMS) (28.6%) and email (25.4%), while the chat was
the medium with the fewest reported episodes of cyberbullying (15.2%). Of the students, 65.3% experienced
cyberbullying by: a brother or sister (1.7%), a friend (9.9%), a student (7.3%), a current or former boyfriend
or girlfriend (5.0%), a stranger (34.7%) or someone else (6.7%).
Significant difference was found between male and female students in regard to the following variables:
Depression (p < 0.01, t(732,0.95) = 3.04; women: M = 53.47; men: M = 51.05), Interpersonal Problems (p < 0.01,
t(731,0.95) = 2.59; women: M = 52.74; men: M = 50.59), Self-esteem Problems (p < 0.001, t(732,0.95) = 3.68; women:
M = 50.23; men: M = 47.20) and Suicidal Ideation (p < 0.05, t(731,0.95) = 2.48; women: M = 52.04; men: M =
50.06). See table 1.

Table 1. Results of independent t-test for research variables by gender
M
SD
t
Male
51.0
8.69
5
Depression
3.04**
Female 53.4
9.35
7
Male
50.5
8.01
9
Interpersonal Problems
2.59**
Female 52.7
8.46
4
Male
47.2
9.78
0
Self-Esteem Problems
3.68***
Female 50.2
9.26
3
Male
50.0
8.78
6
Suicidal Ideation
2.44*
Female 52.0
9.60
4
Note: n male = 177, n female = 562, *p < .05, **p < .01, ***p < .001
A one-way ANOVA for research variables by age showed significant difference between age groups in regard
to the variable Suicidal Ideation (p < 0.06, F(2,5815) = 3.84; age group 20–25: M = 55.45; age group 31–35: M =
49.71; and age group 30–26: M = 50.13).
Significant difference was found between observant and secular persons in regard to the variables
Depression (p < 0.05, t(733,0.95) = 2.14; observant: M = 53.56; secular: M = 52.10) and Suicidal Ideation (p <
0.01, t(732,0.95) = 3.74; observant: M = 52.77; secular: M = 50.16). See table 2.
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Table 2. Results of independent t-test for research variables by level of religiosity
M
SD
t
Religious
53.5
9.24
6
Depression
2.14*
Secular
52.1
9.20
0
Religious
52.7
9.84
7
Suicidal Ideation
3.75**
Secular
50.1
8.77
6
Note: nreligious = 404, nsecular = 336, *p < .05, **p < .01, ***p < .001
An independent t-test between the CAS variables and sexual orientations shows a significant difference
between heterosexuals and ‘non-heterosexuals’ such as Anxiety (p < 0.001, t(728,0.95) = 16.4), Depression (p <
0.05, t(723,0.95) = 2.55), Family Problems (p < 0.001, t(726,0.95) = 3.37), Interpersonal Problems (p < 0.05, t(727,0.95) =
3.35), Self-esteem Problems (p < 0.05, t(727,0.95) = 2.39), Substance Abuse (p < 0.001, t(727,0.95) = 4.20) and
Suicidal Ideation (p < 0.001, t(727,0.95) = 5.61.), are higher among ‘non-heterosexuals’ (table 3).

Table 3. Results of independent t-test for research variables by sexual orientation
M
SD
t
Heterosexual 50.4
8.19
8
Anxiety
2.55*
Other
54.3
9.89
3
Heterosexual 52.4 10.5
7
5
Depression
4.16***
Other
58.3
9.05
1
Heterosexual 44.7 11.0
2
2
Family Problems
3.73***
Other
51.0 12.1
9
3
Heterosexual 52.0
8.21
0
Interpersonal Problems
2.35*
Other
55.0
9.52
0
Heterosexual 49.2
9.44
9
Self-esteem Problems
2.39*
Other
52.7
9.62
8
Heterosexual 49.3
8.25
7
Substance Abuse
4.20***
Other
54.8 10.3
0
2
Heterosexual 51.0
Suicidal Ideation
9.19
5.61***
6
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M
SD
Other
59.0 10.3
7
8
Note: nheterosexual = 690, nother = 45, *p < .05, **p < .01, ***p < .001

t

Pearson correlation of cyberbullying with the CAS variables can be seen in table 4.

Table 4: Pearson correlation of cyberbullying with CAS variables
Cyberbullying
Mail
IM
Chat
CAS Variables
0.0151. Career Problems
0.084*
0.023
2. Depression
0.047
0.163*** 0.092*
3. Self-Esteem
0.023
0.195*** 0.112**
4. Anxiety
0.056
0.217*** 0.087*
5. Academic Problems
0.015
0.168*** 0.102**
6. Suicidal Ideation
0.115**
0.199*** 0.168***
***
7. Substance Abuse
0.137
0.202*** 0.168***
8. Interpersonal Problems
0.027
0.111**
0.075*
***
***
9. Family Problems
0.184
0.231
0.119**
10. Regular Activities
-0.071~
-0.014
0.000
Note: n = 740, ~p < .06, *p < .05, **p < .01, ***p < .001

SMS
0.056
0.090*
0.157***
0.157***
0.111**
0.081*
0.174***
0.016
0.178**
0.014

Social
Network
0.039
0.144***
0.181***
0.190***
0.139***
0.137***
0.186***
0.076*
0.209***
0.045

A regression on the effect of cyberbullying variables on the CAS variables shows that cyberbullying by IM
affects, to varying degrees, family problems, suicidal ideation, academic problems, anxiety, and depression
(see figure 1).
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Figure 4: The influence of cyberbullying in college variables on the CAS variables
Career
Problems
SelfEsteem
explained % of the
model is 19.5%
(F(13,288)=5.36, p<.001)

Depression

explained % of the
model is 8.5% (F(13,288)
=2.06, p<.05)

Anxiety

Cyber Bullying
by Mail

β= 0.221*
β= 0.300**
β= 0.346***

explained % of the
model is 9.3% (F(13,288)
=2.28, p<.01)

Academic
Problems
β= 0.215**

explained % of the
model is 30.9%
(F(13,288) =9.90, p<.001)

Suicidal
Ideation

explained % of the
model is 15.5%
(F(13,288) =4.05, p<.001)

Family
Problems

Cyber Bullying
by IM

β= -0.147*
Cyber Bullying
by Chat

β= 0.213*

Cyber Bullying
by SMS

Interperso
nal
Problems
Substance
Abuse

Cyber Bullying
by Social Network

Regular
Activities

Discussion
Cyberbullying exists in universities and colleges, and it has an influence on the academic, social, and
emotional development of undergraduate students. Sixty-five percent of the students who participated in this
study had experienced cyberbullying at least once. Considering the effect of such an encounter on the
academic, social and emotional development of undergraduate students, there’s room for great concern on
the part of academic policy makers.
Instant messaging (IM) was found to be the most common means of cyberbullying among undergraduate
students. Results indicate that cyberbullying by IM has an influence on academic, family, and emotional
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problems (depression and anxiety and Suicidal Ideation) of undergraduate students. A possible interpretation
of the higher frequency of cyberbullying through IM may be that young adults want to be always connected,
and this medium allows for being online in ‘real time’ with many peers or groups, but the possibility to
remain anonymous (by creating an avatar – a fake profile) and the possibility of exposing private information
that remains recorded turn them into easy targets for cyberbullying. IM apps such as WhatsApp are
extremely popular as they allow messages, photos, videos, and recordings to be shared and spread widely and
in real time.
Students use the Internet as a medium and use it with great frequency in their everyday lives. As increasingly
aspects of students’ lives are conducted online, and with the knowledge that excessive use may have
consequences for them, it is important to study the phenomenon of cyberbullying more deeply.
Finally, cyberbullying is not only an adolescent issue; therefore, given that studies of cyberbullying among
undergraduate students are not fully developed although its existence has been proven, this particular
population needs special attention in future research.
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Mathematics in the elementary grades serves as a foundation for critical skills in secondary math. Children’s
early math experiences have a long term effect on their math performance and success in later years (Geary,
2011; Geary, Hoard, Nugent, & Bailey, 2012, 2013). Digital games can provide an important avenue for positive
math experiences in the early grades. A recent meta-analysis shows that digital games significantly enhance
children’s learning when compared with non-game conditions (Clark, Tanner-Smith, & Killingsworth, 2016).
Digital games can promote mathematical flow, a state of completely focused motivation, which impacts learning
by mediating enjoyment and performance (Pavlas, 2010). Research is lacking on how teachers can best use
digital games to support math instruction and performance in classrooms.
The use of digital games for instruction in K-12 schools is evolving rapidly. There is a need for groundbreaking
work on how to use digital games effectively and what design features in the games promote their effectiveness.
In a national survey of the use of digital games in the classroom conducted by the Joan Ganz Cooney Center
(Jhee, 2014), 55% of teachers reported that they have children play digital games in their classrooms weekly
(9% every day, 23% two-to-four days per week, and 23% one day per week). Because of the prolific use of
digital games during instruction, it is important to better understand design features within the games.

Purpose
Recent research on digital games for mathematics learning has shown that they can be powerful learning tools
(VanEck, 2015). While many studies, and a recent meta-analysis (Clark et al., 2016), highlight the positive
benefits of digital games for learning, there is still much to be learned about how children interact with digital
math games and the key role of design features in the affordances of those games. The purpose of this research
project was to examine the nature of mathematics learning when children interact with digital games, and to
focus specifically on examining the key role of design features in the affordances provided during those
interactions. The results of this study will inform classroom teachers on the effective use of digital games for
mathematics instruction.

Theoretical Perspective
Affordances are defined by Burlamaqui and Dong (2014) as “cues of the potential uses of an artefact by an agent
in a given environment” and refer to possibilities that the agent has for action (p. 13). An example of affordances
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can be seen in the Motion Math Bounce app in Table 1 which contains fractions on a number line, an arrow
pointing to the line, and a fraction in a bubble, affording simultaneous linking among multiple representations.
Each design feature within the app provides potential affordances for the user. Gibson (1986) noted that
affordances may support the user (e.g., “some offerings of the environment are beneficial”) and he also noted
that affordances may hinder the user (e.g., “some are injurious”) (p. 137). Whether or not the user benefits from
or is hindered by an affordance can depend on whether or not the user perceives what the app affords. For
example, Gibson (1986) initially wrote the following about affordances: “The observer may or may not perceive
or attend to the affordance, … but the affordance, being invariant, is always there to be perceived” (p. 138-139).
Clark et al.’s (2016) meta-analysis highlights the key role of design in what digital games afford for learners.
For example, their moderation analyses examined game mechanics – such as points, badges, and the variety of
game actions in which the player is engaged, and visual and narrative characteristics – such as visual realism,
anthropomorphism, and camera perspective. Each digital game is filled with an abundance of different design
features, which, when experienced by the learner, may or may not lead to mathematics learning. The
combination of these design features determines what the digital game affords the learner. When children
interact with math-focused digital games, the mathematics objects on the screen may become a representation
for manipulation by the child, thereby supporting their cognitive restructuring (i.e., affording cognitive activity)
(Piaget, 1946/1970).

Methods
This study used a convergent mixed method design (Creswell & Plano Clark, 2011; Teddlie & Tashakkori,
2006), gathering quantitative and qualitative data and merging the data using complementary techniques. The
rationale for the convergent design was that researchers wanted to obtain complementary data to better
understand the research problem and then merge the two sets of results together into an overall interpretation.
The quantitative data analysis focused on documenting changes in children’s math proficiency on 24
mathematics test items. The qualitative data analysis focused on examining videos of children’s interactions
with the digital math games, as well as children’s responses to questions about their interactions with the
digital math games, which provided in-depth information about what the design features of the digital games
afforded during game play. An exploratory design was most appropriate for this work because there is still
much to be learned about digital games and the design features that mediate the effectiveness of their use.
We investigated the following overarching research question: What is the role of design features in the
affordances of digital math games? To answer this question, we examined two sub-questions. Research
Question #1 was: How do interactions with digital math games impact children’s proficiency on mathematical
tasks? This question focused on the collection and analysis of quantitative pretest and posttest data. Research
Question #2 was: What is children’s awareness of design features in the digital math games? This question
focused on a qualitative analysis of videos to identify app design features and what those features afforded
during children’s interactions with the apps.
Participants
A total of 193 children, ages 8-12, participated in the study. The children were recruited from local
elementary/middle schools in four grade-specific groups: Grade 3 (N=46), Grade 4 (N=44), Grade 5 (N=52),
and Grade 6 (N=51). Each grade-specific group was assigned to one of four experiments.
Procedures
Each child participated in one 60-minute structured clinical interview. The interview began with children
completing a written pretest. Next the children played three age-appropriate digital math games on an iPad.
Because the primary focus of the overarching research question was on the role of affordances, the research
team selected digital games with reported positive results in prior studies so that the focus of the research was
on design features and app affordances. (See Table 1 for screen shots of the 12 apps.) After playing each game,
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interviewers asked the children questions about their interactions with each game. The interview concluded
with children completing a written posttest. Researchers videotaped the children as they played each digital
game and as they responded to the interviewers’ questions. The clinical interview rooms where this study was
conducted are equipped with wall-mounted cameras to capture video of the interviews from approximately six
feet away from the child (see Figure 1). Each child also wore a GoPro camera during the interview that captured
video of the iPad and the child’s hands interacting with the digital games from six inches away (see Figure 2).
Data Sources & Analysis
There were two data sources used to answer the research questions: pretests/posttests and videos. The
analysis used in this project was unique and represents an important advance in understanding the
relationships among several variables in the use of digital games for math instruction.
To answer Research Question #1, which focused on how interactions with the digital math games impacted
children’s proficiency, researchers created pretests and posttests specific to the grade, the digital math game,
and the math topic in each game to assess changes in children’s proficiency before and after their interactions
with the games. Each grade-specific test contained 24 questions that focused on 4 different math topics, with 6
questions per topic. Three of the mathematics topics for each grade were aligned with the focus of the three
digital games for each grade. The fourth mathematics topic was not a focus within any of the digital games for
that grade (to act as a control). For this analysis, we created line graphs of the pretest and posttest results and
ran a regression analysis.
To answer Research Question #2, which focused on children’s awareness of design features in the digital math
games, researchers analyzed the video data from the interviews that was recorded during game play when
children were interacting with the digital games, and after game play, when children were answering questions
about their experiences. Researchers used open coding and recorded notes on pivot tables to organize the data.
Open coding led to four main categories for the analysis: Awareness, Helping Features, Hindering Features, and
Math Connections. For each grade level, researchers developed coding protocols to focus on these categories.
Researchers trained members of the research team as coders so that 10% of the videos were double-coded
(Corbin & Strauss, 2014; Schubert, 2009). Research team members have had extensive experience with the
development of coding protocols and with coding video data in previous projects (Baker et al., 2018; Bullock,
Shumway, Watts, & Moyer-Packenham, 2017; Moyer-Packenham et al., 2015; Moyer-Packenham et al., 2016;
Watts et al., 2016). In the final analysis, the quantitative and qualitative results were merged to answer the
overarching research question on the role of design features in the affordances of the digital math games
(Creswell & Plano Clark, 2011).

Results
The results of the quantitative analysis, comparing the pretest and posttest data, showed that children’s
proficiency improved across most math topics in each of the grade-level groups (11 of 12 apps). Figure 3
presents an overview of the quantitative results showing each app in each grade level, along with the results
for the control test items. Overall, children showed significant growth between the pretest and posttest for the
division, geometry and fraction apps (Exp.1); angles, decimals and fractions (Exp.2); map coordinates, place
value and geometry (Exp.3); and graph coordinates and percentages (Exp.4). The two-tailed paired-samples ttests showed that students made statistically significant improvements on 9 of the 12 digital games (7 of 12
were significant at the p < 0.01 level). These results were anticipated because the apps selected for this study
had been identified as high quality apps with proven positive learning outcomes in prior research. As the line
graphs show, the control test items showed small (Exp.1, 3, and 4) to no improvements (Exp.2). Some of this
improvement may be attributed to children’s development of new mathematical relationships and connections
within the digital games that transferred to math topics in the control test items.
The results of the qualitative analysis showed that a variety of design features, aligned with those described in
Clark et al.’s (2016) meta-analysis on digital games, contributed to the affordances of the digital games used by
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the children in this study. Videos revealed the identification of children’s strategy use, identification of the
mathematics in the app, and connections between representations as important contributors to success on the
posttest. When apps contained a variety of game mechanics designed for motivation, such as engaging sounds
or attention-grabbing animations, some children reported that these features were distracting, commenting
that “the music went on and on” or that the character animations caught their attention more than the features
intended to help them learn the mathematics. In addition, there were disconnects between the gaming
characteristics and the mathematics in the apps. For example, some of the strategies children used (e.g., trial
and error, guessing, colors, starting location) were not related to learning the mathematics. When children
were able to recognize and connect their in-app experiences and strategies toward the mathematics, they were
much more successful on the posttest.
Some design features were helpful to some children but hindering to others. For example, some children liked
the game animations, while others commented that they were confused by them. Some children enjoyed racing
against a timer, while other children asked to turn off the timer because it caused them to feel pressured to
finish too quickly. Some children liked knowing their score, while other children said they did not even notice
the scoring in the game. It is interesting to note that the same design feature could be beneficial or could be
distracting depending on the child. When the design feature was helpful, this affected children positively in
accomplishing the mathematics in the game.
An important category of affordances that has been shown to produce positive outcomes for children using
apps is simultaneous linking (Moyer-Packenham & Westenskow, 2016). In experiment 3, simultaneous linking
emerged as an app design feature that affected children’s learning outcomes. For example, in the Dragon Box
Elements app, children create a shape and words appear on the screen with the mathematical name of the
shape (i.e., triangle, isosceles triangle, equilateral triangle). This is an example of simultaneous linking because
the app links two mathematical representations (i.e., pictorial shape and written name). Children who used the
guidebook (which showed children that a triangle can have more than one name) and chose the correct naming
strategy, made links between the creation of the shapes and the shape names, which improved their
performance on the posttest. In experiment 4, children also recognized the simultaneous linking design
features in two of the three apps. Their comments and responses to the interviewer indicated how helpful the
two representations of the coordinate pairs were in the Grid Lines app, which helped them to make
mathematical connections.
Another game mechanic characteristic noted in Clark et al. (2016) is scaffolding. An example of this feature is
in the Math Planet Place Value app where rounding tasks allow children to tap on the far right place value to
get the correct answer. In the example shown in Table 1, children could click on the arrows above the number
6 until the app displayed the correct answer of “7.20.” However, some tasks required the child to round to a
place value that was not second from the right (e.g., round 38.8 to the nearest tens place rather than the ones
place). Children who encountered this task and figured out why this task rounded to a place other than second
from the right were more likely to increase their posttest scores. In contrast, children who continued to tap the
arrow above the digit in the far right place value (incrementing by a small power of ten) until the game
identified a correct answer, or randomly tapped arrows until the game brought up a new question, were not as
likely to increase their posttest scores. Children who skipped this process of rounding from a different place
essentially skipped learning an important mathematical idea.

Discussion
The results highlight the many affordances of the digital math games used in this study. This discussion focuses
on the design features in the game environments, the mathematics in the games, and the balance between the
two.
A major component of a digital math game is the design features in the game’s environment that offer the
affordances of the game. These features include themes, backgrounds, animations, sounds, and timers which
provide affordances that link the mathematics, motivate, and entertain. The children in this study recognized
many of the design features and commented on them while playing the games and when answering questions
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about the games. This recognition allowed children to take advantage of the affordances of each of the digital
games. The design features of the game environment can integrate the mathematics, can be in the background
and neutral to game play, or can be a distraction. For example, the game theme may immerse the learner in the
game and consequently help the child to learn the mathematics; therefore, it can have affordances that support
the mathematics learning.
The results of this study showed that children were clearly aware of and could identify the mathematics they
were learning across all of the experiments. Because children were able to identify the mathematics, with a
good degree of specificity for many of the games, the children may have been able to access affordances
provided by the design features intended to further develop their understanding of the mathematics. When the
affordances of digital games provide children with access to the mathematics through features that focus and
scaffold children’s connections with the mathematical concepts, children can successfully learn the
mathematics. Children seemed to recognize that they were learning mathematics in the games, and they also
noted when the game was “obviously” teaching them mathematics, and when the mathematics was more
embedded in the game and surrounded by a plot or animated characters.
Many of the games used in this study had a good balance between the design features which promoted the
gaming environment and design features which promoted the mathematics. The affordances of these games
allowed children to learn mathematics concepts while also engaging in enjoyable gameplay. This balance
required children to learn game strategies at the same time as they were learning more about the mathematics
topics in the games. Our study showed many positive results for children’s learning in these high quality games.
Other researchers (Pavlas, 2010) have reported positive medium effects on learning when design features in
games include this challenge and skill balance in the game. When games provide affordances that include an
introduction, tutorial, helps and hints, there is a delicate balance in how much information to tell children. Too
little information can cause children to be unable to complete the task, whereas too much information can limit
children’s efforts to discover strategies and make connections with the mathematics learning goals (Dabbagh,
2003; González‐Calero et al., 2015).

Conclusion
This study contributes to the limited research on the role of design features in the affordances of digital math
games. The results have important implications for classroom teachers on the effective use of digital games for
mathematics instruction. Because of the expanding use of digital games in classrooms, it is important to
understand more about how design features provide helping or hindering experiences that contribute to
learning. In-depth video studies, such as this one, are significant to the field because they highlight individual
children’s experiences with the apps, providing insights on how affordances relate to learning outcomes.
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Figure 1. Wall-mounted camera view

Figure 2. GoPro camera view

Figure 3. Line Graphs of Pretest and Posttest Results
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Table 1
Digital Game Apps Selected for Each Grade Level aligned with the Common Core State Standards for Math
(National Governors Association Center for Best Practices, 2010)
Experiment 1: Grade 3
Montessori Division Board
Motion Math Bounce
Dragon Box Elements

Represent and solve division
problems (3.OA.A)

Place fraction on number line
(3.NF.A.2)
Experiment 2: Grade 4
Motion Math Zoom

Recognize triangles &
quadrilaterals (3.G.A.1)

Locate decimals on number line
(4.NF.C.6)
Experiment 3: Grade 5
Math Planet Place Value

Represent equivalent fractions
(4.NF.A)

Identify coordinates in first
quadrant (5.G.A.2)

Grid Lines: Ordered Pairs

Round decimals to any place
(5.NBT.A.4)
Experiment 4: Grade 6
Motion Math Hungry Fish

Graph coordinates in all quadrants
(6.NS.C.8)

Add and subtract rational numbers
(7.NS.A.1)

Find percent of quantity
(6.RPA.3.C)

Angle Asteroids

Angle measure by angle turn of n
degrees (4.MD.C.5.b)
Dragon Box Elements

Classify triangles based on
properties (5.G.B.4)
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Chicken Coop Painter

Co-Ordinates Map Maker

Smart Pirate Percents
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Introduction
In recent years there has been increased attention to stude the potential of bodily activity to
strengthen memories and enhance learning in math and science (e.g Goldin-Meadow, Cook, & Mitchell 2009;
Han&Black 2011; Kontra, Lyons, Fischer, & Beilock 2015). Bodily learning is an emerging multidimensional
conception of learning, according to which learning occurs within one’s entire body and in the social and
physical reality between people. In bodily learning, physical activity is an essential part of the learning
process, and attention focuses on bodily experiences and sensations as well as reflecting on them (Anttila
2013: Katz 2013). Kontra, Lyons, Discher and Beilock (2015) state that the idea of the body as an integral part
of human thinking is also gradually taken into account in the research that focuses on learning in the natural
sciences, and that people are starting to understand that physical activity can promote learning (Han&Black
2011; Kontra, Lyons, Fischer, & Beilock 2015). In this article, we use the term bodily methods as an umbrella
concept. It encompasses a number of working and teaching methods based on physical activity and action, in
which body movement and physical activity are utilised in learning. Besides adding a physically active
element to instruction, the aim is for the bodily experience and emotion involved in the learning process to
reinforce the emerging memory trace (Moilanen & Salakka 2016).
The development of bodily pedagogical methods is connected to various challenges present in young
people’s daily lives. First, recent research has highlighted concerns about the physically inactive lifestyle of
Finnish school-aged adolescents (Kannas 2015; Tammelin, Kallio, Rajala, Hakonen & Laine 2013; THL 2017).
Second, according to the results of education evaluation surveys (e.g. PISA 2015), Finnish pupils’ attitudes
towards school have become more negative, and many of them experience a lack of school motivation (OECD
2017). The amount of pupils who like going to school has decreased by 3.6 percent from 2015 to 2017, and a
larger part of them currently have difficulties in following instruction (THL 2017). Even though Finnish
children continue to perform well in PISA (Programme for International Student Assessment) tests, their
school enjoyment is low compared with several other countries (PISA 2015). Third, especially Finnish boys’
lowered performance in science in the 2015 PISA tests raises the question of whether the prevailing teaching
methods are suitable for stimulating, in particular, boys’ motivation and interest in studying natural sciences.
The still relatively commonly used teaching methods often make pupils passive, sedentary recipients of
instruction. This role does not necessarily promote pupils’ interest in the subject or help them acquire the
knowledge and skills they need in the future world of work – in particular, creativity, empathy, teamwork and
ICT skills (Griffin et al. 2012). Finland’s new national core curriculum actually aims at responding to the
challenges that have been faced in teaching, such as the lack of connections between subjects and the
fragmented nature of the content.
Shams and Seitz (2008) emphasise that the use of different sensory channels as well as physical
activity could make learning more experiential, enhance learning motivation and increase deep learning (see
also Finnish National Board of Education FNBE 2014). The aim of the new national core curriculum for basic
education is also to increase experiential and activity-based working methods (FNBE 2014). New kinds of
learning experiences can be offered by taking instruction out of the classroom to so-called extended learning
environments, in which new ICT solutions are also utilised in order to promote and support learning. In the
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core curriculum for basic education (FNBE 2014, 27–30), the aim is also to integrate the knowledge of
different subjects into larger entities. For instance, physical activity, dance and the methods of drama could
be integrated into school days as natural parts of any subject.
Tammelin et al. (2013) find that schools have optimal opportunities to promote physical activity in all
adolescents because they reach all school-aged young people. One of the objectives of the Ministry of
Education and Culture in its ‘Finnish Schools on the Move’ action programme is to convince secondary school
subject teachers about the benefits of increasing physical activity during classes (Prime Minister’s Office
2015). The programme has already achieved positive changes in pupils’ physical activity through, for
example, physically active breaks and commuting (Tammelin et al. 2015). In past years, various research
results have been published on the benefits of physical activity for learning (Mullender-Wijnsma et al. 2016;
Kibbe et al. 2016; Watson et al. 2017). However, the use of physical activity or bodily learning in subject
teaching has been studied less (Kantomaa, Syväoja & Tammelin 2013). No research has been conducted in
Finland on the added value of bodily teaching methods for learning in science classes.
This article examines the results of a physics teaching experiment implemented with year seven pupils
at a comprehensive school in Central Finland from 2016 to 2017. Comprehensive school physics and
particularly mechanics phenomena were taught in the experiment through a bodily approach, dance. In lower
secondary school physics, the mechanics section deals with phenomena such as motion, acceleration, force,
friction, centre of gravity and equilibrium. These phenomena can be taught so that pupils experience them
personally through their own body. Our aim was to to develop new bodily learning methods to study physics
and to explore how pupils experience a new way of studying physics. The study compared how pupils who
liked physics and those who disliked it experienced the workshop and the bodily teaching methods.
Furthermore, a methodological objective was to examine how pupils can be grouped into different
subcategories by unsupervised machine learning based on their answers regarding the things learned in the
workshop and the attitudes they expressed towards the workshop.

The benefits of bodily learning
A clear connection has been observed between the use of our body and cognitive brain function (e.g
Schmahmann 1997; Desmond, Gabrielli, Wagner, Ginier, & Glover, G 1997; Mehta, Shortz, & Benden 2015;
Oppezzo, M, &Schwartz 2014). Increased physical activity in class is considered to improve pupils’ learning
outcomes, and it is also seen as promoting attention and cognitive control, which contribute to learning (e.g
Watson, Timperio, Brown, Best & Hesketh 2017; Hillman, Pontifex, Raine, Castelli, Hall, & Kramer 2009; Ma,
Le Mare, & Gurd 2014). Kantomaa et al. (2013) emphasise that physical activity has positive effects on brain
structure and function, which means that a physically active child has better readiness for learning. To some
extent, the effects of physical activity on self-esteem, school enjoyment and social interaction may also
explain its positive impact on learning (Kantomaa et al. 2013).
When our body or body memory is involved in the learning process, we can also talk about a
kinaesthetic learning style (Kuzcala 2013). The use of the body has been observed to have various benefits for
learning. In earlier studies, dance has been integrated into mathematics, physics and language instruction,
among other subjects (e.g. Posner & Patoine 2009; Paulson 2012; Moore & Linder 2012, Westreich 1999).
Posner and Patoine (2009) demonstrated that through dance pupils were able to form new kinds of
connections between the things to be learned, which typically improves pupils’ motivation and attention
towards the studied phenomenon. In addition, dance activates pupils’ brains in various ways, and the
emotions involved in the bodily learning process facilitate learning (Paulson 2012). Leonard (2012)
investigated how pupils created meanings for bodily experiences and observed that dance has a positive
impact on the development of higher-level reasoning skills.
The benefits of bodily methods have also been perceived in mathematics and science. Integrating
dance into mathematics teaching increased interaction between pupils and their commitment to studying as
well as deepened their understanding of geometric concepts (Moore & Linder 2012). According to Westreich
(1999), a kinaesthetic activity such as dance helps kinaesthetic learners, in particular, to understand abstract
mathematical concepts and to translate the mathematical reasoning process into words and text. Faber
(2011) observed that the group of pupils whose science instruction was supported by a bodily approach
achieved better learning outcomes than the control group in which no bodily methods were used. The group
that had had bodily learning experiences remembered the studied content better 30 days later. When Burke
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(2009) integrated dance into chemistry teaching, pupils found that it helped them recall chemical reactions in
an exam situation. Moreover, even pupils who were unable to verbalise abstract chemistry concepts in
normal class discussions managed to demonstrate their competence through the bodily methods. Kontra et al.
(2015) examined the learning of a physics concept, angular acceleration, and observed that the group using a
bodily approach performed better than the control group in the test measuring the learning of this concept.
According to Kontra et al. (2015), because of bodily activity the activation of the brain sensorimotor area
contributed to better reasoning and learning of the phenomenon. It can therefore be concluded that offering
bodily experiences closely related to the studied phenomenon, particularly at an early stage of studies,
supports pupils’ reasoning related to physics phenomena.

Educational data mining
Recently, Educational Data Mining (EDM) has become an emerging research field used to understand
learning and learner individual differences and choices better. EDM typically uses educational data and apply
data mining techniques such as prediction (including classification), discovery of latent structure (such as
clustering and q-matrix discovery), relationship mining (such as association rule mining and sequential
pattern mining) to process new information from traditional student survey data (Baker & Yacef 2009). For
example, cluster analysis finds the structure that emerges naturally from data, allowing researchers to search
for patterns in student behavior that commonly occur in data, but which did not initially occur to the
researcher which could provide new interesting information compared to using traditional quantitative
research methods. Machine learning methods have been used very little in education research in Finland so
far and this article could provide some ideas to enrich quantitative research methods.
There are many different personalities in the classroom. Different pupils like different teaching
methods more than others. Personalization of school experience is a key need to improve pupils` motivation
(Williams and Williams, 2011). Unsupervised machine learning could help teacher to detect different learners
from each class and to optimize teaching methods suitable for different classes. With help of artificial
intelligence it could be possible to deepen personalized learning experiences for people of all ages and stages.
Here we used unsupervised machine learning in order to discover new information from the inquiry, that was
held after the workshop, where pupils were experimenting with new ways of studying physics.
Implementation of the study
The study was conducted at a lower secondary school of about 400 pupils in Central Finland. During
the 2016–2017 school year, a visiting researcher-teacher delivered a two-hour workshop, Physics by
Dancing, for pupils in year seven. Seventeen pupil groups participated in the study.
The workshop
The workshop consisted of three sections: motion, equilibrium and rotation (see Moilanen & Salakka
2016). Three short videos were watched during the 90-minute workshop, but its main emphasis was on
physical activity and subsequent reflection. Immediately after the physical activity, pupils discussed in groups
or led by the teacher how the bodily activity was linked to the physics phenomenon to be learned. In the
motion section, pupils sought different ways of moving in time with music (accelerated, steady, slow, fast,
curvilinear or rectilinear) and different body parts that can be used for oscillating motion. Pupils also
competed in a line run using different socks and reflected on the factors that affect friction. In the equilibrium
sections, pupils tested supporting surfaces of different sizes with their body. They discussed how the
supporting surface influenced the fact that one manages to remain standing and looked for the centre of
gravity in different objects and their own body. In addition, they reflected on how the supporting surface and
centre of gravity are related to the falling of an object and experimented with picking up an object from close
to the wall while keeping their heels and backsides against the wall. In the rotation section, pupils tested
spinning by putting weight on different body parts, both on a chair and in different positions. Furthermore,
the class reflected on how spinning becomes fastest and how the conservation law of angular momentum is
related to rotation. At the end of the workshop, the pupils designed a short dance with six movements or a
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routine that included two positions of equilibrium, in other words, ‘freezes’, two rotary movements and two
translational motions in space. The dances were finally performed for the others.
Research data and analysis
At the end of the workshop, the pupils responded to a questionnaire using iPads. The questionnaire
was answered by 224 pupils, 48.2 percent of whom were boys and 51.8 percent girls. The researcher-teacher
recorded his observations of the workshop in a notebook, and one of the workshops was recorded on video.
The questionnaire for pupils was divided according to main research questions as shown in Table 1.
Main research question

Question in questionnaire

Reply Scale / format

1.Was there any differences
between pupils who liked and
disliked physics in experiencing
the new bodily teaching
methods

In my opinoin Physics as a subject is

1=Nothing meaningful
5=Really meaningful
Likert (5 totally agree, 1
totally disagree)
Likert (5 totally agree, 1
totally disagree)
Likert (5 totally agree, 1
totally disagree)
Likert (5 totally agree, 1
totally disagree)
Likert (5 totally agree, 1
totally disagree)
Likert (5 totally agree, 1
totally disagree)
Open-ended

2. What kind of sub-categories of
pupils can be detected by
unsupervised machine learning?

1. More bodily methods are needed in physics
and chemistry teaching'
2. Using own body for assignments makes
learning more effective'
3. Workshop assignments felt more pleasant
than traditional assignments in classroom
4. Studying physics is more enjoyable outside of
the classroom'
5. Would you like to use bodily learning methods
in other subjects also?
6. Physical exercise diverted the attention from
phenomena of physics
1. What are the most important things you
learned in the workshop?
2. Why do you think that exercise-based
workshops should be more
3. What was your most memorable moment in
the workshop

Open-ended
Open-ended

Table 1. Main research questions and related question in questionnaire
The data were analysed using statistical hypothesis tests and cluster analysis. Before the statistical
analysis, the answers to the open-ended questions were tabulated, simplified and divided into groups for
cluster analysis according to different umbrella concepts and subconcepts. The groups of answers are
presented in Figures 2, 3 and 4. For example, when pupils were asked about the most important things they
had learned in the workshop, a pupil’s answer ‘friction is needed for moving’ was placed in the ‘friction’ group
under the ‘physics’ umbrella concept. For example, unclear or slang answers were placed in the ‘something
else’ group. The aim of the descriptive methods was to produce new perspectives on the data and potentially
new interesting data-based hypotheses for further research.
The statistical hypothesis tests focused on the question I think physics as a subject is and on the pupils
who had given the most negative (R1: answer 1, 2 or ‘blank’; N = 55) and positive (R2: answer 4 or 5; N = 96)
answers to the question. The applied method was Wilcoxon two-sample rank-sum test, whose p-values were
corrected using the Bonferroni method in relation to the number of hypotheses. The difference between the
groups was observed as statistically significant when p ≤ 0.05.
Cluster analysis is a statistical method of unsupervised machine learning (Hastie et al. 2001; Bishop,
2006). Robust clustering is able to produce meaningful patterns from contaminated and incomplete data sets
(Ayrämö, 2006). The aim of cluster analysis in this study was to identify identical pupil groups in the sample,
in other words, more individual pupil profiles than the whole data. The cluster prototypes identified with the
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method represent typical behaviour in each group. The input variables were preprocessed with linear scaling
by converting dichotomous 0/1 variables to the range [1/4, 3/4], discrete (1,2,3) scale variables to the range
[1/6, 5/6] and Likert scale 1–5 variables to the range [1/10, 9/10]. The cluster model was formed with the
multivariate k-spatialmedians method which is independent of assumptions on the normal distributions
(Äyrämö 2006). The number of clusters, K = 3, was chosen by interpreting the different options visually. The
applied K-spatialmedians algorithms is based on the available case strategy on incomplete data which is why
no imputation or preprocessing of missing values is needed. . The groups produced by the cluster model were
interpreted visually with a bar chart.
In this study, the purpose of cluster analysis was to produce novel unsuspected insights into the
multivariate target data and generate data-based hypotheses. More precisely, to detect clusters in which
pupils express similar attitude within clusters and dissimilar attitude between clusters towards exercisebased learning.
Classical machine learning methods, such as the ordinary least-squares regression and K-means
clustering, are sensitive to noise and outlying, especially when the amount of training data is limited. The
sensitivity ensues from the least-square type of estimation of the training/fitting error. The spatial median is
the point that minimizes the sum of Euclidean distances to n data points. The use of non-squared Euclidean
norm provides a higher breakdown point (0. 5) than classical estimators (0. 0) (Huber, 1981). Due to the high
breakdown point at least 50 % of the data points must be shifted in order to cause infinite change on the
estimate (Lopuhaä and Rousseeuw, 1991). The spatial median is also location and orthogonal equivariant, but
not affine equivariant estimator of location.
Let us now consider a training data set 𝐷 = {𝒙𝒊 }𝑛𝑖=1 where 𝒙𝒊 ∈ ℝ𝒑 . In order to follow the available case
strategy for missing data treatment, that is some of the values in 𝒙𝒊 are missing, the operations must be
projected to the available values, which can be performed by defining a diagonal matrix 𝑷𝒊 for each data
point 𝒙𝒊 . Diagonal element (𝑷𝒊 )𝒋=𝒌 = 0 if 𝑗 𝑡ℎ element of data vector 𝒙𝒊 is missing and otherwise (𝑷𝒊 )𝑗=𝑘 = 1.
By applying the available case strategy and the spatial median for estimating the cluster centers, the score
function for the nan-K-spatmed clustering model is defined as:
𝒏

𝑲

𝑱 = ∑ ∑ 𝒓𝒊𝒌 ‖𝑷𝒊 (𝒙𝒊 − 𝒎𝒌 )‖
𝒊=𝟏 𝒌=𝟏

where 𝒎𝑘 is the spatial median point of the 𝑘 𝑡ℎ cluster and 𝑟𝑖𝑘 is determined by:
𝟏, 𝒊𝒇 𝒌 = 𝐚𝐫𝐠𝐦𝐢𝐧‖𝑷𝒊 (𝒙𝒊 − 𝒎𝒌 )‖
𝒌
𝒓𝒊𝒋 = {
𝟎, 𝒐𝒕𝒉𝒆𝒓𝒘𝒊𝒔𝒆.
The score function (1) is minimized by applying the following K-means-like steps until the partition
does not change:
1. Assign each data points to its closest cluster 𝑐𝑘 .
2. Update the center 𝒎𝑘 for each 𝐶 = {𝑐𝑘 , 𝑘 = 1, … , 𝐾}by computing the spatial mean of the assigned points.
Since the problem is non-convex, i.e., multiple local minima exist, multiple restarts must be taken or some
sort of initialization strategy applied, or otherwise the algorithm may converge to a suboptimal local
minimum solution (Pena et al., 1999; Arthur and Vassilvitskii, 2007; A¨ yra¨mo¨ et al., 2007).
Each cluster center is obtained (the second step of the Algorithm 2) by finding the minimizing point for the
problem of the spatial median on incomplete data sample (data points assigned to the cluster):
𝑛

min𝒑 𝐽(𝒖),

𝒖∈ℝ

𝑓𝑜𝑟 𝐽(𝒖) = ∑

‖𝑷𝒊 (𝒖 − 𝒙𝒊 )‖

𝑖=1

The problem (3) has a unique solution provided that the data points are not collinear (Milasevic and
Ducharme, 1987). Because there exist, however, no closed-formed solution to the problem (3), an iterative
successive over-relaxation variant of the Weiszfeld algorithm (SOR-Weiszfeld) can be applied (see details in
(Äyrämö, 2006)).
Results
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The study examined the connection between pupils’ attitude towards physics as a subject and their
experiences of the workshop (Table 2). The views of pupils with the most positive attitude towards physics
(Group 2) and those with the most negative attitude (Group 1) on whether there should be more bodily learning
methods in science teaching were statistically significantly different (p = 0.001). In Group 1 the median of the
answers was 4/5, and in Group 2 more than half of the pupils (53.3%) answered 5/5. Despite the statistically
significant difference, pupils in both groups found the workshops mainly necessary. The statistical difference
in the answer distributions is explained by the share of those who gave a maximum of 3/5 answer or a blank
answer; in Group 1 their share was 30.9% and in Group 2 only 12.5%.
In addition to the aforementioned difference, we observed a statistically significant difference based on
the rank-sum test in the question ‘Have you had bodily learning methods in physics/chemistry classes?’;
however, the medians of the groups do not differ. When examining the group-specific distributions of the
answers, we observed that in both groups the share of those who answered 3/3 to this question was minimal
(Group 1: 0%, Group 2: 0.01%). However, the distributions of the groups differ clearly: in Group 1 only 18.8%
answered 2/3, whereas in Group 2 the corresponding share was more than twice as large, 42.7%.
No statistically significant differences were observed in the Likert scale questions 2–5 measuring the
meaningfulness of the workshop and the work methods. Both groups thus found the bodily learning methods
of the workshops equally positive in light of these questions.
Question

Group 1

Group 2

p

'More bodily methods are needed in physics and chemistry
teaching'

4

5

0,001

’Have you had bodily learning methods in physics and
chemistry?’
'Workshop assignments felt more pleasant than traditional
assignments in classroom'
'Would you like to use bodily learning methods in other subjects
also?'
'Using own body for assignments makes learning more effective'
'Studying physics is more enjoyable outside of the classroom'
'Physical exercise diverted the attention from phenomena of
physics'

1

1

0,012

4

5

0,122

3

3

0,171

4
5
3

4
5
3

0,561
0,692
1,000

Table 2. The median and statistical significance of pupils' answers. Group 1=Dislike physics as a subject.
Group 2= Like physics as a subject.
The study also had a methodological development task with the aim of identifying different pupil
profiles. In cluster analysis, we observed three groups that can be distinguished based on their response
profiles. The cluster algorithm models were interpreted qualitatively by paying attention to those variables in
which, in an answer typical of the cluster, we noticed a trend that differed from a typical answer in the entire
data.
Cluster 1 (n = 128) constituted the largest group, whose answers to the Likert scale questions were
higher than typical of the entire data, except for the statement ‘Physical activity shifted attention away from
the actual physics phenomena” (Figure 1). Pupils in this cluster answered actively and left questions
unanswered clearly less seldom than those in the other clusters did. More often than the others, they found
that equilibrium and the centre of gravity were the most important things they had learned (Figure 2). In
relation to the entire data, the pupils in this cluster also had more views on why more workshops should be
provided. Some important reasons for them were a better retention of the studied content, emotion, variation
and the benefits of physical activity (Figure 3). More often than the entire sample, these pupils thought that,
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in addition to spinning and the centre of gravity, the most memorable things were their own dancing and the
chance to win 10,000 euro by picking up the teacher’s mobile phone from the floor without falling down. The
issues were related to the moments in which the bodily method was strongly present in learning the
phenomenon (Figure 4).
Cluster 2 (N = 73) is the second largest of the groups. Its answers to the Likert scale questions mainly
follow the profile typical of Cluster 1 and the entire data, but the scores given by the pupils are overall slightly
lower (Figure 1). The clearest difference from the entire data was that these pupils mostly left three openended questions unanswered (Figure 2, Figure 3, Figure 4).
Cluster 3 (N = 22) most distinctly differed from the other groups in its Likert scale questions: in five of
eight questions, the answers by pupils in this cluster were clearly different from the profile of the other two
groups (Figure 2). Typical answers in this cluster to the five questions were more negative (i.e. level 2, on the
Likert scale ‘disagree’), while the answers to these questions in the other groups were at levels 3/3 and 45/5. Only ‘friction’ was highlighted as one of the most important things learned in the workshop (Figure 3).
Compared with the entire sample, pupils in this cluster more often answered ‘Nothing’, ‘I don’t know’ or
‘Something else’, and about half of them did not answer the question at all. When asked ‘Why do you think
there should be more bodily learning workshops?’, the pupils in Cluster 3 chose the options ‘Benefits to
physical activity’, ‘There should not be more of them’, ‘I don’t know’, ‘Other’, and nearly half of them did not
answer at all (Figure 3). A small part of the cluster found that their own dancing was the most memorable
moment of the workshop, but a typical answer was ‘Relates to something else’ or the question was left
unanswered (Figure 4). Compared with the entire sample, the cluster can be regarded as a small, atypical
observation group, whose answers demonstrate an emphasis on options associated with uncertainty.

Figure 1. Answer profiles to the Likert-scale questions. Each cluster is represented by its spatial median.
The line with square markers represents the spatial median for all the pupils.”
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Figure 2. Answer profiles to the question”What are the most important things you learned in the workshop?”

Figure 3. Answer profiles to the question”Why do you think that sports workshops should be more?”
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Figure 4. Answer profiles to the question:”What was your most memorable moment in the workshop?”
Discussion and conclusions
The focus of the pilot study was to explore how pupils experience the use of physical activity as a
pedagogical method. Because research was restricted to one school, the results can be generalised only after
further studies in other environments. However, the findings provide measured data that can be utilised in
developing teaching practices in compliance with the new national core curriculum in Finnish schools.
The results show that pupils had a positive experience of bodily learning and the use of physical
activity in teaching. Based on the video material from the workshop and notes made by the researcherteacher, it can be observed that particularly boys were motivated by the competitive sections of the
workshop, such as picking up the wallet from the floor and spinning on one’s bottom. Boys’ motivation to
study physics phenomena is significant because, for example, the PISA 2015 results highlighted that Finnish
boys’ interest in science had lessened and their science performance was lower than that of girls. It may thus
be that traditional science teaching methods do not stimulate boys’ interest in the studied content. Further
research should be conducted to find out whether girls and boys experience bodily learning methods in
different ways, and whether especially boys could benefit from the bodily approach in physics classes.
Several researchers emphasise the significance of emotions in the learning process (Pekrun 2006;
Pekrun, Goetz, Titz & Perry 2002; Mayer, Salovey & Caruso 2000). A positive feeling strengthens the learning
experience and enhances learning (Walker et al. 2003; D’Argenbaum et al. 2002; Lyubomirsky, King & Diener
2005). Emotions affect the amount of stress hormone, cortisol, which reinforces the memory trace that
emerges through the learning process in the hippocampus (Joëls et al. 2006). On the other hand, excessive
stress can prevent the effective functioning of prefrontal brain areas important for learning and have a
negative effect on learning (LeDoux, 1998; Dalgleish et al., 1999). Moreover, the teacher’s emotional state has
a great impact on pupils’ learning (Becker et al. 2014). An overall starting point in planning the workshop
model described in this article was the creation of a positive learning atmosphere and positive learning
experiences. In light of the results, the workshop model functioned as expected.
Breaking the routine regarding teaching methods, learning environments or tools increases pupils’
attention and contributes to a memorable learning experience (Moilanen & Salakka 2016; Smeds et al. 2015).
The Physics by Dancing workshop featured various elements that differed from the elements of regular
physics classes, for instance, the bodily approach, a learning environment outside of the classroom, and a
visiting teacher. In the school where the study was conducted, approaches based on physical activity had
been used only a little. It can be hypothesised that pupils tend to find a change in working methods positive,
so the positive findings of the study are no surprise in this respect. Therefore, further research should be
conducted in a school where the bodily approach in science teaching has already been put into practice
before starting the study, so that the workshop could be led by the pupils’ own teacher. It is also essential to
implement longer teaching periods in which physical activity plays a key role in learning and teaching.
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One of the aims in this study was to examine whether pupils with either a positive or a negative
attitude towards physics as a subject had different experiences of the bodily workshop. The results did not
demonstrate any statistically significant differences in the questions related to meaningfulness. This suggests
that the bodily learning methods increase meaningfulness in learning physics in both of these pupil groups.
This supports the view that most pupils benefit from bodily learning and the use of several sensory channels
in instruction (Kuzcala 2013; Shams & Seitz 2008). According to Kujala et al. (2012), particularly hyperactive,
poor-performing pupils benefit from the integration of physical activity into lessons. In Finland, however, no
research has so far been conducted on how bodily learning methods affect poor-performing pupils’ physics
learning.
Even though most pupils had a positive attitude towards the workshop, the cluster analysis
highlighted some negative observations that need attention. The questionnaire was implemented at the end
of the workshop, and unanswered open-ended questions were common in the second largest group (n = 73).
According to the researcher-teacher’s observations, some of the pupils were clearly hurrying to the break and
therefore answered hastily. This naturally may affect the results of the study as well. It might consequently be
better to hand out the questionnaire, for example, at the beginning of the lesson following the workshop, or to
integrate it more closely into the workshop.
Another group (n = 22) distinguished from the sample by cluster analysis is the one whose openended answers are more commonly related to other topics than physics. Moreover, a negative attitude
towards the workshop’s methods was highlighted in this group. To some extent, the response profile of this
group may be explained by the fact that some of the pupils did not participate in the bodily tasks of the
workshop because of, for instance, religious reasons or physical disabilities and stayed in the audience
instead. On the other hand, according to the researcher-teacher’s observations, the group also included pupils
with a negative or ‘nothing interests me’ attitude towards the workshop, and their responses are probably
visible in this cluster.
From the viewpoint of cluster analysis, the small sample size can be regarded as a limitation of the
study. The primary purpose of utilising cluster analysis in this study was methodological development, and
the findings are suggestive. The aim in later research will be further data collection. The cluster method used
in the study can produce new hypotheses, but their validity must be examined more closely through further
research.
From the perspective of teachers, the cluster method can provide useful information on pupil groups
and their attitudes towards learning and teaching. Teachers can identify different pupil profiles in their
groups, based on whose distributions they can choose pedagogical methods suitable for the respective
groups. Methods and tools could be developed also at the individual level to provide each pupil with more
individualised teaching.
Many class teachers and teacher trainees are already aware of the benefits of bodily learning. The main
challenge remains how to put these methods into practice as a natural part of subject teachers’ work as well.
Many teachers may feel that they do not have the skills needed to integrate, for example, dance into their own
subject. One of the aims of Finland’s national core curriculum for basic education (OPS 2014) is actually to
increase cooperation between the teachers of different subjects as well as to plan and implement
multidisciplinary learning modules that integrate subjects and constitute harmonious entities of the studied
phenomena. Excellent examples are the teaching experiments that integrate various subjects and offer pupils
– in addition to 21st century skills – meaningful learning experiences and permanent memory traces
necessary for deep learning. Changing the practices, however, requires from teachers the courage to
experiment and potentially fail. It is essential to understand that moving and action in the lesson are not an
end in themselves but an effective means to promote learning (Moilanen & Salakka 2016).
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Introduction
The role of information and communication technologies (ICT) is emphasised in today’s educational
systems. ICT is a central element of 21st century skills. According to Voogt and Roblin (2012), ICT can be seen
as a hub of the 21st century’s skills. In the context of Finland, the role of ICT is emphasised in the National
Core Curriculum (NCC), where it is described from three different perspectives. First, ICT is described as a
part of the learning environments, according to NCC ICT is a key part of versatile learning environments.
Second, ICT is seen as a subject-specific tool used for supporting the learning of subjects, such as
mathematics, history and languages. Third, ICT is one of the seven transversal competences, that is, an entity
consisting of knowledge, skills, values, attitudes and will that need to be embedded in all teaching (Finnish
National Agency for Education, 2014). Expectations related to the use of ICT in education are high and based
on yearly Horizon reports. The development of ICT in education along with new pedagogical practices in K-12
education is fast (Freeman, Adams Becker, Cummins, Davis, & Hall Giesinger, 2017). The Horizon reports
emphasise ICT within makerspaces, robotics and learning analytics. Currently, there are several novel areas
of development in the field of ICT in education. This provides new possibilities for schools, teachers and
students. However, despite the possibilities, these expectations pose demands especially for teacher
education to provide new teachers with the readiness and skills to respond to these expectations. The task
seems to be challenging.
In this paper, we focus on pre-service teachers’ readiness to use ICT in education. Elementary-classteacher education in Finland emphasises practical and research orientation in order to provide new teachers with
readiness for continuous professional development. The role of ICT in teacher education is emphasised, however
the use of ICT varies between different universities and courses. Universities in this study provide pre-service

teachers with Internet access within their respective campuses as well as cloud services (e.g., Office 365,
GAFE, PedaNET). The context of this paper is based on a four-year research project called Preparing teacher
students for the 21st century learning practices, ways of thinking and learning (PREP21). PREP21 was funded
by the Academy of Finland 2014– 2017. The aim of the PREP21 was to study the development of pre-service
teachers’ 21st century skills during the first three years in teacher education. While PREP21 had two other
areas of research (strategic learning skills, collaboration/teamwork), the focus of this paper is on areas
related to ICT in education. These areas are studied using two theoretical frameworks, the Theory of Planned
Behavior (TPB; Aijzen, 1991) and Technological Pedagogical Content Knowledge (TPACK; Mishra & Koehler,
2006). These two theoretical frameworks were seen as complementing each other in the research of the
PREP21 project. The TPB framework focuses on attitudes, other people’s expectations, self-efficacy and
behavioural intentions (see. Aijzen, 1991) related to a certain behaviour, in this case the use of ICT in
education. TPACK framework focuses on (pre-service) teachers’ thinking from the following perspectives:
Pedagogical Knowledge (PK), Technological Knowledge (TK), Content Knowledge (CK), Technological
Pedagogical Knowledge (TPK), Pedagogical Content Knowledge (PCK) and Technological Content Knowledge
(TCK) (Koehler, Mishra, & Cain, 2013). Altogether, these areas combine as technological pedagogical content
knowledge (TPACK), i.e., an understanding that emerges from interactions among content, pedagogy, and
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technology knowledge […] knowledge underlying truly meaningful and deeply skilled teaching with
technology” (Koehler et al., 2013).
Both frameworks have been actively used for studying (pre-service) teachers’ ICT integration using
both qualitative and quantitative methods. The studies are usually conducted separately, still we assume
that together these two frameworks provide a more comprehensive picture of pre-service teachers’
readiness to use ICT in education. In this paper, we present findings from a PRPE21 project combining the
TPB and TPACK frameworks. This paper combines the findings of previous studies in order to provide a
new, more holistic picture of early-stage pre-service teachers’ readiness to use ICT in education.

Methodology
Participants
The target group consist of 267 first-year pre-service teachers from three Finnish universities
(Nfemale = 202; 76.8 %; Nmale = 61; 23.3 %). The target group of pre-service teachers is meant to graduate
within four to five years with a master’s degree in education, providing them with a qualification to teach
basic education pupils in grades 1 to 6. Data were collected at teacher education courses at the end of year
2014, the research was explained to each pre-service teacher and informed consent was obtained.
Participation in the study was voluntary. Additionally, institutional permissions to conduct the studies were
obtained from each participating university.
Two main questionnaires were used for this paper, Technological Pedagogical Content Knowledge
st
for 21 century skills (TPACK-21) and the Theory of Planned Behavior in ICT education (TPB-ICT). TPACK‐
21 instrument was initially tested and validated using exploratory factor analysis and confirmatory factor
analysis (Valtonen, Sointu, Mäkitalo-Siegl & Kukkonen, 2015; Valtonen, Sointu, Kukkonen, Kontkanen,
Lambert, & Mäkitalo-Siegl, 2017). To answer the TPACK-21, respondents used a six-point Likert-type scale
(1 = I need a lot of information about the measured area; 6 = I have strong knowledge of the measured area).
The questionnaire focusing on TPB‐ICT areas had been designed using previously validated instruments by
Teo and Lee (2010) and Valtonen, Kukkonen, Kontkanen, Sormunen, Dillon and Sointu (2015). A six-point
Likert-type scale (1 = strongly disagree, 6 = strongly agree) was used when answering the questionnaire.
In addition to these two main questionnaires, learning skills were researched with two other
questionnaires. First, to study self-regulated learning, we used the Motivated Strategies for Learning
Questionnaire (MSLQ) by Pintrich, Smith, Garcia, & McKeachie, (1993). With MSLQ, areas used for the
purposes of this study were elaboration (ELA), critical thinking (CRI) and metacognitive self-regulation
(SRL). Second, to study collaboration/teamwork perspectives, we used parts of the questionnaire by Wang,
MacCann, Zhuang, Lydia and Roberts (2009). Areas used in this questionnaire were negotiation (NEGO),
cooperation (COOP), and guidance (GUID). Respondents answered these questionnaires with a seven-point
Likert-type scale (1 = not at all true of me to 7 = very true of me).
This paper consists of three cases, providing three perspectives for pre-service teachers’ readiness to use
ICT in education. Within these cases, the following methods were used. First, descriptive statistics (mean value
and standard deviation) were utilised to outline results from pre-service teachers’ self-assessments on areas of
TPACK and TPB. Second, the Pearson’s product moment correlation was used to study the relations of

learning skills and ICT in education related areas. Third, the K-means cluster analysis was used in order to
study the subgroups of pre-service teachers based on their TPACK self-assessments.

Results
Case 1
The first case outlines pre-service teachers’ self-assessments of their TPACK and TPB areas. The results are
presented in Table 1. Based on previous studies done on pre-service teachers' TPACK, the PK and pedagogical
related areas (PCK, TPK) have been found to be high based on assessments (see. Koh, Chai, & Tsai, 2010).
From the perspective of TPB, the attitudes concerning ICT in education have gained high scores (Teo, 2012).
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The TPACK results of this study support earlier studies, i.e., the pedagogical knowledge is the most confident
area of TPACK. The lowest ratings were for technological content knowledge. In total, the values were rather
low in each area, only the PK was rated over 3.0 (mean 3.21) indicating the need for more knowledge in these
areas. One notable result was the high standard deviation of TK indicating more differences between
respondents based on their technological knowledge than other TPACK areas. The results from TPB provided
higher evaluations. The highest ratings with the lowest deviation were for subjective norms, indicating that
respondents are aware of the expectations related to the use of ICT in education. The lowest values were
found from the self-efficacy category indicating that respondents were not very confident in their skills of
using ICT in education. This area, along with the TK, contained the highest standard deviation values,
indicating the biggest differences among respondents. For more detailed results, see: Valtonen, Sointu,
Kukkonen, Kontkanen, Lambert, & Mäkitalo-Siegl, 2017; Valtonen, Kukkonen, Kontkanen, Mäkitalo‐Siegl, &
Sointu, 2018.

Table 1. Means and standard deviations of TPACK and TPB
M (SD)

Measured area
Technological Pedagogical Content Knowledge (TPACK)
Pedagogical Knowledge (PK)

3.21 (1.03)

Technological Knowledge (TK)

2.85 (1.23)

Content Knowledge (CK), science

2.98 (1.09)

Technological Pedagogical Knowledge (TPK)

2.94 (1.12)

Pedagogical Content Knowledge (PCK), science

2.96 (1.04)

Technological content knowledge (TCK), science

2.23 (1.05)

TPACK

2.70 (1.05)

Theory of Planned Behavior (TPB) in ICT Education
Attitude

4.09 (0.85)

Self-efficacy

3.57 (1.07)

Subjective norms

4.28 (0.78)

Behavioural intentions

4.07 (0.87)
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Case 2
The second case focuses on pre-service teacher 21st century skills. There are several definitions for these
skills. Based on the review study by Voogt and Roblin (2012), the key competences are collaboration,
communication, social and/or cultural competencies, ICT literacy, creativity, critical thinking and problem
solving. ICT is seen as a target for learning, but also as a means of support for other 21st century skills, i.e., the
understanding of how different 21st century skills can be supported with ICT. This case aims to study the
relations between areas of 21st century skills from three wider perspectives. First, from pre-service teachers'
skills for self-regulated learning using three factors: elaboration (ELA), critical thinking (CRI) and
metacognitive self-regulation (SRL). According to Dignath and Büttner (2008), todays' students are expected
to have skills for self-regulated learning during and after their education and throughout their entire working
life. Second, from pre-service teachers’ preference and readiness for collaboration and teamwork. These are
skills, which are increasingly important in today’s global economy (Scardamalia, Bransford, Kozma, &
Quellmalz, 2012). This area was measured from the perspectives of negotiation (NEGO), cooperation (COOP),
and guidance (GUID). The third perspective used was that of pre-service teachers' readiness to take
advantage of ICT in education. This was measured using the TPK factor from the TPACK framework and
attitudes from the TPB framework.
Results, presented in Table 2, indicate that correlations between different elements of learning skills
vary from non-significant to moderate and strong. There were clear correlations between ELA, CRI, SRL,
NEGO and GUID (Table 2). When considering the correlation between TPK and the attitudes towards areas
measuring learning skills, the correlations are much weaker, varying from non-significant to weak. The
strongest correlation was found between TPK and areas related to collaborative learning (Nego, Guid and
Coop). These results indicate that amongst the first-year pre-service teachers, the ICT related areas are seen
as separate from the learning skill areas. For more detailed, results see: Valtonen, Sointu, Kukkonen,
Häkkinen, Järvelä, Ahonen, Näykki, Pöysä, & Mäkitalo-Siegl, 2017.

Table 2. Correlation between learning skills and ICT in education
1

2

3

4

5

6

7

1 Elaboration (ELA)
2 Critical thinking (CRI)

.50**

3 metacognitive self-regulation (SRL)

.60**

.45**

4 Negotiation (NEGO)

.36**

.27*

.38**

5 guidance (GUID)

.29**

.36**

.33**

.46**

6 Cooperation (COOP)

.09

.06

.23**

.38**

.42**

7 Technological Pedagogical Knowledge (TPK)

.08

.14*

.13*

.21**

.21**

.21**

8 Attitudes for ICT in Education (ATT)

.08

-.05

.10

.17**

.14*

.20**

.34**

Note Correlation significant at ** p < .01, * p < .05

Case 3
The third case outlines the differences among pre-service teachers TPACK self-assessments. The TPACK
framework has been used in over 1,200 studies (see Harris, Phillips, Koehler & Rosenberg, 2017) and the target
groups are typically seen as one homogenous group. TPACK is typically described as a Venn-diagram with equal
size areas for all TPACK contents (Koehler et al., 2013). In a study by Koh and Chai (2014), pre-service teachers
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were divided into two subgroups based on their TPACK self-assessments; one with high assessments and one
with low assessments. However, more studies are needed to outline the variation between pre-service teachers’
TPACK. In case 3, the respondents were divided into four subgroups (Table 3). The results provided four

“meaningful” groups, i.e., the differences between groups indicated differences in pre-service teachers’
TPACK profiles, instead of mere high and low assessments. Results based on the four-cluster model provide
important insights especially into the differences between Technological Knowledge (TK) and TK-related
areas (i.e., TCK, TPK, TPACK). In cluster 2, the areas related to TK, i.e., TPK and TCK come out low in
assessments, even though other TPACK areas such as Pedagogical Knowledge (PK) is assessed as higher
than in clusters 1 and 3. On the contrary, in cluster one, the TK gains the highest assessments of all other
TPACK areas, indicating that respondents within this cluster find the TK as the most confident area for
them. In total, these results show that there are major differences among pre-service teachers and how they
assess their TPACK areas. For more detailed results, see: Valtonen, Kukkonen, Kontkanen, Mäkitalo‐Siegl, &
Sointu, 2018.

Table 3. Clustering pre-service teachers based on TPACK assessments
Cluster 1

Cluster 2

Cluster 3

Cluster 4

n = 75

n = 46

n = 103

n = 43

Pedagogical Knowledge (PK)

2.25

3.48

3.46

4.02

Technological Knowledge (TK)

2.33

1.61

3.28

4.03

Content Knowledge (CK), science

2.04

3.33

3.03

4.12

Technological Pedagogical Knowledge (TPK)

1.97

2.09

3.40

4.46

Pedagogical Content Knowledge (PCK), science

1.78

3.37

3.14

4.17

Technological content knowledge (TCK), science

1.49

1.66

2.36

3.84

TPACK science

1.73

2.01

3.00

4.04

Conclusions
These results provide an overview of the first-year pre-service teachers’ readiness to take advantage
of ICT in education. From the perspective of TPACK, the results show that pre-service teachers start their
studies with the strongest confidence in their pedagogical knowledge. From the perspective of TPB, the
subjective norms gained highest results i.e. they are aware of the expectations related to the use of ICT in
education. When considering the results of TPACK as a whole, it seems that the results are rather modest,
respondents evaluate themselves as needing more knowledge in all TPACK areas. Similar results were found
with self-efficacy related to the use of ICT in education.
Use of ICT in education needs to be built on proper pedagogical practices (Koehler et al., 2013).
Currently pedagogical practices related to collaboration and students’ active and self-regulated role is
emphasised (Häkkinen & Hämäläinen, 2012). However, the results show that areas related to learning skills

are separate from areas related to readiness to take advantage of ICT in education. Results also identify the
special role of the technological knowledge and self-efficacy related to the use of ICT in education.
Furthermore, the results indicate that these areas are assessed as low when compared to the other TPACK
and TPB areas. This study suggests that the biggest differences among respondents are within these areas.
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Compared to areas related to, for example, pedagogical knowledge, the deviation among respondents is
smaller, i.e., the respondents are a more unified group.
These results provide perspectives for developing teacher education. Especially the unique role of
technological knowledge and the differences among pre-service teachers need to be taken into account in teacher
education. Aligning with the suggestion by Roblyer and Doering (2010), we assume that TPACK-framework
should be considered as a reflective tool. Results from this paper provide perspectives on the nature of pre-

service teachers’ readiness to use ICT in education. In the future, we assume that pre-service teachers
themselves need to be supported to acknowledge these perspectives. To reflect on their own stronger and
weaker areas related to the use of ICT in education. Furthermore, what needs to be considered is how these
acknowledged strong and weak areas can be taken in to account in different courses during teacher
education. Can the results of self-assessments, for example, be used during courses to help pre-service
teachers focus more on certain topics, such as technology or ways to combine technology and pedagogical
practices? This area needs more development and research. Still, we believe that it is important to provide
pre-service teachers with the tools and support to help better acknowledge their stronger and weaker areas
related to usage of ICT in education. To acknowledge the differences among their personal TPACK and TPB
areas and the differences and similarities they have when compared to their peers and possible differences
and similarities among their peers in other Finnish universities.
Limitations of the study and possibilities for future research
This study focused only on first-year pre-service teachers using statistical methods. This target
group and methods provide an overview of the beginning level pre-service teachers. In the future, these
results need to be further examined in two ways. First, qualitative methods need to be used in order to
provide more insights into the topic. This would be achieved by letting the respondents answer more freely
in their own words. Second, it will be important to outline how pre-service teachers’ readiness to take
advantage of ICT in education develops during their teacher education. The role of ICT in teacher education is
emphasised in the Finnish teacher education, providing us with positive expectations related to these results.
There is a need for longitudinal studies covering longer periods of teacher education. The special role of
TPACK areas related to technological knowledge are of special interest. Do the low assessments given by the
respondents change during their teacher education? Another area of interest is the relation between ICT in
education and the other areas of 21st century skills.
In addition to measuring the possible development, an important research area will be the effects of
separate teacher education courses. Especially the content that pre-service teachers focus on during courses.
Finnish teacher education consists of courses providing pre-service teachers with well-designed pedagogical
solutions supported by ICT. However, it may be that pre-service teachers do not necessarily notice the areas
related to the use of ICT. They may instead focus on individual subject content in fields such as mathematics,
arts, biology etc. As is, this area needs to be studied further before making conclusions. What are, for example
the TPACK areas pre-service teachers focus on during courses? Is it possible to focus their attention on
different areas during the courses? This could help them see the benefits of different ways of combining
technology, pedagogy and subject content. In this paper, we used the TPACK and TPB frameworks together.
These frameworks provide partly overlapping and aligning results. Furthermore, the results from the two
frameworks complement each other. Especially the results of self-efficacy and TPACK areas related to
technological knowledge were similar. We assume that combining different theoretical frameworks will be
important in the future to gain a more comprehensive picture of pre-service teachers’ readiness to use ICT in
education.
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Introduction
In many studies, simulation-based healthcare education has been observed to be enjoyable and
meaningful (e.g., Brewer, 2011; Callagher & Corrado, 2014; Keskitalo, 2015; Keskitalo & Ruokamo, 2017). In
this article, we refer simulations to the real-like healthcare context where things are done as if occurring in an
actual healthcare environment and situation (Rall & Dieckmann, 2005). Callagher and Corrado (2014) also
compare simulations with performances in a theatre, where all participants are referred to as actors. In other
words, simulation is a healthcare mini-drama with all the spices (Callagher & Corrado, 2014). Simulation is
thus closely connected to play and playful activities. However, simulators involve a certain technology that
imitates certain aspects of reality (e.g., patient simulators), which are needed to create the drama. Many other
concepts are also used to refer to simulation technology in healthcare, such as part-task trainers. Pedagogically,
simulation-based learning resemble of case-based or problem-based learning, where the learning is organised
around a certain patient case. Simulation-based healthcare education is typically structured into the following
four phases: introduction, simulator and scenario briefing, scenario and debriefing (Keskitalo, 2015; Nyström,
Dahlberg, Edelbring, Hult, & Abrandt-Dahlgren, 2016).
The objectives of simulation-based learning can be multifaceted, such as learning basic resuscitation or
more complex crisis resource-management skills. Other learning goals can relate to teamwork and creative
problem solving that are essential competence areas in the international framework for 21st-century skills
(Binkley et al., 2012; Griffin, Care, & McGaw, 2012). As noted, the goals of simulation-based education can be
quite serious although learning should be enjoyable and playful (Kangas, 2014). However, playfulness does not
mean that learning should be pleasurable all the time. Instead, it indicates how much imagination, creativity
and playful exploration are intertwined with learning activities (Bateson & Martin, 2013; Kangas, Siklander,
Randolph, & Ruokamo, 2017). Playfulness can be manifested as physical, social and cognitive playfulness, as
well as humour and the joy of learning (Lieberman, 1977; Proyer & Jehle, 2013). Simulation-based learning
demands playfulness and taking on roles that a learner has not previously studied in simulation-based
healthcare education (cf. Callagher & Corrado, 2014). In a previous study, humour, creativity and teamwork
have predicted adult playfulness (Proyer & Ruch, 2011) and are central to successful simulation-based learning
as well. As Ziegler (1999) notes, the majority of their medical simulations involve humour, which are believed
to reduce stress and increase motivation and rapport among participants, among other benefits. In previous
research, adult playfulness has also been related to higher achievements and motivation (Proyer, 2011); thus,
we think that it is important to further study adult playfulness in simulation.
In this study, we examine adult playfulness in simulation-based healthcare education, as well as how it
can be promoted and enhanced during the learning process. The specific research question is as follows: How
does adult playfulness transpire in simulation-based healthcare education? The study participants are 239
medical students and professionals (122 males, 116 females) at Stanford University in 2010–2016. The data
sources include questionnaires and interviews. This research is still in its infancy, so only the preliminary
results will be presented at the EdMedia Conference 2018 in Amsterdam. Next, we present the theoretical
framework, the methods and the preliminary findings. Finally, the results are discussed, and some ideas for
future studies are suggested.
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Theoretical Framework
In previous research, playfulness has been perceived as a kind of stance towards learning or a certain
mood in learning that emerges from interactions with others (Kangas, 2014). Bateson and Martin (2013) even
argue that playfulness may be a major influence on how creative a group of people can become. Playfulness is
understood as a particular positive mood, and it manifests the quality of learning activities. It is an attitude that
feeds the imagination and problem solving and allows mistakes (Bateson & Martin, 2013; Davis, 2009).
Playfulness is thus a source of power for learning, aiming to produce the joy of learning (Csíkszentmihályi,
1990; Kangas et al., 2017). Adult playfulness is characterised as curiosity, flexibility and creativity (Kangas et
al., 2017). Based on all these views, we argue that playfulness may also lead to cognitive flexibility in medical
decision making and problem solving (Dreisbach & Goschke, 2004). Being other-directed, lightheartedness,
intellectuality and a whimsical nature are other characteristics of the adult learner’s playfulness (Proyer,
2015). Previous research has related playfulness to better academic achievement and motivation (Proyer,
2011). Previous studies have also found that playfulness can predict the ability to overcome challenging
situations in adulthood (Siviy, 2016), has many positive effects on learning (Kangas, 2014), as well as on overall
well-being and quality of life (Proyer, 2012).
There are not only differences but also many similarities between playful and simulation-based learning.
Playful learning is based on a climate of trust and safety. It is characterised by learners’ activities and
experientialism, taking into account the cognitive, emotional and physical qualities of learning. It comprises
creativity, narration, collaboration, embodiment, media richness and the joy of learning (Kangas, 2010). It can
be observed in learning as increased positivism, decreased tension and joint trust (Kangas, 2014; Ziegler,
1999).
It has been argued that the most important prerequisites for simulation-based healthcare education are
trust and safety in the learning environment. In the beginning of the learning process, it is often stated that the
learner can make mistakes without adverse consequences on the patient, and what is evaluated is the
performance, not the performer (Fanning & Gaba, 2007). Playful and simulation-based learning are united by
the learners’ activities, experientiality and joy of doing tasks hands-on (Keskitalo, 2015). However, both types
of learning also consider the cognitive and the emotional aspects as it targets specific learning goals, and there
can be emotional elements in patient cases (Bryson & Levine, 2008; DeMaria et al., 2010), for example, in the
form of a patient story (Power et al., 2016). During the scenario phase, the patient cases are usually handled in
collaboration with other participants utilising various healthcare technologies, thus expressing co-operation
and the media richness of learning. In many studies, the participants have also stated that they value the
simulation-based learning experience (e.g., Paige, Arora, Fernandez, & Seymour, 2015), which may imply the
joy of learning. Thus, it seems that simulation-based and playful learning involve many similar qualities,
including narration, collaboration, media richness and joy of learning. The embodiment and physical nature of
learning are also important aspects; however, they have received less attention in simulation-based healthcare
education.

Research question
With the previous theoretical framework as a background, we formulate the following research
question: How does adult playfulness transpire in simulation-based healthcare education?
Methods
Participants
The data were collected from 238 participants (122 males and 116 females). The learners were mainly
medical students (n = 100) and junior physicians (n = 119), primarily specialising in anaesthesia or emergency
medicine. The other participants were healthcare practitioners (n = 17). The median age of the respondents
was 29 (ranging from 22 to 39 years old). Most of the participants had previously participated in simulationbased activities. Before the study, we applied for research permission, which was granted by the institutional
review board. Thereafter, consent was obtained from the participants. It was also emphasised that
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participation was voluntary and that they could withdraw from the study at any time. However, all the
participants decided to join the study. They did not receive any compensation for it.
Research Context
The data were collected from three different simulation-based learning environments in 2010, 2013–
2014 and 2016. The simulation centre had many different rooms to choose from. An operating room, an
intensive care unit, an emergency department or a ward was usually set up for the rehearsal. The learning
environment also consisted of various computer-directed patient simulators, including adult, child and infant
types. During the courses, all the activities were prepared by the facilitators and carried out collaboratively in
a group format. Two to four students were usually assigned to one group. Those students who did not take part
in a particular scenario watched the session from a separate room via television. The basic structure of a course
included the following: introducing the topic, goals and ground rules; familiarising the students with the
environment and scenarios; and conducting the learning discussion (Keskitalo, 2015). The each courses lasted
from one to nine hours.
Data Collection and Analysis
We collected and analysed the research data, as presented in Table 1.
Table 1. Research methods.
Research Data

Analysis Method

Participants

Pre- and post-questionnaires

Descriptive statistics, factor analysis, Cronbach’s
alpha, paired sample t-test

Learners, n = 238

Interviews

Qualitative content analysis

Facilitators, n = 37
Learners, n = 37

Pre- and post-questionnaires were used to measure the participants’ expectations of and experiences in
the beginning and at the end of the simulations. For a detailed description of the questionnaires, see Keskitalo
(2012). Additionally, 29 Likert-type questions (from 0 = not at all to 5 = to a great extent) focused on the
emotions that the students experienced during the course. They were asked to evaluate the degree to which
they felt a given emotion (e.g., enjoyment in studying, boredom, a sense of community) before and after the
course. In this study, we focused on the questions that measured the learners’ emotions and playfulness. In the
questionnaires, five questions were intended to collect the students’ background information, and one open
question gave the students space to write other comments. The post-questionnaire items were similar to those
in the pre-questionnaire, but they dealt with the students’ experiences right after the course. For this study, the
data were analysed using descriptive statistics, factor analysis and Cronbach’s alpha. A paired-sample t-test
was used to compare the differences between the participants’ emotions before and after the simulations. To
count the difference between the means, we conducted subtractions between the means before and after the
simulation sessions. The asterisk is used to indicate how statistically significant the difference is.
We also conducted individual, paired and group interviews after each simulation session. The facilitators
were mainly interviewed as pairs or individually, whereas the learners were interviewed mainly in groups to
save time. The interviews were semi-structured and included several questions, such as the following: Describe
how your group of participants worked together. What promotes learning in a simulation-based learning
environment? The qualitative data were analysed using qualitative content analysis (e.g., Attride-Stirling, 2001).
The analysis process started with transcribing the interview data verbatim, followed by reading the transcripts
once. The analysis process involved a comparison between theory and data, looking for similarities and
differences among the categories, as well as the negotiation between the researchers about the categorisation.
In this study, several sentences constituted the unit of analysis that somehow reflected the study’s research
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question (Chi, 1997). However, it should be borne in mind that qualitative data analysis is still in its infancy,
and the interview data are used here mostly as supporting the quantitative data analysis.

Preliminary Results
In Table 2, we present the participants’ emotions related to playfulness in simulation-based learning in
the beginning and at the end of the sessions. During the analysis process, their emotions were further
categorised into four themes, according to the theoretical framework presented above, as well as the data
analysis. The themes were as follows: 1) academic curiosity and playful attitude, 2) positivity and joy of
learning, 3) collaboration and teamwork and 4) trust and safety of learning. For the first two themes, we also
formed the sum variables, and the Cronbach’s alpha coefficients were acceptable for these subscales (0.68–
0.80) (Nunnally, 1978). Because the last two themes each involved a single variable, we were unable to form
their sum variables.
Table 2. Participants’ emotions before and after the simulation-based learning sessions.
Emotions before the course (prequestionnaire)

M (SD)

Emotions after the course (postquestionnaire)

M (SD)

Difference

3.92 (0.68)

0.31***

Academic curiosity and playful
attitude
Interest

3.61 (0.65)
4.05 (0.82)

Interest

4.32 (0.77)

0.27***

Enjoyment in studying

3.76 (0.95)

Enjoyment in studying

4.29 (0.84)

0.53***

Feelings of challenge

3.55 (1.06)

Feelings of challenge

3.81 (1.07)

0.26**

Activity

2.96 (1.12)

Activity

3.36 (1.21)

0.4***

Enthusiasm

3.72 (0.87)

Enthusiasm

3.89 (1.00)

0.17 *

Positivity and joy of learning

3.36 (0.75)

3.66 (0.84)

0.30***

Hopefulness

3.72 (0.97)

Hopefulness

3.89 (1.11)

0.17*

Cheerfulness

3.33 (0.91)

Cheerfulness

3.55 (1.04)

0.22**

Satisfaction

3.24 (1.01)

Satisfaction

3.82 (1.00)

0.58***

Happiness

3.12 (0.98)

Happiness

3.43 (1.09)

0.31***

3.69 (0.95)

Sense of community

4.19 (0.85)

0.5***

1.91 (1.00)

Ingenuousness

1.94 (1.13)

0.03

Collaboration and teamwork
Sense of community
Trust and safety of learning
Ingenuousness

*p < 0.05; **p < 0.01; ***p < 0.001
bold numbers = negative emotions; italic numbers = positive emotions

Academic Curiosity and Playful Attitude
Based on the preliminary analysis of the questionnaire data, we could assume that the participants had
the right mindset for learning, as academic curiosity and playful attitude were high in the beginning (M = 3.61;
SD = 0.65) and at the end of the simulation sessions (M = 3.92; SD = 0.68). When examining the individual
emotion variables, interest (M = 4.05; SD = 0.82), enjoyment in studying (M = 3.76; SD = 0.95), feelings of
challenge (M = 3.55; SD = 1.06) and enthusiasm (M = 3.72; SD = 0.87) were high in the beginning of the sessions,
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and these emotional statements were even higher at the end of the course. The increase was statistically
significant in all of these variables. Activity (M = 2.96; SD = 1.12) was quite low in the beginning but increased
towards the end of the sessions (M = 3.36; SD = 1.21). The interviews also supported the quantitative analysis,
indicating that simulation-based learning was a pleasurable experience after all, as described by a student:
“I think it’s a great programme. I think before, like the day before, I was kind of stressed out,
thinking, oh God. Now [that] I’m in the second year, they expect more of me. I can’t [interposing].
But then, once it’s over, I think it’s a great experience. I still think like now, I want to do it again in
like a couple months. And I’d like to do it more often” (Learner 3).
Although the participants seemed to be academically curious, it would sometimes overcome their playful
attitude, as a facilitator and a learner explained:
“I think the buy-in of reality from the students, oftentimes, if they’re uncomfortable, they’ll then
say it’s just a mannequin; it’s a dummy; it’s a piece of plastic. And unless they agree to –that
there’s some fiction portion of it or that some of the – the mannequin’s not going to get up and
walk off the bed. Until you get that buy-in from the student, a lot of times, it’s a barrier; it’s a
wall to their learning; it's a wall to, I think, creating the simulation experience for them. So I
think that the biggest barrier is somebody that doesn’t want to play” (Facilitator 20).
“First, you have to get into the role. It’s like they say. You have to suspend disbelief and believe
that – like make yourself believe this is real, what I’m learning. Forget it’s a plastic mannequin.
Pretend it’s a real person. If people aren’t really able to do that, then they can just have a
harder time getting into it. That could prevent them from focusing on the learning” (Learner
37).
As revealed by the preceding excerpts, the facilitator tried to have the participants play with a plastic
mannequin in order to accomplish the learning goals. However, as the learner described, that was not easy
because somehow, it felt ridiculous to pretend and imagine that the mannequin was a real patient. Callagher
and Corrado (2014) observed this same issue in their teaching. The learners also described that what they
basically did to achieve the learning goals was to forget the things that did not feel real or made them feel
ridiculous, whereas the facilitator did his or her best to create a valuable learning experience for them.
Positivity and Joy of Learning
The positivity and joy of learning theme was constructed from the following emotions: hopefulness,
cheerfulness, satisfaction and happiness. Positivity and joy of learning was quite high among the participants
(M = 3.36–3.66; SD = 0.75–0.84), and the increase towards the end of the sessions was also statistically
significant (0.30***). The means for hopefulness (M = 3.72; SD = 0.97), cheerfulness (M = 3.33; SD = 0.91),
satisfaction (M = 3.24; SD = 1.01) and happiness (M = 3.12; SD = 0.98) were high in the beginning, and all had a
statistically significant increase towards the end of the sessions as well. The interviews also revealed the
presence of joy in the learning experience, as described by one student:
“Speaker 2: Mm-hmm. Usually. Later in the day it grows – Eric was making jokes in there.
[interposing]” (Learner 2).
The excerpt indicated that the joy of learning manifested in simulation-based healthcare education could
take the form of jokes among the learners (see also Callagher & Corrado, 2014). The quote also showed that the
positivity and joy of learning grew during the day, thus supporting the quantitative data analysis.
Collaborative Learning and Teamwork
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The sense of community was quite high in the beginning of the sessions (M = 3.69; SD = 0.95), with a
statistically significant increase towards the end of the course (M = 4.19; SD = 0.85). The collaboration was also
valued by both facilitators and learners, as revealed by the following excerpts:
“Having everyone involved is helpful” (Facilitator 25).
“They’re quite helpful; you know you can count on these guys, and they’ll be there
to help you out” (Learner 2).
Collaboration is a prerequisite for simulation-based learning, as it helps learners solve the patient case
more efficiently, as shown by the preceding excerpts. However, how playfulness transpires in this collaboration
requires a deeper examination.
Trust and Safety of Learning
Ingenuousness was not particularly high in the beginning (M = 1.99; SD = 1.11) or at the end of the
session (M = 1.94; SD = 1.13). However, the interviews indicated that the facilitators really tried to support this
aspect of learning, for example:
“You try and be as supportive as possible and really make them feel like no matter what happens,
there’s no way to fail” (Facilitator 25).
“Having a non-threatening environment where the learners do not feel that they’re being
judged” (Facilitator 22).

tested or

Furthermore, the learners valued this aspect of learning, as revealed in the following excerpts:
“I think it’s pretty low stress; even though you’re worried about looking [like] an idiot, you’re not
worried about actually hurting a patient” (Learner 33).
“So, it has to be a very safe environment!” (Learner 3).
The reason for the low mean might be elsewhere than that this aspect of learning has been ignored as it
is considered an essential element in simulation-based learning (e.g., Callagher & Corrado, 2014; Fanning &
Gaba, 2007). For example, the learners were possibly evaluating how much they trusted their own skills and
knowledge rather than how trustworthy and safe they thought the learning environment was.

Discussion and Concluding Remarks
Playfulness appears in simulation-based learning mainly by emphasising trust and encouraging
collaboration, as well as academic curiosity and a playful attitude. A playful attitude plays an important role in
the success of simulation-based healthcare education (Ziegler, 1999). Simulation-based learning requires a
playful mindset that helps participants settle into their roles and suspend disbelief (Callagher & Corrado, 2014;
Fanning & Gaba, 2007). However, as the preliminary results suggest, it is neither easy for the instructor to
support the playful mindset of the learner, nor is it an easy task for the learner to be immersed in simulationbased learning. According to Callagher and Corrado (2014), sometimes, the difficulty can be due to disinterest,
stress or just embarrassment. Therefore, future studies could concentrate on finding pedagogical methods that
help support learners’ playful attitude, in addition to using humour (see Callagher & Corrado, 2014), which is
just one aspect of playfulness (Lieberman, 1977; Proyer & Jehle, 2013). In this task, a closer examination of our
video data, which we have not yet analysed, will help us answer the question of how playfulness emerges from
the simulation participants’ collaboration and interaction.
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The preliminary findings also indicate that in simulation-based education, scholars should emphasise
other aspects of playful learning that are known to enhance learning and may also benefit simulation-based
learning. These are the emotional (Keskitalo & Ruokamo, 2017), as well as the embodied and physical aspects
of learning (cf. Kangas, 2010). Thus far, the emotional facet of simulation-based learning has been studied in
relation to stress and anxiety (Andreatta, Hillard, & Krain, 2010) or to increasing the realism of the patient
cases (Bryson & Levine, 2008; DeMaria et al., 2010). However, in future studies, researchers should also
concentrate on the positive aspects of emotions, for example, how to increase a playful attitude and joy in
simulation-based learning without ignoring the cognitive dimension. This point is especially important since
simulation-based learning is sometimes considered quite stressful (Andreatta et al., 2010). Recently, the sociomaterial perspective has emerged in order to study the physical aspect of the learning environment and how it
all relates to learning (e.g., Nytsröm et al., 2016). Similarly, in future studies, scholars could investigate how the
physical learning environment either supports or hinders playful simulation-based learning.
The main limitation of this study is that the questionnaires and the interviews were not exactly designed
to measure playful simulation-based learning. For example, both quantitative and qualitative data showed
mixed results about trust and the safety of simulation-based learning. The descriptive statistics that measured
ingenuousness were quite low although the interviews revealed the extra effort in creating the right
atmosphere for learning. Many previous studies also confirm this aspect as important for the success of
simulation-based learning (e.g., Fanning & Gaba, 2007). Thus, in future research, scholars must also carefully
design their questionnaires to meet the goals of their studies. However, we believe that our study is a good
starting point since to our best knowledge, there are no other current studies related to playful simulationbased learning.
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Introduction
The idea of using and designing technology for learning purposes has been around for several decades and
there is a wide variety of different learning technology available today. When considering individual technologies,
e.g. games, many teachers are still hesitant to use commercial games in their teaching (Becker & Jacobsen, 2005).

This in turn creates a need for learning specific games and software. However, still today some of
these learning technologies struggle with basic usability issues related to the technology, as well as
learning, content and context related aspects of the products and systems (e.g. Kenttälä, Kankaanranta,
Rousi & Pänkäläinen, 2015). Many of these issues could easily be redesigned during early stages of
development. However, left without action, become costly or even inefficient, when attempting to fix them
during later stages of development (Boehm & Basili, 2005; Bevan, 2009). Therefore, building a framework
that can be used during the early stages of the design process has substantial additional value to learning
solution developers.
Adding technology to classrooms can cause concerns for teachers due to e.g. conflicting or controversial
results on the significance of digital games for learning. As the field of digital games is vast with the purposes,
interaction types and content widely varied, it is impossible to make generalisations about the overall effectiveness
of gamified learning (Sitzmann, 2011; Hanus & Fox, 2015). Moreover, research has indicated that when not enough
concern is given to pedagogy and learning design in technology use, there may be negative repercussions on
student learning outcomes (Vrasidas, 2015; Vermeulen, Kreijns, van Buuren, & van Acker, 2016). Concerns have
also been raised about children’s’ screen-time in addition to the adverse effects of long-term technology use, which
both impact negatively on health and school achievement levels of students (e.g. Genc, 2014).
While software and technological aspects of usability have long been a focus of study, there clearly is the
need to understand the context of classroom and the interactions that occur within them to fully grasp what
demands the context sets for design. Teacher beliefs have been shown to have an impact on their decision to
integrate ICT into their classroom practices (Inan and Lowther, 2010). It has been suggested that teachers who
have adopted a constructivist approach towards technology tend to be more active users of various technologies
(Judson, 2006; Ertmer, Ottenbreit-Leftwich & Tondeur, 2015). As innovative practices may be shared among
teachers who are flexible in their classroom ICT use, teachers with e.g. a more critical viewpoint to technology use
in education may feel excluded from the discussion about the ICT choices made in their school (Stieler-Hunt &
Jones, 2017). Error-welcoming pedagogies that support the flexibility of teachers’ interaction and ICT use in
classrooms are still more likely to be the endeavours of individual teachers than a widely accepted way of teaching
(McWilliam, 2008; Kale & Goh, 2014). Many teachers still regard ICT use with caution or feel stressed by the
change required from them to start using ICT more frequently or in different ways in their teaching, which may be
amplified by the lack of support for such ICT integration efforts (e.g. Syvänen, Mäkiniemi, Syrjä, Heikkilä-Tammi &
Viteli, 2016; Kenttälä & Kankaanranta, 2017). Research has found that there are several contributing reasons for
technology related stress (technostress) of teachers. One of those reasons being the usability of technology (AlFudail & Mellar, 2008).

In this paper we present the results of an ongoing study, which aims at constructing a framework
for the design of educational technology. The study continues cyclical efforts in the construction of the
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LETUS framework (see Kenttälä, Rousi and Kankaanranta, 2017). In this paper, the focus is on embedding
contextual principles to the framework.

LETUS Design framework
There have been numerous attempts to model usability related issues and the usability design of
educational software (Davids, Chikte & Halperin, 2014; Van Nuland & Rogers, 2015). Topics covered range from
usability evaluation (Oztekin, Dursun, Ali & Selim, 2013), to understanding the structure and key properties of elearning software in order to enhance learning outcomes (Squires and Preece, 1999; Van Nuland & Rogers, 2015),
and incorporating insight into other key qualities such as fun (Read, 2008) and operationality in social media (Li et
al., 2016) to name some. The knowledge gained from design and usability testing frameworks analysed for the
LETUS framework (Kenttälä, Rousi & Kankaanranta, 2017) were categorised based on the technological
pedagogical content knowledge (TPACK) model (Koehler and Mishra, 2009) to further their explanatory power.
The focus of the TPACK model is on teacher knowledge, which complements the complexity of designing efficient
learning software. It has been shown that higher TPACK levels reduce teachers’ technostress (Joo, Lim & Kim,
2016). The utilisation of the TPACK model aims to ensure that all the necessary features teachers need to take into
account when using technology in teaching would also be considered, while creating and analysing technology for
their use.
The TPACK model comprises three main types of knowledge - technological knowledge (TK), content
knowledge (CK) and pedagogical knowledge (PK) (Koehler & Mishra, 2009). Given the complex multi-layered
nature of educational software, TPACK emphasizes the overlaps between and within the knowledge types to
illustrate technological pedagogical knowledge (TPK), technological content knowledge (TCK) and pedagogical
content knowledge (PCK), all of which should be accounted for when designing and developing software for
learning (Koehler & Mishra, 2009). Furthermore, the model stresses consideration for the learning contexts
and social aspects. Specifically, the knowledge aspect of the technology, content and pedagogy are important
for this model, as it acknowledges that all three components require their own learning and skill development.
With this as a basis, the Learning Technology Usability (LETUS) Design framework focuses on furthering
research and design knowledge on the usability of digital learning technology. The background research
undertaken in the LETUS development, has produced a holistic framework for incorporating the complex array of
usability evaluation features into designing a viable software product (Kenttälä, Rousi & Kankaanranta, 2017). The
current study builds on the LETUS framework and further develops it to broaden the scope from analyzing existing
learning technology towards designing pedagogically usable products that suit the context they are designed for.

Methods and Data
The work on the LETUS framework was carried out via two means: theory based fortification of the
Learning, Content and Technology related aspects; and analysis of practice based articles for the contextual aspects
of the framework. Work on the contextual aspects of the LETUS framework has been enhanced by analysing the use
and definitions of the three levels of context (micro, meso and macro) in 14 articles. The articles were chosen based
on Rosenberg and Koehler’s (2015) previous work, which was through critical analysis of TPACK related research

found to be the most comprehensive work on this topic. Rosenberg and Koehler focused on identifying levels
of context present in each article, but not on what was being said about context on each of the three levels.
This work expands on the knowledge gained from their research and through coding and analysing the
individual representations of context in each article offers more insight on what are the aspects of context
mentioned related to different levels.
From the concrete perspective of technical usability in the context of learning software, the software
itself should require minimal learning, and rather, the concepts and content should be the pivotal nodes of
concentration and challenge from the learner’s perspective. To understand how previous research has
accounted for these elements and more importantly dynamics between the elements and knowledge types,
the LETUS framework has been formulated through the coding and analysis of data from 113 expert
evaluation reports of nine different learning software products (see Mäkelä, 2015). The expert evaluations
were conducted in seven countries. The resulting framework was formulated through integrating the
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categories derived from the data analysis with previous educational technology design frameworks. The
original LETUS framework features four facets: learning, technology, content and context (table 1). These
facets are expanded upon in the updated framework explained in the results section.
Table 1. Learning Experience Technology Usability (LETUS) framework components (Kenttälä,
Rousi & Kankaanranta, 2017)
Learning

Feedback
Guidance and instructions
Concentration and attention
Collaboration
Assessment
Confidence
Motivation
Skill development
Previous knowledge
Differentiation
Skills for learning
Creativity

Content

Goals
Authenticity and relevance
Readability and literacy
Concepts
Multimedia

Technology

Flexibility
Control
Errors
Consistency
Aesthetics and trust
Navigation and intuitiveness
Communication
Interaction
Accessibility
Scalability
Reliability and maintainability

Context

Satisfaction
Immersion and flow
Applicability
Added value
Sociocultural relevance

Results
In this section we will present results in two parts. The first part describes the revised dimensions of
learning, content and technology. The second part describes the results from the analysis of earlier studies in
regard contextual factors.
The fortified Learning Experience Technology Usability Design framework
The fortified Learning Experience Technology Usability (LETUS) design framework presented in this paper
builds on the above mentioned (Table 1) framework introduced by Kenttälä, Rousi and Kankaanranta (2017),
which connects theory to practice in the fields of education and usability research. In this paper, knowledge
regarding this connection and the components of LETUS are deepened and steered towards specific design
elements comprised in learning software. Understanding of the first three components of the LETUS framework:
Learning, Content and Technology, was deepened through critical analysis of research related to each of the three
aspects.
Learning is used in the Learning Experience Technology Design framework to indicate the learning
process-related aspects of the software. Aspects such as feedback, guidance and instructions, collaboration,
assessment and differentiation (Table 1) are just some of the elements that promote learning. These are the
factors that teachers usually inertly do or promote to help learners in their learning process. However, in

the context of learning software creation, these factors need to be given special consideration in regards to
and on top of the other factors related to establishing a digital platform. Some of the most significant skills
to be fostered include problem-solving, adaptability and critical thinking - skills, that with careful detail to
design, are apt for learning in the type of environment that affords rapid information access, interactivity
and simulation, as well as reactivity (Garrison, 2011; Lombardi, 2007).
The next category in the LETUS Design framework is Content. The content category features the
combination of five components: Goals, authenticity and relevance, readability and literacy, concepts and
multimedia. These components represent various aspects of the content which assist both in the experience
of learning through the software, as well as the practical usability. Goals provide motivation in terms of
comprehendible outcomes (Valle et al., 2003). Authenticity and integrity of the content in relation to the
content providers, their subject or field experience and the accuracy of the content provided, is reinforced by
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the relevance of the material to support the learning goals. Readability relates to the visual clarity of the text,
font and size, in addition to the amount of text supplied and the language through which it is expressed.
Literacy is supported through the readability, yet also entails factors such as a match between the levels,
abilities and language of the reader (UNESCO, 2006). Concepts and their usage connect with literacy, and the
understandability of these concepts is facilitated through contextualization and explanation, relevance and
even demonstration as afforded by devices such as multimedia.
Technology design in the LETUS Design framework consists of eleven components (Table 1) that address
the basic requirements for a usable software product. From the 21st century skills perspective, flexibility of use
can be considered a key feature in the design of digital learning software (Garrison, 2011; Lombardi, 2007).
Flexibility of use allows the users to also take control of their own learning, which is one of the essential concepts
of these modern learning theories. Avoiding error prone conditions and providing users clear ways to recover from
errors are important also in learning software design. Communication within and through the use of learning
technology is one key component in supporting a communicative approach to learning. Aesthetics and trust relate
to the visual aspects of the learning software that should both be aesthetically pleasing and build trust in the user
through e.g. consistency. Accessibility should be taken into account in early stages of software development to
allow a wide variety of users to access the software without significant hindrances. Ways to interact with the
learning software should be fluent and coherent. In the current multi-device use environment it is important to
give scalability proper consideration, since e.g. online learning environments may be used on varied devices (e.g.
mobile devices and laptops). One key requirement for software to be usable is its reliability and maintainability.
When creating software that is not intended for a single use, but for continued use it is important to make sure that
maintenance and modifications to the contents or e.g. upgrades to the software are easy to make.

Contextual aspects
Context related aspects of learning technology have in the past been defined in various ways and levels of
detail. Here, the TPACK model was used as the basis for the categorisation in the earlier version of the LETUS
framework. Even though articles related to the TPACK model generally talks about context as an important part of
the model, it is usually addressed ambiguously and is commonly not clearly defined (Kelly, 2010; PorrasHernández & Salinas-Amescua, 2013). In their article Porras-Hernández and Salinas-Amescua created a

conceptual model for analysing contextual factors on micro (classroom or learning environment factors),
meso (learning environments outside the classroom) and macro (societal factors that affect teachers and
learners e.g. national curriculum) level. This model was later further elaborated by Rosenberg and Koehler
(2015) and this model has been used to further the knowledge about contextual factors in the LETUS Design
model.
Context as defined in the previously formed LETUS framework includes five factors: satisfaction,
immersion and flow, applicability, added value and sociocultural relevance (Table 1). These broad categories
include key issues related to assessing the usability of a learning technology in relation to the context it will
be used in. The work is expanded in this study by analysing how context has been defined in research of
educational technology use and specifically in TPACK model related research. Through this analysis the
context in the LETUS framework has been modified to better match the intricate nature and complexity of
context in the use of learning technology. The current model considers the concept of context on the three
levels defined by Porras-Hernández and Salinas-Amescua (2013): micro, meso and macro (figure 1).
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Figure 1. LETUS Design framework with division of different levels of context
Through the analysis of altogether 14 articles in the data, it was discovered that micro level
contextual aspects had been defined in all of the 14 articles, meso level in 10 and macro level in 8
research articles. These defined aspects from each article were then further analysed in relation to the
LETUS framework to increase the explanatory power of the contextual portion of the framework.
On the micro level, 11 individual factors affecting the micro level context were found from articles
(Table 2). Micro level factors cover four domains: physical, social, content and knowledge and skills-based
factors that influence the use of ICT in classrooms for learners and teachers. Physical context in these
studies focused on both the constraints and affordances offered by ICT. Social factors related to safety,
collaboration in the classroom and beliefs. Content factors included subject, content, age level suitability and
authenticity of the materials. Knowledge and skills based factors covered ICT competencies and teacher
classroom strategies. Out of all the micro level contextual factors, those that were subject-related were
discussed the most in the original articles, with 10 out 14 articles focusing on this aspect of context in
relation to the TPACK model.
Meso level factors were addressed in 10 out of the 14 articles analysed for this study (Table 2). There
were five meso level factors identified from the articles: Online courses, Teacher training, Experience based
knowledge, Informal learning and non-educational contexts and Collaboration outside the classroom. Online
courses were seen as one way teachers gained more TPACK related knowledge and skills. Teacher training
and the style of teaching the teachers had themselves received were mentioned as a contextual factor that
influences technology use in the classroom, in 5 out of 10 articles that had defined meso level factors.
Experience based knowledge the teachers had accumulated was also considered as one aspect that influences
their technology decisions. Two out of the fourteen articles also raised informal learning opportunities such
as video games and electronic books. Lastly, collaboration outside the classroom such as on- and offline peer
groups were considered to be parts of the meso level context factors affecting teachers’ technology decisions
and use.
On the macro level there were eight factors identified from the 8 articles that described macro level
contextual factors (table 2). Firstly, there were three theoretically based factors identified: models and
frameworks, theory and research knowledge and adaptation of models to suit the context. On the school
level, factors such as school values, teaching practices and the overall infrastructure of the school were seen
as having an effect on teachers technology use in classrooms. In the wider context also curricula (local and
national) and cultural and economic background were considered to influence contextual factors relevant to
teachers classroom practices.
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Table 2. Contextual factors in analysed TPACK articles
Context

Micro (classroom or learning
environment factors)

Meso (learning environments outside
the classroom)

Macro (societal factors that affect teachers
and learners)

Subject / discipline
Age level
Content area
Emotional and social environment
Skills and competencies
Affordances
Authenticity
Collaboration and knowledge transfer
Beliefs and tacit knowledge
Constraints
Teacher classroom strategies

Online courses
Teacher training
Experience based knowledge
Informal learning and non-educational
contexts
Collaboration outside classroom

Models and frameworks
Curricula
Theory and research knowledge
School values and expectations
Teaching practices and pedagogy
Adapting models to context
Cultural and economic context
Infrastructure

These findings from the three context levels (micro, meso and macro) were used to fortify the
structure and content of the LETUS framework. The framework (Table 1) was reorganised to better suit the
understanding gained from researching contextual factors from 14 TPACK articles and to fortify the
understanding the contextual intricacies and complexities relevant to designing learning software. Context is
seen as a category that adheres to all other aspects (learning, technology and content) of the framework.
Context as it now understood in the LETUS Design framework can be seen as a combination of four context
types in three levels of context (Table 3). Context types include individual, social, environmental and content.
These four types of context are utilised as a further categorisation to understand what types of contextual
features affect the design of learning technology. The further divide to three context levels support
understanding of both the immediate and further aspects of TPACK that affect classroom use of learning
technology and should therefore be integral parts also in the design process.
Table 3. Contextualisation matrix of the LETUS Design framework
LETUS Design
framework aspect
Learning

Technology

Context type

Micro

Meso

Macro

Individual

ICT skills
Learner related
Beliefs
Tacit knowledge
Age level
Teacher (classroom)
strategies
Competencies
Expectations (satisfaction)

Experience based
knowledge

Teaching practices and
pedagogy

Social

Collaboration and
knowledge transfer
Communication and
interaction
Emotional and social
environment

Collaboration outside
classroom (e.g. mentors)

Cultural and economic
context
School values and
expectations
Curricula

Environmental

Physical environment
Constraints (e.g. availability
of technology)
Affordances (technology
and contextual)
Immersion and flow

Online courses
Informal learning and noneducational contexts (e.g.
video games)

Infrastructure
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Content

Content

Content area
Structure and organisation
of content
Authenticity
Activity type specific
Subject / discipline

Teacher training

Theory and research
knowledge
Models and frameworks
Adapting models to context

Aspects associated with context in the previous version of the framework (table 1) have been
incorporated also into the revised LETUS Design framework. Out of the five features three, Satisfaction (as
expectations), Sociocultural relevance (as Cultural and economic context) and Immersion and flow, have been
included in the contextualization matrix (Table 3) and the other two, Applicability and Added value, have
been dissolved. The latter two aspects upon further analysis were seen as compounds of features from each
category being influenced by feature from all three levels of context. Therefore they have not been included
as separate factors into any specific category of the current matrix as they are broader categories
incorporating several of the other factors.

Conclusion
The focus of this paper was to present added insights and research based reiteration of the LETUS
framework, intended to aid in the design and evaluation of learning software products and services.
Through drawing on a background of previous learning software usability-related research, the ideas and
development of LETUS Design framework were illustrated. Significant developments in the model’s life
course were explained through detailing related literature and theories that not only account for the origins
of LETUS Design framework, but demonstrate the differences in conceptual understandings and
applications. Through understanding the context teachers use technology in additional design
considerations can be given to develop learning software that not only enables the product to be used in the
context, but also supports teachers who might still feel reluctant to integrate technology to their teaching by
providing them with solutions that are built for their needs.
The reinforced LETUS Design framework gives a greater understanding of the contextual aspects that
affect all learning technology but have not been defined to a satisfactory degree in relation learning
technology design. This work adds to the research in the field of usability and learning software design and
evaluation to offer deeper understanding of the complicated issue of context. However, practical and
empirical validation of the current framework needs to be concluded and as such the framework’s
contribution to current knowledge is mainly theoretical. Also, the current framework may require adaptation
and further elaboration of features to be used in practical settings through instrumentalization of individual
design aspects. Even though all aspects presented in the framework are relevant to learning software they
are not necessarily all the criteria that learning software needs to include. The definition of the set of basic
requirements for different types of learning technology requires more research and testing.
The LETUS Design framework enhances the understanding of formal educational context and
classroom practices to teachers and learners in schools. The indirect benefit of such efforts are gained by
teachers and learners alike who are increasingly able to access learning technology that better suits their
needs and context. The framework could benefit teachers and learners more directly, as teachers can also
gain understandings of the complex nature of contextual knowledge that affects their technology choices
and use. As such, the framework could be further developed to additionally suit the needs of teachers
looking for learning solutions in order to suit their context. This is due to the fact that LETUS Design
framework highlights the key considerations related to learning technology directly in relation to use
context.
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Introduction
English education at Japanese universities has historically focused mainly on teaching reading and
listening abilities, and activities focusing on writing and speaking abilities have not been taken up
comprehensively. In the global society, the demand for English that can be actually used in the real society
has risen. Furthermore, the university entrance examination reform will require evaluating four skills in
English. On the other hand, improvement of speaking has not been emphasized in university English
education. The reason for this is that English teachers are not confident in teaching speaking. There are no
useful teaching materials and they do not know useful teaching methods, either. As a result, classes
focusing on speaking have often been left to native speakers, but it is difficult for universities to hire a large
number of talented native speakers qualified for English language education in Japan. Therefore, in this
research, we introduce the development of the E-Learning system which can be used for English utterance
practice for improving speaking ability and its effectiveness.
The activities for speaking practice conducted in the English classes at Japanese universities are
mainly focusing on shadowing, repeating, and pair work between students. In addition, these utterance
activities are often dependent on native speakers. At the same time, one teacher has to deal with many
students, and the opportunity for utterance practice on one on one basis would be very limited. As a
solution to these problems, Sakamoto et al. (2017) proposed a conversation practice with Filipino teachers
using Skype, but this is also costly. There is also a problem that it is not approved as a regular curriculum
or qualified classes because of the teachers’ qualifications.
Currently, many E-Learning materials available are drill-type ones to improve vocabulary,
grammatical skills, listening, and reading comprehension. There are very few materials that are designed
for improving speaking ability. In order to improve speaking ability not only for Japanese learners, but also
for foreign language learning, it is important to increase the absolute amount of utterance practice on a
one-on-one basis. Even English teachers who are native speakers of Japanese would want to secure
utterance practice on a one-on-one basis, even if there are a large number of students. I believe that the
use of E-Learning materials is effective to provide learners with opportunities to practice English
utterances on one on one basis.
English Central can be used in university classes at the moment as E-Learning materials for
practicing speaking. However, a speech recognition engine named IntelliSpeech® only evaluates
pronunciation and cannot respond to learners. Furthermore, recently, the English learning websites and
teaching materials using the commercial AI are poor in quality. Their AI's ability is low, and they are not
suitable for university class uses.
In the English classes at Japanese universities, I think that it is necessary to implement speaking
activities with an AI-based system and such an E-Learning material can be qualified as regular classes. This
will help students acquire practical speaking skill in the end.
The major speech recognition engines such as Apple's Sir® and Google Assistant® of Google Inc.
have a high recognition rate for English spoken by native speakers. However, there seems to be a low

179

recognition rate for English spoken by non-native speakers like Japanese people. AI speakers with speech
recognition have also been useful for recognizing and understanding native speaker's speech in both
Japanese and English, but the recognition rate of utterances of non-native speakers is low. In this way, the
speech recognition technology has made remarkable progress, but it is good at recognizing the speech of
native speakers. However, the recognition rate of English spoken by non-native speakers like Japanese is
still low at present.

Study
In this study, with the cooperation of NTT Learning Systems Co., Ltd., Apple's Siri was used as a
speech recognition engine for experiments since it seemed to show relatively high recognition rate of
English spoken by non-native speakers, especially Japanese people. With regard to artificial intelligence,
the state-of-the-art IBM Watson® conversation response system used utilized and we developed an ELearning system Shikibu that helps Japanese learners practice English speaking. Because Shikibu uses Siri,
it is designed as an English utterance practice system that can be used only on iPhone and iPad. Lesson
structures are supposed to cover the questions to prepare for the TOEIC Speaking test.
When you start Shikibu, a menu screen is displayed. Tapping “setting” you can proceed to the
setting page to register user’s names and student ID numbers at the beginning of learning, "Lesson menu
link" is for progressing to the lesson, and "Progress" is to shift to the screen for checking the progress.
When you tap the lesson menu link, a menu screen for starting each lesson is displayed. Currently, only
four lessons are displayed because it is a prototype. In these four lessons, you can select and learn your
favorite lesson regardless of order. Select one lesson from the lesson menu and tap to display the menu in
each lesson (Fig. 1). In each lesson, there are six sections. 1. Read Text Aloud, 2. Word and Phrases, 3.
Describe Picture, 4. Respond to Questions Using Information Provided, 5. Respond to Questions, 6. Review.
In the Read Text Aloud section, the displayed text is read aloud by an artificial voice. It is possible
to practice pronouncing in accordance with the voice and shadowing. Word and Phrases is an exercise to
learn words and idioms presented in the lesson, and multiple choice type questions with four choices are
asked (Fig. 2). Voices which read out example sentences can be heard after answering questions, and you
can learn pronunciation as well as vocabularies.
Describe Picture is a question for practicing utterance which requires the learner to explain the
content of the displayed picture in English. The speech recognition by Siri is used. Siri listens to the English
spoken by the learner and displays it on the screen with letters (Fig. 3). The content of the utterance is sent
from Siri to Watson which processes the utterance, creates a response, and answers. Responses mainly fall
into three categories: a correct answer, an incorrect answer, and a reaction which indicates that speech
could not be recognized. In Respond to Questions Using Information Provided, Siri asks questions about
the information in the chart for the purpose of testing the understanding of the displayed charts, so it is a
form of speaking in English and answering it (Fig. 4). Likewise, as for Respond to Questions, since Siri asks
questions about the information in the photos and charts for checking the understanding of the displayed
pictures and charts, you are required to speak and answer in English. Review is for checking what you have
learned in the lesson. From these exercises in the six sections, you can practice the utterance necessary for
preparing to take the TOEIC Speaking test by using the speech recognition engine Siri and artificial
intelligence Watson. If you own an iPhone or iPad and have the Internet connection, you can use it anytime,
anywhere.
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Fig. 1 Lesson menu

Fig. 2 Word and Phrases

Fig. 3 Utterance Practice

Fig. 4 AI is speaking

Findings
In this research, an experimental study was conducted among freshmen of a Japanese university
who were all computer science majors. They were asked to practice English speaking using the Shikibu
system. The study aimed at verifying the effectiveness of Shikibu as an E-Learning material for English
speaking practice. As a verification method, we selected and asked 26 subjects and they voluntarily studied
with Shikibu during the summer vacation of three months (from July to September, 2017). At the end of
the experiment, we analyzed the effectiveness of the system, asking impressions and reactions through the
questions on the Internet on the Google questionnaire form.
In the questionnaire, questions were divided into five major categories, and the answers were
analyzed. Question classification was based on 1) about English learning, as questions about the English
ability of the subjects, 2) about Shikibu functions, asking about the effectiveness of Shikibu, 3) about Shikibu
contents, 4) about the features of an English conversation application using AI, and 5) about the future use.
In the questions about English learning, in response to the question “Is your English proficiency
high?” 58% responded “no” and 27% said “rather no.” Therefore, the total of 85% of the subjects thought
their English proficiency level is not high. This response indicated that most of the subjects believed that
are not very good at English. (Fig. 5)
As for the question, “Are you confident in the four skills in English?” about 46% of them thought
that they were not confident in their listening or speaking skills, and none of them think thought they were
confident in speaking. Only 15% of them responded they are somewhat confident (Fig. 6).
As for the skills that they would like to improve, we put a question, “which four skills would you
like to improve?” 73% of yes and 27% of somewhat yes and the total of 100% answered they would like to
improve listening skill. About speaking skill, 69% responded yes and 23% somewhat yes and the total of
92% responded affirmatively (Fig. 7). These results reflect that the most subjects would more like to
improve their listening and speaking skills in English than reading and writing skills.
From these facts, as a feature of the subjects for this study, it is fairly clear that the majority was
those who were not good at English and did not have confidence in speaking, but they would like to improve
listening and speaking skills.
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Fig. 6 Are you confident in the four skills in English?

In the question category about the functions of Shikibu, we asked the question, “did you find the
application using AI interesting?” 23% of the subject answered “yes,” 38% “somewhat yes,” and 31% “a
little,” and so the total of 92% and that they were interested in an English conversation application using
AI. Therefore, very high percentages of the subjects found an application for English conversation practice
using AI was interesting (Fig. 8).
Interest in an app with AI?

Skills you want to improve?
Listening

73

Speaking

69

Reading

23

65

Writing
0%

27

27

58
20%

40%

60%

0

80

80

34

80

80%

100%

8%
23%

Yes

Strongly yes

somewhat
yes

31%

Somewhat yes

rather no

a little

No

38%

No

Fig. 8 Did you find an app using AI interesting?

Fig. 7 Which four skills do you want to improve?

As to the question about evaluations on Shikibu, several questions were asked to find out if Shikibu
was effective. In the response to the question, “did you enjoy practicing English conversation through
Shikibu? 61% felt it was fun and they enjoyed (Fig. 9). As for the question, “did you feel achievement after
practicing English conversation through Shikibu?” 69% felt a sense of accomplishment (Fig. 10). For the
question, “did you find Shikibu effective?” 80% felt effective (Fig. 11) while 61% felt satisfying as for the
question, “did you feel satisfied?” (Fig. 12) For the question, “did you find the English spoken in Shikibu
natural?” 69% felt it was natural even though Shikibu uses Siri and its voice is artificially composed (Fig.
13). The majority of reactions were positive and affirmative.
To sum up the results, the radar chart was composed for the responses to the five questions about
the functions of Shikibu; enjoyment, achievement, enthusiasm, effectiveness, and satisfaction. The total
scores were calculated based on the score scale of 4 point category; 2 points for yes, 1 for somewhat yes, 1 for rather no, and -2 for 2. The scores for each question were as follows; enjoyment 10 points,
achievement 11 points, effectiveness 17 points, satisfaction 6 points, and enthusiasm -10 points (Fig. 14).
Only the score for enthusiasm was very low, but those for the other questions were relatively high. This
result seems to indicate that the subjects found the Shikibu system very effective, fun to study with and
they felt achieved and satisfied when they had completed their study. Some of the reasons for the low score
for enthusiasm may lie on the unfamiliarity of TOEIC Speaking Test among the subjects and the difficulties
of the questions. We may be able to improve the enthusiasm scores if we change the contents of the future
products.
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Fig 13 Did you feel English spoken in Shikibu natural? Fig. 14 Radar chart of the points for Shikibu functions
Many Japanese learners often have negative feelings to speech practice in English because they feel
embarrassed in speaking in English and are not confident. However, about the features of an English
conversation application using AI, 85% answered that "they felt less resistance to speaking English," and
92% answered "they were not embarrassed to make mistakes" (Fig. 15). With practicing English
conversation with E-Learning material using AI, we can expect that students will get out of such negative
impressions, make progress, and gain confidence in English conversation with autonomy.
Asked if this English conversation practice with AI matched their learning style, 19% of the
respondents said yes and 62% told somewhat yes (Fig. 16). The total of 81% of them thought the
conversation practice with AI somehow matched their learning style and they would like to engage in this
kind of English learning exercise.
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Fig. 15 Good features of practicing conversation with AI

Fig. 16 Does the practice match your learning style?

Conclusions
By practicing English conversation using this Shikibu system, learners will be able to practice
English utterance on a one to one basis with low cost and anytime and anywhere. Also, they can practice
without any partners and feel less resistance to speaking English. They do not feel embarrassed even if
they make mistakes, and they can repeat many times. By further developing this system, enhancing the
performance of speech recognition, and further improving to a system for making easy to use, it is expected
that it will contribute to improving speaking proficiencies of Japanese students of English.
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Introduction

For this project we were interested in exploring if deep learning along with the addition of textual
data would improve the accuracy of predicting which students, in a self-selected group of online high school
courses, would be identified as at-risk for failure at the eight week mark of the semester. Deep learning (DL)
techniques combine reinforcement learning with deep learning, a new approach to finding patterns in
enormous data sets. In general, predictive models using traditional educational data mining (EDM) need to be
highly customized to achieve accurate results. They are dependent on the unique contextual factors in
educational settings. DL techniques offer new possibilities to not only improve the accuracy of prediction
models but to also make generalization possible across different contexts. Although we were able to confirm
an advantage using text mining along with DL over more traditional models of EDM, we discovered challenges
in finding meaningful interpretations of our findings.

Educational Data Mining
Educational data mining (EDM) is a subfield of data mining, which has been in use for decades. EDM is
considered part of or adjacent to the study of learning analytics (LA) (Baker & Inventado, 2014; Dyckhoff,
Zielke, Bü ltmann, Chatti, & Schroeder, 2012; Elias, 2011; Papamitsiou & Economides, 2014). In EDM the
design of algorithms defines what will be collected and, often, how it may be used. Different theories of
algorithmic deployment have sprung up for testing and discussion, particularly as the quantity of data
available has increased. One challenge with EDM studies is their reliance on contextualized models for
accuracy. In every case, a model is trained based on the specific context of the institution, course or program.
In fact, the U.S. Department of Education (Office of Educational Technology, 2012) has called on the research
community to develop EDM models that could be repurposed in other contexts. Gasevic, Dawson, Rogers and
Gasevic (2016) argue that there are no models that can accurately predict student performance without
taking into account the context of the individual course, specifically how the technology is used as well as the
disciplinary differences. Their findings revealed that out of nine different courses from four disparate
disciplines studied, no identical predictors of student success were found.

Text Mining
Data mining, for the most part, has historically centered on structured data: those items that can be
easily categorized and manipulated (i.e. clicks, demographics, attendance or logins, etc.). However, the body of
a text message or discussion post exchanged in an online course presents a challenge in that it is unstructured
and not easily analyzed using traditional data mining methods. Text mining is an approach that can make
sense of unstructured data and there is support for its use in enhancing the predictive power of data mining
models (Pennebaker, Chung, Frazee, Lavergne, & Beaver, 2014; Sorour, Kazumasas, Tsunenori, 2017).

Deep Learning
Machine learning (ML) uses algorithms and models in an iterative process to learn from data. DL, a
subset of ML, is an area of study that applies research on neural networks and data mining in which a
computer teaches itself to recognize patterns in digital representations of sound (think Siri and Alexa), images
(face recognition), and text (auto translators). The term “deep” means the neural network consists of multiple
layers with many neurons in the individual layers. DL architecture is suitable for dealing with complex
predictive problems that have large amounts of input variables, such as facial recognition or image
classification. However, it might not perform well when analyzing smaller data sets with a limited number of
input variables.
In an early precursor to DL, Sebastiani (2002) surveyed the existing work on ML and its advances at
the end of the twentieth century. He noted that previous machine categorization of text tended to need human
intervention in developing categories or filtering mechanisms, know as “knowledge engineering” (KE) (p. 9).
KE was effective but took too much time. However, using ML techniques, the initial filtering algorithm could
be adapted by the machine itself over time to create new categories for sorting. Thus the major human effort
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would be not toward creating categories but toward building a machine that could learn to create categories.
Increasingly sophisticated theoretical models have enabled an increase in accuracy for text categorization
(TC) through ML methods, making its analysis on par with human experts, though the process takes a fraction
of the time (Sebastiani, 2002). This would also allow experts to spend time more efficiently as last-stop
evaluators instead of front-line readers and classifiers.
By 2015, Schmidhuber wrote that these early attempts at ML had been surpassed by the development
of neural network learning, where powerful computers made often nonlinear connections and activations
across webs of processors (neurons). These connections could be shallow, when few neurons or connections
were involved, or deep, when entire networks across multiple layers were engaged. As neural network
learning gained attention through winning pattern-recognition awards, they moved to the forefront of
research into ML. The advance of DL has been such that within just ten years, neural network stacks went
from digital pattern recognition below one percent to being able to outscore human experts in analysis of
digital radiology images containing over 10 million pixels (p. 24).
This swift increase in sophistication has led to investigations of how machines’ deep learning might
be used to improve human learning. As online courses often involve written output from students, applying
DL techniques in the analysis of textual data taken from online discussion forums may provide an opportunity
to improve the accuracy of models used to predict which students will be successful and which students will
be at-risk at the eight-week mark in the semester.

Data Collection and Analysis Methods

Data were collected from online courses offered through a K-12 virtual school located in the northern
United States. The major data sources for this project included: (1) student behavioral data, (2) student
demographic data, (3) textual content (student discussion posts). The Blackboard server logs for this study
contained courses in the 2014-2015 and 2015-2016 academic years and resulted in the following raw data
and data after cleaning:
● 2014-2015: 6,941,962 logs (6,701,434 logs after initial cleaning with 5,928 students in 337 course
sections)
● 2015-2016: 8,370,351 logs (8,249,934 logs after initial cleaning with 6,941 students in 343 course
sections)
In order to provide a manageable level of data for collection, processing, and analysis in this
exploratory study, the number and type of courses were limited. A total of 76 unique courses were selected
from 2014-2015 and 67 unique courses from 2015-2016. The following SQL codes show the range of courses
that were selected for this project:
course_name like '%History%' or course_name like '%logy%'
or course_name like '%chem%' or course_name like '%sci%'
or course_name like '%econ%' or course_name like '%phys%'
or course_name like '%gov%' or course_name like '%omy%'
or course_name like '%civics%' or course_name like '%space%'
or course_name like '%graphy%' or course_name like '%philoy%'
or course_name like '%culture%'
SAS Enterprise Guide analytics application was used for LMS log data processing of behavioral and textual data;
SAS Enterprise Miner and Python + Tensorflow were used for model training and machine learning analysis. The
behavioral data were extracted from the Blackboard activity accumulator and textual data were extracted from
blackboard discussion forums. In the first round of data cleaning, all behavioral data were aggregated by categories
defined by Blackboard. A unique ID combining student ID and course ID were used to link all three types of data
sources together. In order to enhance the model’s generalizability, all behavioral frequencies were converted into
relative values. Finally, since an extended goal of the EDM was an early warning prediction model, all input
variables were computed from the beginning of the semester to the the end of the eighth week in each semester.
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Dimension Reduction

In order to avoid the curse of dimensionality, courses were consolidated using three exploratory
domains including: 1) discipline, 2) enrollments (class size), and 3) offering type. The domain of discipline
was derived by grouping courses from similar disciplines. For example, American History 1A and American
History B were grouped into the “history” discipline. Offering is a derived grouping of courses based on how
and when a course was offered. Four groups were derived including: AP (advanced courses), S1 (first
semester offering), S2 (second semester offering), and O (no distinguishable offering). Finally, courses were
grouped by the number of enrollments. En1 designated a course with 0-20 enrollments, En2 a course with 2175 enrollments, En3 a course with 76-200 enrollments and En4 a course with greater than 200 enrollments.
As a general rule, we used major breaks in enrollment patterns to guide our enrollment category indicators.

Text processing
In order to test whether text posted in discussion forums by students was an important predictor or
might have an impact on prediction accuracy, all textual content was converted into vectors. We parsed
individual students’ textual discussions into terms then utilized a dictionary to code student’s textual content
terms into a large matrix. The singular-value decomposition (SVD) is a common approach to factorize a
complex matrix. This approach has been widely used to extract important content features or group similar
content into clusters. Forty-two features were extracted to represent unique characteristics of student’s
textual content in the vector space These features worked as part of the input variables with behavioral and
demographic data in the predictive modeling. These textual features were combined with behavioral and
demographics by the unique ID (student ID+courseID).

Early Warning Signals from Discussion Content
The textual feature analysis indicated that SVD 6 was an important feature for identifying at-risk
students (Rules 3-5 and 3-6 above). In other words, based on the branches, it appears SVD 6 below a
threshold of -0.0605 is an early warning indicator for identifying at-risk students. Therefore, we extracted the
textual contents that met this threshold. When looking at the extracted raw textual data we were able to
determine that successful students (those above the threshold > -0.0605) were all enrolled in the Government
class while at-risk students (lower than the threshold < -0.0605) were enrolled mostly in the Civics class.
Additional variables including those we derived from domain categorization (discipline, offering, and
enrollment) were incorporated into the analysis to further examine why SVD 6 might be an early warning
predictor. The results are illustrated in the tables below using a percentage rate of 40% for students meeting
the at-risk SVD 6 threshold, along with accuracy and recall rates for each:





First semester courses
Courses with enrollments less than 20
Courses in the History, Geography and Political Science disciplines
Specific courses with very high at-risk percentages included Civics, History, and Chemistry. These
courses also triangulate with the offering and discipline domain categorization results. Accuracy and
recall rates are not available for individual courses.

Further investigation into the reasons behind the SVD 6 significance as an at-risk predictor included
examining the textual content for clues. One conjecture was that age was a factor in writing ability. Successful
students were all enrolled in the Government class while the at-risk students were enrolled mostly in the
Civics class, which tends to be a class that is offered earlier in high school and is not as advanced as
Government. Also, older students (or even all students) taking the Civics class might already be at risk and
thus demonstrate lower writing ability (they may be taking the class for credit recovery vs. voluntary
enrollment in an advanced Government class). However, in our analysis students’ ages did not show
significant differences between high SVD6 (> -0.0605) and low SVD 6 (< -0.0605) students. It should be noted
that the age data included numerous input errors that we were not able to eliminate.
On a completely exploratory investigation, we conducted an examination of the words within the
textual content using the Linguistic Inquiry and Word Count (LIWC) function word analytic tool (Pennebaker
et al, 2014; Tausczik & Pennebaker, 2010). The premise behind LIWC is to focus on how students think rather
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than on the meaning of what they write. In short, LIWC is a tool used to count the use of function words in
student writing samples. Function words have been shown to be reliable indicators of psychological states.
For example, pronoun use is reflective of a focus on one’s self, auxiliary verbs suggest a narrative style of
language usage, articles are associated with concrete and formal writing and prepositions are associated with
cognitive complexity (Pennebaker, et al, 2014, p.2). In general, text that is heavy in prepositions and articles
demonstrates a “categorical” language style indicative of heightened abstract thinking and cognitive
complexity. Text containing a greater use of pronouns, auxiliary verbs, adverbs, conjunctions, impersonal
pronouns, personal pronouns and negations, is associated with a more “dynamic” language style (p. 6). The
use of categorical language styles has been consistently linked with higher academic performance, while
dynamic language has not (Pennebaker, et al, 2014; Robinson, Navea, Ickes, 2013).
The 2015 iteration of LIWC (Pennebaker, Boyd, Jordan, & Blackburn, 2015)
(http://liwc.wpengine.com/) contains 90 output variables, including predetermined dimensions, singular
function word categories (i.e. pronouns), punctuation, grammatical, mechanical, and other measures to
choose from when analyzing text files. Since this was our first foray into the LIWC universe, we limited the
results of our text analysis to eight dimensions and measures including word count, analytic, authentic, words
per sentence (WPS), six letter words, function words, pronouns, and cognitive process. These dimensions and
measures were chosen based on our best guess as to what might help us determine the meaning behind the
SVD6 feature.
When we added the LIWC results to our predictive model, our findings indicated that indeed,
successful students (in this case all students in the successful group were enrolled in the Government course)
used more words that were analytic vs. those in the at-risk group, which showed the use of more authentic
words with greater use of pronouns (indicating more of a focus on themselves vs focus on the content being
discussed) (see Table 1). Conjecturing again, the LIWC analysis also showed a much greater word count in the
successful group, that along with the analytic focus of that group may be an indication of higher level thinking.
Either the course itself requires a higher level of writing skill or the students within that course may exhibit
higher level thinking and writing ability.

Table 7: LIWC analysis results across eight dimensions.

Word
Count

Analytic

Authentic

WPS

Six
Letter
Words

Function
Words

Pronoun

Cognitive
Process

SVD6
at-risk

149452

51.75

21.17

2197.82

18.44

55.84

14.75

15.08

SVD6
successful

216534

82.87

17.28

1691.67

25.36

50.31

10.64

13.27

Discussion

We were interested in exploring the potential of DL combined with textual data in improving the
accuracy of predicting at-risk students at the eight week mark in the semester. We found that DL performance
was slightly better than the best model (SVM with Polynomial kernel). In other words, the inclusion of textual
content improved the overall predictive accuracy in identifying at-risk students. Although the percentage was
a relatively small increase in prediction power when using DL, this increase adds an additional element of
accuracy in our efforts to use data to support learners, and in particular, at-risk learners. Perhaps the most
important finding was our ability to achieve accurate prediction power with a relatively high level of
generalizability and stability. The question of generalizability is important because it may allow us to use the
model across different contexts. Further testing will be needed to prove this out.
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In addition to an increase in predictive power, we used a surrogate model analysis to assist us in
further understanding the DL results. The SVD 6 feature was identified as an important feature for identifying
at-risk students. We tried a variety of approaches in examining the raw text from this feature and discovered
some commonalities: successful students (those above the threshold > -0.0605) were all enrolled in the
Government class while at-risk students (lower than the threshold < -0.0605) were enrolled mostly in the
Civics class. Further analysis of the SVD 6 threshold predictor revealed that first semester courses, courses
with 20 or fewer enrollments, and courses in the disciplines of History, Geography and Political Science all
demonstrated larger percentages of predicted at-risk students. Although a variety of meanings might be
attributed to the underlying cause of this textual feature being identified as a significant predictor in the DL
analysis, at this point everything is conjecture. It’s importance may come into play in the support or
intervention stage.
We will continue exploring the DL model that resulted in an overall prediction accuracy of 89%, a
prediction accuracy of 92% in identifying successful students, and a slight increase in the accuracy of
predicting at-risk students. Even just 1% additional predictive power is worth the extra effort of DL. Further
research should include a larger data set to test whether the model will change with other domain
differentiations, if the accuracy might be improved, and if generalizability can be advanced. For example, even
though it is more challenging, generating relative frequency across courses improves generalizability.
Deriving relative frequency across the limited courses to which we had access required extensive code.
Deploying across an entire institution would be very complex. However, there are other ways we can test for
generalizability. We could compare results with data from another set of course categories or domains, or
compare with the entire set of course offerings. Finally, we will continue research with the inclusion of text
mining. Other areas of new research in text mining may offer further prediction power including the work by
Pennebaker, et. al (2014) in using function words as a predictor of success.
Although there are some definitive results from this study, educational data mining begins with data
selection but results in the development of predictive models that require an iterative revision process to
perfect (Davies, et. al, 2017). This initial exploration has added the additional element of textual content to a
deep learning approach. The results indicate a positive result for this approach in educational data mining.
With further testing of the model, including expanded course offerings, the inclusion of other data for
triangulation, and real-time analytics such as time series analysis, we believe this approach would lead to a
highly accurate predictive model that would support an early warning system for at-risk learners.
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Introduction
The role of motivation in second language acquisition (SLA) is an area of longstanding inquiry and
exploration. Questions of language usage in general have never been simple, as language acquisition is
contested terrain (Schmid, 2001, p. 177), subject to political, social and wider environmental considerations.
Additionally, language learning has long been represented as a subject somewhat distinct from others, with
communal affect and considerations of social and ethnic identity playing central roles, considerations not
always found explicitly in SLA motivation research (Noels, 2014, p. 88). In this article, the author provides a
brief history of motivation in second language acquisition, including the prominent theories and explanations
posited for motivational orientations in SLA. Following this, the author introduces the case of minority
languages, and the language of his study, Irish as an example of those that are lesser spoken, and the position
of these languages, often either without tangible communities or spatial presence, within existing theoretical
frameworks. With the rise of global English (Crystal, 2003, p. 10), the position of large numbers of minority
languages is becoming increasingly precarious. The author then explores the specific case of the Irish language
and the intriguing numbers demonstrating interest in learning it using digital means, and will examine both
identity and heritage as filters. The author explores the explanatory potential of an Ideal-L2 self-system within
his study. Finally, the author considers the potential opportunities for research afforded by technological
changes and the importance of theoretical exploration of minority languages for his study.

Motivation in SLA - A Brief Outline
Motivation in SLA is a topic of longstanding concern, and has gone through several periods of redefinition and
re-examination. This interest has been driven primarily by evidence, both in theory and practice, that
motivation is correlated to a variety of ‘good’ language learning practices (Oxford and Shearin, 1994, p.12),
and may be a central variable in successful SLA. In a comprehensive history of the topic, Dörnyei and Ushioda
(2011) sketch the gradual change within the field, initially focused upon a social-psychological theory
articulated by Gardner and Lambert (1972), in a Canadian context, to one which gradually incorporated
broader cognitive psychological theories such as Self-Efficacy (Bandura, 1977, p. 193) and Self-Determination
theory (Deci and Ryan, 2000, p. 68), and has then further evolved to consider contextual, temporal and
process-based perspectives respectfully. Gardner and Lambert’s landmark contribution is the concept of
integrativeness, the idea that learners are motivated to join a community or interest in the adoption of its’
practices and customs through positive disposition and identification with said group. This is contrasted
(though is not a dichotomy, they are often inter-correlated) with instrumentality, language learning which is
undertaken for pragmatic purposes, such as an immigrant moving to a new country. These theories have
proved highly influential and form a bedrock of SLA motivation research since inception, though they have
been questioned in recent times, for being perhaps too specific to the Canadian environment the research was
conducted in (Taei and Afshari, 2015, p. 610) and potentially lacking explanatory power with the rise of global
English, a language divorced in many learner’s minds from any one community or context (Coetzee-Van Roy,
2006, p. 437).
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Cognitive theories, the second wave of SLA research, are concerned primarily with internal mental processes,
such as Bandura’s ‘Self-Efficacy’, which places a great deal of emphasis on learner self-conception, and that we
are fundamentally ‘rooted in the core belief that one has the power to produce effects by one’s own actions’
(Bandura, 2001, p. 10). The implication is that learner self-belief is a critical consideration, and that
motivation is essentially a by-product of this belief. Similarly, ‘Self-Determination Theory’ emphasises the
need for learner autonomy and the dynamic interplay between the external world and how we process it: that
humans are naturally intrinsically motivated, inquisitive beings, and that variance in motivation could be
explained in many cases by a perceived internalisation of many of our goals, this being a dynamic process
(with varying degrees of success) which leads to the incorporation of socially and personally desirable
outcomes and values. These theories all have in common a tendency to articulate motivation as what Bodnar
et al (2014, p. 188) term global motivation, motivation as an underlying trait, somewhat stable and predictable
in the face of varied environments or tasks. This does not imply context is irrelevant or divorced from all
purpose in them, but that motivation is somewhat constant and akin to an ‘individual difference’ (ID).
Many other theorists have focused on a more contextual view, such as Ushioda’s ‘learner in context’
conception (2009, p. 218), arguing it may be very difficult to use global, general measures to explain
motivational considerations, a fundamentally localised, individualised phenomenon, which is mediated
through social processes. Accordingly, the most promising direction for motivational research to go in based
on this theory is towards practice-based research, emphasising classroom and learning environments as fields
of study, rather than more global, statistical conceptions of learner motivation. Many other theories, such as
Dörnyei and Otto’s Process Model of Motivation, are temporally based (1998, p. 48), and focus on the way
motivation varies within a task (including before and after ‘task engagement’), ebbing and flowing at various
points. This particular model, when published, also included a notable critique of ‘reductionist paradigms’ (p.
44), namely those that seek to summarise motivational orientation using a small or limited number of core
variables, and a call to move towards a more fluid process, with complicated decision making at many stages.
Further developments have included the application of complex dynamic-process theory, with motivation as
being mediated in a complex web of changing actions and priorities, also with a heavy temporal bent
(Waninge, Dörnyei and De Bot, 2014, p. 707). These theories share in common a focus on a situated (Bodnar
et al: 190) view of motivation, as being difficult to divorce from the context and environment a learner is in,
which deeply shapes the learner’s motivations.
A notable theoretical advance that has been proposed relatively recently in the field is that of the ‘Ideal L2-Self
system’ (Dörnyei, 2005). This serves as an attempt to marry SLA motivation, an historically somewhat distinct
field, to advances in broader motivational psychology, based around Markus and Nurius’ conception of ‘Ideal
Selves’ (1986, p. 962) as well as Higgins’ ‘Self-discrepancy theory’ (1987, p. 320). The theory of an ideal self
suggests that people have in their minds images, often vivid and lifelike, of their future selves. When welldeveloped, these images can act as powerful motivators, and can be either positive (Ideal), suggesting that
which they wish to become, or negative (Ought-to), that which they fear becoming. Examples of a positive L2
self-image may be a Spanish learner imagining himself conversing on a beach in Cancún, while a negative L2
version could be a Korean immigrant in New York vividly fearing for her future job prospects if she is unable
to converse in grammatically correct English. Self-discrepancy theory is concerned with goal creation and
maintenance i.e. that individuals are motivated to correct discrepancies in our self-image, provided the goal is
realistically attainable. Combined, these two would point towards a language learner as being motivated not
necessarily by a notion of integrativeness (though this is equally not precluded) but perhaps by an image of
future self-usage as guide, both positive and negative.
The research on this notion is now well-established, and much is promising (Taguchi, Magid and Papi, 2009)
(Ryan, 2009, p. 120) (Dörnyei and Csizér, 2006), while the specific implication of this theory for minority
language learning, particularly that undertaken at a distance, is also intriguing (see below). There is a
tendency within the field, however, to focus largely on a handful of languages, and one particular metaphorical
elephant, that of English, which a recent analysis was found to make up nearly three-quarters of all SLA
motivation research (Boo, Dörnyei and Ryan 2015, p. 151). What of minority or lesser-used languages, and
their potentially somewhat differing considerations?
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The Role of Minority Languages in Existing SLA Motivational Theories
Minority languages within the field of motivation, have thus far tended to be researched in a manner that
Leeman and King (2015, p. 211) have described as ‘marginalised, underfunded and often an afterthought’.
There are good theoretical reasons why this must change, including those outlined by Boo, Dörnyei and Ryan
(2015, p. 156), relating to the potential bias of theory which is overwhelmingly conducted solely with regards
to the English language; can theoretical constructs that have not been adequately examined in non-English
contexts be generalised? In many respects, such as those of global dominance, ubiquitous utility and
decontextualized community (Pavlenko and Norton, 2007, p. 591), English is an exception to every rule that
could be applied to all other languages. Equally so, do existing theories prove plausible when examining
languages that are not spoken by large groups of people, or those who speak a language under social and
wider ecological pressure, itself likely a huge variable in decisions to learn or indeed to not learn? The wider
marginalisation of minority languages has long been remarked upon (GEM, 2015), including within the
discipline of linguistics itself (May, 2009, p. 255). Some languages are legitimised and have had their utility
unquestioned, perhaps due to what Bourdieu termed differences in ‘symbolic power’ (1977, p. 79). This
unequal legitimisation process has a knock-on effect on those languages with weaker ‘symbolic power’, which
have often struggled to define themselves in relation to stronger, majority languages, and to articulate their
value in a world placing not just more symbolic but crucially also material and economic salience upon
dominant languages. These cultural inequalities are surely significant, and many of the ‘victims’ if such can be
said to exist, of the rise of language globalisation (with a single global language, English) (Dörnyei, Csizér and
Németh, 2006, p. 9) have been minority languages, with minority language speakers occasionally even
represented as having a disability, creating a perceived dependency for resources from ethnolinguistic
majorities (Cavallaro, 2005, p. 575), or beliefs that an end has come to any practical purpose to learn a
minority language, as a link between language and identity is broken (Fishman, 1994, p. 76).
The explanatory power of existing theoretical constructs relating to motivation must be explored in greater
depth in a minority language context because of this process, in the author’s view. On Gardner’s theories of
integrativeness, minority languages often have weak communities and face significant pressures to maintain
presence in physical space, sometimes quite literally, as visible in frequent disputes over issues as
fundamental as road signage (Bruyel-Olmedo and Juan-Garau, 2014). If there is a limited or declining social
community in which to integrate, the question learner desire to ‘join’ said community is open to
interpretation. Integrative orientation remains a highly salient instrument however, as a descriptor of the
potential affective and communal considerations of motivation to learn a language, particularly when a
community is very well defined and is a perceived ‘owner’ of a language (Al-Hoorie, 2017, p. 6). Topical
examples such as Catalan would stand out in this regard, with a political, legal and affective community
possessing strong, indeed central, linguistic self-consciousness (Woolard, 2014, p. 20). In contrast, notions of
instrumentality often appear somewhat diffuse in relation to languages which are under strain and in decline
outside of specific contexts, where a weakened community may fail to provide any material reason to learn a
specific, besieged minority language. Indeed, the lack of an instrumental drive could serve as an explanation
for language shift within minority language communities.
These reasons, of shifts in relative linguistic power, questions of communal ownership as well as scrutinising
the explanatory power of existing SLA motivation research show the vital need for more research exploring
the motivations of minority language learners, and in particular, the intriguing example of those who Ryan has
pointed out (2005, p. 23) ‘are expending extraordinary efforts to learn a language that holds out little
immediate prospect of material reward and offers scarce opportunity to establish direct contact with its
speakers’. Remarkably, the number of learners who fit into this category is likely extremely large, making up
perhaps the majority of English L2 learners worldwide, and surely a large number of minority language
learners. With the gradual rise of distance learning, a less structured (often in-pocket) learning process and
many learners now learning in environments outside those of a traditional language classroom or immersive
course, existing foundations must account for highly motivated language learners in unusual or novel online
environments. Closely related is the trend of learners in many cases now serving as something closer to
consumers than traditional students, and with wider individualisation than had been possible until now
(Pegrum, 2014), placing modern language learning in something of a flux (Blin and Jalkanen, 2014, p. 149)
(Swain, 2006, p. 98).
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The Case of the Irish Language and the Rise of Distance Language Learning
This fusion of shifting learning platforms, a general lack of focus on non-English contexts and in particular
minority language considerations has created a significant theoretical gap and exploratory space. Of relevance
is the increasing evidence of just how many potential learners are present in this aforementioned space. There
are over 3.9 million Irish learners now registered on the Duolingo platform, with a prior news report
suggesting ‘half in the US, a quarter in Ireland and the remainder spread across the UK, Canada and the rest of
the world’ (Duolingo, 2018). This is a not insignificant number of people, and considerably more than the
slightly fewer than two million people who claim to be able to speak Irish on the island of Ireland (CSO 2017)
(NI Census 2011). It further suggests learners of the Irish language, or at a minimum those who have
expressed an interest in becoming Irish speakers, as being both less temporally and spatially bound than ever
before. Additionally, it suggests a remarkable potential to develop new communities of Irish speakers. A
central consideration relating to motivation in distance minority SLA, is two-fold: what are the motivational
considerations or orientations of those who sign up to these apps or platforms? Could these be construed
along an instrumental or integrative paradigm, or are learners in distance environments likely to show
conflicting and perhaps far less developed motivations? It is highly likely the bulk of these learners display
low ‘investment’, as articulated by Norton (1995, p. 17). A further question that follows directly is what are
the actual depths of these motivations, in the sense of a desire to master or achieve proficiency in a language?
Is speaking the language fluently a conscious goal, demonstrable through behaviour and with an active desire
to achieve these goals? Is there a genuine effort to learn the language, or can this be considered a phenomenon
related to an increasingly casualised, consumption-based model of education (Kress and Pachler, 2007, p.
140), with apps and web-tools serving as a potentially highly useful but ultimately shallow experience?
It has been confirmed most learners on Duolingo have not, and will not, become proficient in the language
they study, with Irish near the bottom in terms of acquisition (Ó Coimín, 2017), yet a final thought does stand
out, what of those who have completed, proportionally small though they may be? Understanding these
motivations could provide a highly valuable insight to Irish (and other minority) language educators as to
distance learner perceptions of the language, their hopes and dreams, and what specifically motivates these
learners to exert effort and time learning it. The following theories are considered, firstly on explaining those
of Irish descent who may display interest.

Identity and Heritage - The Irish Language’s Potential Affective Importance to those of
Irish Descent
The Irish language’s present status within Ireland is a topic of some debate, but is generally considered to
some degree endangered (Carnie, 1995, p. 1) (UNESCO). In a wider context, however, many features of the
Irish language stand out as quite unusual: The language was, until relatively recently, a predominant, if not
dominant, language on the island of Ireland (Mac Giolla Chríost, 2005, p. 91). It is also the language that was
spoken by many immigrants whose descendants form what is proportionally quite possibly the world’s
largest diaspora. These factors raise the importance of cultural identity and in particular heritage as
motivational factors; many learners that are found on new, digital platforms appear to be located in Englishspeaking countries and may well have Irish descent. Most of these learners will also, in all likelihood, have
never been in contact with an Irish speaker in person or perhaps even in any sense.
The intersection between ethnicity, identity and language are highly complicated and fraught, yet much has
been written on the specific phenomenon of Irish diasporic identity and many cultural theories have been
considered, such as Irishness in America as a ‘symbolic ethnicity’, in which cultural signifiers like dance and
language are used as differentiators once a group has assimilated fully into a society (Gans, 1979, p. 8). This
theory was applied not to the Irish alone, but also Italians, Jews and other historic ‘ethnicities’. Essentially,
these cultural objects serve a latent identifier, that do not conflict with everyday integrated life or self-image
but can still be viewed as a central expression of one’s historic or ethnic identity. An interesting consideration
is that this can continue for many generations beyond a family, suggesting first-hand experience of the rituals
and traits of a culture is not a requirement for positive ethnocultural affinity and for one to view an historic or
heritage language as one’s own. This suggests a form of cultural or ethnic memory, and positive affect in an
almost nostalgic sense, for something one has not experienced first-hand. Other theorists have examined
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‘Irishness’ as a construction examinable through Bourdieu’s conception of habitus (Sullivan 2016, p. 1780),
and as a socially-practised expression of greater cultural capital accumulated specifically by Irish heritage,
with Irishness itself becoming gradually ‘hipper’ and more socially desirable within the United States.
Regardless of debate, it’s difficult to explore the motivations of learners of Irish descent without confronting
this question, the importance of heritage and identity as relevant variables. A broad definition of
integrativeness, one of mere positive disposition and curiosity to the community, as well as a general
‘openness’ to experience, as revised by Gardner in response to criticism (2007: 14), may well serve as an
excellent descriptor of the desires of learners of Irish. Additional heritage considerations, including travel, a
consideration that has typically straddled the integrative-instrumental distinction, are also quite possible.
There are, however, additional concerns that may not fit neatly within this theoretical contrast, but seem
highly receptive to the afore-mentioned theory of ideal selves.

Ideal Selves in Digital Minority Language Learning Contexts
The reasons for this are quite simple; while a mixture of positive affect, identity and heritage raises certain
issues of what degree of integration (purely affective or physical?) is desired, this issue does not emerge if one
is to take Dörnyei’s position, that of re-defining integrativeness as a facet of a broader internal ‘Ideal-L2 self’,
rather than attitudes in relation to an external language group (2005). This effort, which has been contested
by Gardner, was explicitly considered as a response of the rise of global English and would also appear highly
relevant on the issues confronting minority language motivation, particularly those learning at a distance,
perhaps without any meaningful social scaffolding or potential role models present in their physical milieu. In
these cases, integrativeness may simply not be directly relevant. Though contested, this conception would also
compliment quite well that which many identity and autonomy theorists have long considered, a multi-faceted
self with many distinct elements that can be drawn upon in differing social contexts (Oyserman and James,
2009, p. 373). If a hypothetical Irish learner in Kansas, who has never had contact with another Irish learner
or speakers, views ‘Irishness’ as an important aspect of themselves, and learning the Irish language as an
important part of ‘Irishness’, then this aspect of self, both distinct and situated, could serve as the motivational
orientation of the learner in an L2 context. The mechanics of this could be a discrepancy between an image or
images of one’s future self (able to converse in fluent Irish, to attend a traditional music festival and speak
Irish, to visit Ireland and use the language, to have a couple of embellishments or to simply read a family coat
of arms etc) and the present self. There are now, in a break with the recent past, reasonable, attainable steps
that this learner can take (download an app, join a MOOC), a critical consideration in ideal-self theory, that
would allow this learner to reduce the discrepancy between the future and current self (Markus and Nurius, p.
961). Crucially, as articulated by both Oyserman and James and Ushioda (2011, p. 11), this multiplicity also
compliments a notion of ‘transportable identities’ (Zimmerman 1998, p. 91); that we have many, sociallymediated selves, and can draw on various aspects in different social contexts, including while learning. The
Irish language speaking Kansan may also be a father, a lover of baseball and an accomplished choir singer, all
having different effects at various times and in different contexts. This may appear somewhat obvious, yet in a
world of increasingly diverse and digitalised learning environments (Laurillard, 2007, p. 154), this aspect
appears highly relevant and could explain low-level engagement with a target language as a certain aspect of
one’s image, varying greatly in importance to the individual learner and leading to a broad spectrum of
outcomes.
This aspect, particularly in the context that typical completion rates in online instruction are lower than
traditional environment, may be key; we all imagine ourselves doing many things, but what relative
importance do we attach to these images? This is particularly important with the above understanding of
identity as a multiplicity in mind; every individual has only so much time, energy etc, and as such
understanding the comparative importance of self-identities is critical to understanding why learners make
the choices they do. Our hypothetical Kansan may possess both a genuine desire to be an Irish speaker, and
believe this is plausible, but may also not think about it routinely, or work particularly hard at it in practice.
Such richness, and perhaps contradictory thought, is both eminently possible and vital to account for in new
research. To investigate these concepts, the author will conduct a study with learners engaged in an
introductory Irish language and Culture MOOC being delivered on the FutureLearn platform, Irish 101. This
research will attempt to explore the concept of the ideal-self of learners as they commence and as they engage
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with the course. The study research design which is in vitro and adopts a mixed-method approach using both
closed-survey and textual analysis of qualitative data.

Conclusions and Suggestions for Further Research
Ultimately there are many considerations and avenues open to exploration with regards to distance minority
language learning motivation. Questions of identity and heritage are likely to feature, but so too are those of
the digital environment itself as a substantial motivational consideration. Though there is a comparatively
small literature of research on this specific (SLA) context, the differing motivational orientations of online
learners is well established, with studies suggesting online learners can be more intrinsically motivated
(Shroff, Vogel and Coombes, 2008), discriminatory in relation to consumption of course content (Wang and
Baker, 2015, p. 25) and with likelihood to continue often being socially-qualified (Kizilcec and Schneider,
2015, p. 21). In considering minority language as a study group, a small-scale (n=12) survey of Welsh informal
learners (a language with something of a similar context to Irish) learners conducted by Jones (2015) found
the learners utilised a wide spectrum of online resources, such as social media, instant messaging etc, and
interestingly also little evidence that learners were active solely online. This suggests that a fruitful avenue for
exploration may be the various tools utilised, and how learners ‘mix’ or utilise various online resources. The
role of offline interaction and attempts for face-to-face contact is also critical for exploration in providing a
holistic picture of the language learner.
On theoretical grounds, it’s vitally important to measure and reflect on the various motivational theories and
explore their explanatory validity in relation to distance minority language learners, for both the sake of
understanding learners of these language and providing a valuable font for existing theoretical validity or
limitation when considered in a differing context than that of the bulk of research. This will involve analysing
these constructs critically, and likely exploring, through both quantitative and qualitative methods, how
learners construe their motivations. Global-based metrics such as through cross-sectional study should adapt
existing theoretical questionnaires and attempt to replicate findings and explore the correlation between
theoretical constructs and both achievement and (in-particular) behaviour. The results of these may be highly
different to those typically found in face-to-face contexts, both classroom and adult-learner. Such instruments
could also be embedded throughout courses, to attempt temporal-shifting measurement, though even those
that would be embedded pre-and post-course would likely provide rich information. From a more situated
angle, methods could include learner logs, longitudinal study and embedded prompts to attempt to capture
the effect of immediately confronted, task-specific motivations. Additionally, there could be a focus on
narrative accounts, and understanding the broader arc and context of language learning in digital
environments in learners’ wider lives, as well as an attempt to ensure learners ‘speak as themselves’ (Ushioda,
2009). Through such accounts it may be possible to explore the contextual role of the language, the values
placed upon it, role of social interaction with others and longer-term expectations in successful or highly
motivated learners. There is much to be learned from this phenomenon, and good learner practices could
prove both instructive and illuminating.
Within this research agenda, learners of the Irish language are arguably an ideal case study; a language with
quantifiably demonstrable interest from many learners who will have had limited contact with it, a language
continually disrupted by language shifts in its homeland and one where affective and cultural links seem
highly relevant. Study using online platforms such as MOOCs or mobile platforms as environments could
provide valuable insight to learner behaviour and beliefs, as well as suggestions towards future best-practice,
course design consideration and perhaps at a more generalisable level even suggestions for how to motivate
learners of minority languages in online environments more broadly.
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The Austria View of Copyright law
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1. Basics
The copyright law ( https://www.ris.bka.gv.at/) applies in Austria as part of private law, that governs the legal
relations concerning property between single parties, them being persons and/or companies. The focus is on
copyright itself, as well as the legal use of said property and other intellectual property rights. In its current
form, the Austrian Copyright Law (called Urheberrechtsgesetz or abbreviated UrhG) came into force with BGBl.
111/1936 ( https://www.ris.bka.gv.at) and has last been amended with the copyright amendment in BGBl I
99/2015 ( https://www.ris.bka.gv.at/) with comprehensive changes that especially affect the area of education
as well as the free use of works of intellectual property. The latter can be compared to the legal term of fair use
of certain common-law countries but is also very different from this mentioned figure of law.
In contrast to – for example - the American copyright law (http://www.copyright.gov/title17/) the Austrian
copyright law - in accordance with many other continental European legal systems – depends on the principle
that an idea, reflecting a certain amount of creativity of creation, automatically is to be qualified as an
intellectual property work and therefore is protected by the Austrian copyright law. So, there is - in Austria - no
need to report such copyright to gain the legal benefit of being its copyright owner or to designate the work in
a special way, for example, with a copyright symbol (©). In fact, copyright law of the US is much more akin to
Austrian (and/or continental) trademark law.
Whether such a work of intellectual property exists is, therefore, strongly to decide on an individual basis. It,
however, will often be the case with content that is created by teachers and also students. A work of intellectual
property in Austria can thereby and according the §§ 1 et seq Austrian copyright law be in fact any kind of
medium, such as texts, images, software and also works of film and/or music. Even the editing or translation of
an existing work of intellectual property can, according to § 5 Austrian copyright law, be counted as a new work
of intellectual property, given that the editing happened with a certain amount of creativity.
The owners of the copyright are explained in the §§ 10 - 13 Austrian copyright law. These is the person or are
the persons who were involved in the creation of the respective work of intellectual property, whereby they are
entitled to the corresponding rights according to §§ 14 et seq Austrian copyright law. These rights for example
are the right of duplication and publication, also in a commercial way.
Moreover, it should be mentioned that copyright as an intellectual property of a certain work and/or idea can
be owned by more than one person at the same time, but the right itself cannot be transferred via the means of
a contract. The right of being the owner of the copyright of a work of intellectual property can only be
transferred by the way of inheritance. Only the mentioned corresponding right can be transferred through
contractual means. Also, the choice of a copyright owner to give up his or her corresponding right is not directly
supported by the Austrian copyright law. Even the decision to provide a certain work of intellectual property
via Open Access requires a very active approach by the (former) copyright owner. Therefore, it makes more
sense to grant Creative Commons licenses if the copyright owner wishes to provide his or her work to a broader
audience. To sum it up, the concept of CC0 and/or Open Access is not directly supported within the Austrian
copyright law.
The corresponding rights, however, as already mentioned, can be used as so-called Immaterialgüterrechte and
can be subject to a contractual transfer of rights, for example sold, rented or leased. So, it is possible that the
author of a given work of intellectual property hands over the corresponding rights on his or her work to such
an extent that he or she ultimately de facto excludes himself or herself from any use of the work. The only right
remaining will then be the possibility granted by § 20 Austrian copyright law, to be named creator of the work
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of intellectual property. Therefore, when speaking of copyright in Austria one normally speaks of these
corresponding rights.
Except in the context of free use of the work, it is - regardless of free availability - not allowed to use a work of
intellectual property without the permission of the creator, be it for private or for commercial use. Thus, it is
for example not allowed for teachers to publish papers of students (online) without their consent of the
publication, for the work is a work of the individual student und therefore his work of intellectual property. To
put it in other words: if there is a certain amount of creativity in the work of the student he or she has to be
viewed of the creator and therefore as the copyright holder. The example provided by the teacher, on the other
hand, is usually a work of the teacher and may only be published by the teacher. This example currently poses
problems, when content is shared via the means of social media, for there is normally no given consent to this
form of publication. But it also has to be noted, that, for example, linking content on the World Wide Web can
be regarded as an act of publication, but normally does not need to have a given consent by the creator of said
work, for there are special rules applying.
The concept of creatorship mentioned above is also valid in the relationship between individual teachers and
the school, university or other learning organization they are working for and/or are employed by. The
employee is only explicitly mentioned in § 40b Austrian copyright law in connection with computer programs.
Any other works of intellectual property follow the general guidelines as provided above. So, it is necessary for
educational institutions to precisely regulate any corresponding rights to any possible inventions or works of
the employees during work – which may include textbooks - in the employment contract, even for the time after
the employment relationship has been terminated.

2. The copyright amendment of 2015
The main problem of the copyright law – like any other area of the law - is, that legislation can only be reactive
in relation to new legal challenges and problems, them mainly being technological innovations. Thus, even the
amendment, which has been hastily put into effect on October the 1st 2015, is – since its time of coming into
effect - not quite up to date, as there have – for example - not been any separate rules on possible legal problems
in connection with streaming. In contrast, the so-called Festplattenabgabe (a kind of tax when buying a new data
carrier) at the expense of the users has now been regulated and the legal model of the free usage of an otherwise
protected work of intellectual property for private uses in § 42 Austrian copyright law has been severely limited.
On the other hand, there are now extended possibilities of free use of works of intellectual property in the field
of science and study, which is a significant improvement, especially in the area of eLearning and distant learning
in general.
The most important innovations of the Austrian copyright law concerning science and study are therefore
briefly presented in the following:
 § 37a: The copyright holder of a scientific article is, under certain conditions, able to a secondary us of
his or her article, e.g. publication, even this right has been transferred in full to a publishing company at
or after the time of writhing. According to the legislator this is to improve the notion of free access and
even OER in the areas of study and science
 § 42 para 6: The possibility of reproduction of published works for classroom use on paper or similar
media (e.g. carton) has been expanded from the sole right of use of schools and universities to any other
educational institutions. Interestingly, the Austrian jurisdiction seems to include kindergarten from this
possibility of free use for not being an educational institution. This seems kind of strange compared to the
general idea of lifelong learning
 § 42a para 2: The possibility of reproduction of works of intellectual property by public facilities for
educational use and research on any data carrier (before it was only possible to reproduce according to
§ 42 para 6, that is on paper or similar media)
 § 42f: Through the amendment, the - previously ‘scattered’ – possibility of the use of a work of
intellectual property via the means of citation has redefined and summarized in this single article of the
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Austrian copyright law. This poses the advantage, that the use of the right of citation is now more
understandable to the individual user
 § 42g: Maybe the most important new article of the amendment. Said paragraph has created the
possibility to distribute works protected by the Austrian copyright law to a certain audience and has been
primarily intended for learning platforms. Therefore, this article is very important for the are of
eLearning, especially for MOOCs. Unfortunately, the jurisdiction and legislator have yet to provide more
information on how such a ‘certain audience’ and ‘learning platform’ can be defined

3. Free use of the work in Austrian law
As mentioned above, every work of intellectual property is generally protected by the Austrian copyright law
and if one wants to make use of said work, he or she has to license it from the creator and or copyright owner.
But this is only true to a certain point, since the Austrian copyright law, like many other legal frames, limits this
need to license in certain areas. Mainly these limits apply in the area deemed very important by the legislator,
like education and science and also, again very limited, for private use.
This free to use the work, which is regulated in §§ 41 ff Austrian copyright law, ultimately limits the rights of
the creator and/or copyright owner. The legislation and jurisdiction even view this possibility of free use as
some kind of ‘legal breach of copyright’. Therefore, along with the free use of work of intellectual property
instruments are provided by the Austrian copyright law to compensate the owner of the copyrights for the
financial losses. This for example is made possible by the newly-instated Festplattenabgabe or by fees when
using copier machines.
While for private use of protected works – the so-called Privatkopie - in accordance with § 42 of the Austrian
copyright law is targeted at the single user, the free use of work for research and teaching provides various
ways to distribute knowledge as widely as possible.
In a sense, the prototype of the free use of works represents the right of citation in § 42f Austrian copyright law.
By this right of citation and quotation it is possible possible to use parts of a work in another work, without the
need to obtain permission of use from the creator and/or copyright holder at first. While § 42f paragraph 2
Austrian copyright law general states examples in which citation should be allowed in any case, § 42f Section 1
Austrian copyright law generally states that the scope of the quotation must be covered by its purpose. This
means that the work cited always has to be ‘smaller in content’ that the work that is created with the help of
citation and quotes. Therefore, one cannot simply copy content from certain sources and the publish them as a
new work of intellectual property without having written a single word himself or herself. The right of citation,
according to Austrian copyright law, is more designed to further enhanced the already existing content of the
own work, be it by providing further sources or more details. According to § 20 Austrian copyright law it is also
necessary to name the author. How to correctly cite another author is not stated in the copyright law itself. Here
the educational institutions are here required to prepare and publish appropriate guidelines for citation.
In addition to the right of citation the Austrian copyright law provides other means of free use of work, e.g. the
appropriate use of literature, film and musical art according to the §§ 43 et seq Austrian copyright law. It should
however be noted, that the free use of work is limited and has to be almost entirely non-commercial. While the
term of commercial use has a very broad scope according to the jurisdiction, commercial education is usually
not viewed in the use of works for educational purposes, even if tuition fees are levied by the individual
educational organization.
It should also be noted that for most free uses, such as § 42 Abs 6 Austrian copyright law (school copies) the
phrase ‘intended their nature and designation for educational or instructional use by their nature and designation’
exists. This phrase states, that some kind of work and or content – that is used for education is to be excluded
from the free use. If it is not clear based on the description of the individual work, whether it is such content, it
should be decided, if the book follows educational principles, or at least has originally been intended as a
textbook. In this case, the use should be avoided. This special exclusion of certain contain of work from the free
use stems from the notion of the legislator, that publishers of school-books and the like are to be protected,
otherwise they would have to go out of business.
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4. Creative Commons and Austrian law
As illustrated above, the free use of work is mainly intended for the area of teaching and science with a broad
scope, but also has limitations, which often make it difficult to make use of works of intellectual property. Also
there is the problem, that the free use of work provided by the Austrian copyright law only works within
Austrian borders, whereas in other countries other rules may (additionally) apply. In a world of the World Wide
Web, this poses certain problems.
A possible solution to this problem are the Creative Commons (https://creativecommons.org). These represent
- from the view of the Austrian copyright law - standardized licensing agreements, that are as User-friendly as
possible. Therefore, each of the six licenses has three layers (https://creativecommons.org/licenses/), that
represent the terms of use in an abbreviated way, a full license-agreement and a machine-readable layer to
facilitate the finding by search engines.
The existing six licenses are as follows:
 CC BY: Use under attribution of Licensor (s). It is the most open license form
 CC BY-ND: Use under attribution of Licensor (s) and no transfer of edited versions are allowed
 CC BY-ND-SA: Use under attribution of Licensor (s) and only the non-commercial distribution on equal
terms (under the same license) is allowed
 CC BY-SA: Use under attribution of Licensor (s) and only the distribution on equal terms (under the
same license) is allowed, but can also be commercially
 CC BY-NC: Use under attribution of Licensor (s) and only non-commercial distribution is permitted, but
a different (non-commercial) license is possible
 CC BY-NC-ND: Use under attribution of Licensor (s) and no disclosure of edited versions, also only noncommercial. This is the most restrictive CC license
In addition, there is the ‘seventh’ CC0-license that works according to the principle of open access. So while all
CC licenses in any case demand the naming of the author (s), CC0 works without this requirement. However, as
already mentioned, the complete abandoning of intellectual property is rather alien to Austrian law, therefore
CC0 currently only has limited use. In addition, it should be noted that the CC licenses are primarily intended
for the licensing of works in terms of some works of intellectual property, while these licenses are not suitable
e.g. for software.

5. Austrian law on OER
As stated above the Austrian copyright law not only provides possibilities of free use of works of intellectual
property but also works with the Creative-Commons-licenses. Therefore it can be said, that OER is clearly within
the scope of Austrian law and has even been indirectly mentioned in the information provided for § 37a Austrian
Copyright law.
Since OER is not a license in itself, it depends on the network and interaction between user-friendly license
agreements like the CC and free use of work made possible by the national law-
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Introduction
For more than a decade, educational technologies have been used at Austrian universities. The scale
and experience of using e-learning and blended learning is varied, but generally characterized by rapid growth.
A complete inventory of the apparently heterogeneous e-learning landscape of the entire tertiary education
sector in Austria has not yet been made. Identifying the status quo in terms of strategy, resources, organization
and experience provides a foundation that is essential for education and economic policy in the field of
technology-based teaching for the education system. The “Forum Neue Medien in der Lehre Austria” (fnma –
forum for new media in teaching), a nationwide, cross-university e-learning network, was able to garner the
necessary resources and competencies to carry out an empirical study on the presentation of the facts
(Bratengeyer et al., 2016).
There is an inherent interest in the results of the study among all types of universities and at the Federal
Ministry of Science, Research and Economy (BMWFW). The questions therefore included particular topics that
had been specifically requested.

Objective and Study Design
The study essentially pursued the following five objectives: (1) Research of national and international
publications and studies that had a similar objective to the planned study (as best practice examples); (2)
Mapping of the Austrian e-learning landscape in the tertiary education sector by analysing publicly available
relevant documents such as development plans, performance agreements and knowledge balances; (3)
Gathering of contacts from organizational units responsible for e-learning at Austrian universities; (4) Survey
of what e-learning strategies, e-learning activities and e-learning technologies are being used at Austrian
universities and under what conditions; (5) Providing basic recommendations for decision-makers whose task
is to strategically anchor e-learning in the tertiary education sector.
The study was carried out based on the objectives defined above in several, coordinated steps. These
steps included firstly a literature search, secondly a questionnaire in the form of an online questionnaire, and
thirdly a survey of experts responsible for e-learning at their respective university. To participate in the online
survey, all universities were invited by e-mail (addressed to e-learning executives or the rector’s office). The
target group for the online survey consisted of all 72 Austrian universities, divided into the four university
types: (1) public universities (UNI), (2) universities of applied sciences (FH), (3) colleges of education (PH) and
(4) private universities (UNI_priv).
In the observation period (2015), the number of universities was UNI = 22, FH = 21, PH = 17 and
UNI_priv = 12. PH consists of public PH (9), private PH (5) and private study programs (3) (see Figure 1).
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Figure 1: Number of Austrian universities divided according to university type
In addition to the quantitative online survey, twelve qualitative interviews were conducted based on
an open interview guide. To ensure the representativeness of this survey, attention was paid to the distribution
of respondents. For example, the target group for the qualitative interviews was defined according to three
criteria: geographical area, type of university and size of university.

Data acquisition
The data were collected from three different sources. The source of the (1) literature review was the
documents collected by the BMWFW. This included the development plans, performance agreements and
intellectual capital statements of the universities. The empirical data were collected by means of (2) an online
survey and (3) expert interviews. In addition, similar studies were investigated and those with similar
objectives were analysed. A partly similar objective was followed by Gaebel et al. (2014), referring to
universities in Europe, and Werner (2006), referring to universities in Germany.

Literature review
To describe the strategic positioning and future direction of e-learning at the 22 public universities
(UNI), the current development plans, the 2016-2018 performance agreements and the current intellectual
capital statements (2016) were analysed with respect to four topics: (1) strategies to develop teaching (such as
the existence of an e-learning strategy); (2) measures to gain qualifications (improvement of teaching
competence) and quality assurance; (3) the scope and forms of e-learning use, such as what forms of e-learning
or blended learning, online services, MOOCs, etc. are used and to what extent (number of e-learning offers); and
(4) frameworks for e-learning, such as IT infrastructure, learning management systems, electronic auditing
systems and collaborations.
Over half the universities explicitly cite e-learning activities in the performance agreements. However,
dedicated e-learning strategies can only be found in the performance agreements of two universities. Several
measures for gaining media didactic qualifications are mentioned.
The forms of e-learning are diverse, ranging from supportive concepts for face-to-face events to
blended-learning scenarios, pure online classes and MOOCs, but the details are vague.
The framework conditions refer above all to the indispensable use of learning management systems,
as well as to independent e-learning organizational units. In three cases, concrete cooperation activities with
other universities are mentioned.
In the intellectual capital statements, there are different concrete statements regarding the type and
scope of the use of e-learning. "Blended Learning Studies" are cited in the legal text only as a subset of classroom
studies. This seems to have the consequence that the information given is very divergent, since it may not be
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based on the same criteria. The information is therefore partly in contradiction to that obtained in the online
survey, according to which all except one university use blended learning, whereas in the intellectual capital
statements, only five universities use blended learning.
For the analysis of the e-learning situation at the Austrian universities of applied sciences, it was possible
to draw on a survey by the BMWFW (Pflichter, 2015), which essentially has findings similar to those at
universities. All investigated FHs use an e-teaching/e-learning system, although the intensity and form are
different. They all have in common that the quality of teaching is a high priority in the institutions.

Online survey
In the online survey, 49 of 72 contacted universities participated, corresponding to a comparatively
high return rate of 68% (number of completed questionnaires: n = 49). Tab. 1 shows the university population
compared to the number of participating universities, grouped by university types.

Table 1: Number of responses and distribution divided according to institution types (n = 49)
The online questionnaire included 30 single and multiple-choice questions divided into five sets of
questions: mission, strategy, organization, experience and demographics.
The responses to the mission questionnaire showed that e-learning is predominantly (73%) used
throughout the higher education institution (at 84% it has been used for over five years). Blended learning
scenarios (98%) and course recordings (71%) are the most frequently used fields of e-learning, especially
multimedia/interactive materials (98%), free or open educational resources (86%) and e-books (86%). In
addition to the widespread use of learning management systems, cloud-based file management systems (84%)
and teaching materials repositories (76%) are mainly used.
In the strategy part of the questionnaire, about half of the higher education institutions state that they
pursue an e-learning strategy, but less than one-third have a dedicated policy paper. As a trigger for a strategy
development, not only didactic but also strategic and, last but not least, economic reasons are mentioned
(ranked according to importance). In addition, time- and location-independent learning (90%) as well as the
extension of the e-learning possibilities offered (84%) and the guarantee of didactic diversity (84%) are
considered important. Especially the university types FH and PH rate didactic diversity as very important to
important.
The survey part focusing on organization showed that 49% of the universities have a central
organizational unit for e-learning matters. The most frequent number of employees in a typical e-learning unit
is two to three (47%), corresponding to one or two full-time equivalents. The three most frequently mentioned
functions of the e-learning organizational unit are: contact point for IT and learning management systems,
contact point for didactic questions, and organization of further education opportunities in the area of elearning. 41% of universities do not offer incentives to use e-learning. Otherwise, awards (24%) and career
promotion (18%) as well as a reduction in teaching (16%) are the most widespread incentive models. The
survey showed that 33% of universities pursue quality assurance measures in e-learning.
The e-learning survey showed that most experience is in didactic diversity (41%) and in support of
traditional classroom teaching (31%), while at the same time staff resources (29%) are seen as the biggest
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challenge. A lack of overall strategic orientation, insufficient didactic skills and insufficient budget (20% each)
are further inhibiting factors for expanding the institutional e-learning services.

Expert interviews
In the period from July to September 2015, twelve interviews were conducted with e-learning experts
at Austrian universities on the topics of understanding e-learning, university work, strategy and organization,
cooperation experience and e-learning trends. The sample consisted of universities selected as representative
according to three criteria: region, type of institution and size of university. The following summarizes the most
important aggregated findings from the interviews:
E-learning was broadly understood as teaching and learning activities using information and
communication technologies in the context of presence and distance education as well as a combination of both.
The use of a learning management system was considered as an unconditional basic facility. Mostly the learning
management system Moodle is used.
E-learning was seen primarily as a service to support lecturers and learners, but a low level of
acceptance was noted among lecturers. In line with the results of the online survey, financial and human
resources were mentioned as inhibiting factors and directly related to the range of e-learning services. The
limited resources have a negative impact on e-learning research activities.
The areas of cooperation are primarily subject-related in a specific domain and project-related. The
offer of “Zertifikat E-Learning” (e-learning certificate) and the association “Forum Neue Medien in Lehre
Austria” (fnma) were mentioned as cross-university activities in the context of cooperation. In general,
collaboration is considered as important. It makes an important contribution to the further development of
university-specific e-learning activities.
To meet new trends in e-learning, a working infrastructure is considered an important and relevant
foundation. The emphasis was placed on blended learning activities which influence the future role of the
lecturer. All interviewees understood e-learning as "teaching and learning with digital media".

Potential for improvement and recommendations for action
Based on the numerous data collected, the study provides a comprehensive overview of strategies,
resources, organization and experience in the use of new media at Austrian universities. The data also made it
clear that there are still areas for improvement in the use of new media in several areas. This potential led to
seven recommendations for action:
(1) Only 29% of the surveyed universities stated that they had a dedicated e-learning strategy. Special
quality assurance measures for e-learning did not exist for the majority of surveyed university types. The
development of an e-learning strategy should combine the well-maintained bottom-up approach with a topdown approach and involve as many stakeholders as possible in order to achieve the greatest possible
commitment to the achievement of the defined strategic goals. The recommendation is: Draw up a strategic plan
for e-learning.
(2) More than 40% of the universities surveyed offer their lecturers no incentive to use e-learning. Elearning is initially associated with additional work, not least because of inadequate legal and organizational
framework conditions. The lecturers often do essential development work to improve teaching at their
institution. Extra effort should be acknowledged in the form of compensation measures or awards. The
recommendation is: Create incentive schemes.
(3) Around 71% of the universities surveyed stated that they had access to university-wide further
education courses in e-learning. E-learning is seen by many lecturers as a challenge, which often goes hand in
hand with a low level of acceptance. Special qualifications for the use of new media would meet the urgent need
for further training courses, especially at colleges of education. The recommendation is: Give lecturers more
training.
(4) Almost 100% of universities offer (partially) blended learning courses. Game-Based Learning is
offered by 33% and MOOCs by 16% of universities. The use of innovative forms of teaching/learning is often
hampered by constraints. The recommendation is: Promote innovative forms of teaching/learning.
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(5) About 53% of the surveyed universities conduct research in e-learning. However, these research
activities are almost exclusively decentralized at individual institutes. Research activities are not coordinated
within the e-learning departments, so that research results are often not centrally available. Additional elearning professorships should be established. The e-learning departments, which are largely perceived as pure
service providers, should be given the opportunity to conduct applied research as well. The recommendation
is: Expand research activities in e-learning.
(6) Around 50% of the surveyed universities cooperate on e-learning projects and joint e-learning
events. 33% use common teaching/learning materials. Higher education institutions collaborating in e-learning
should be provided with additional resources. This would lead to a self-initiative, multilateral transfer of
knowledge and shared experience that will promote innovation and strengthen and expand existing networks.
The recommendation is: Promote inter-university cooperation.
(7) Roughly 50% of the surveyed universities identified insufficient human resources and budget
constraints as a key challenge in using e-learning. Additional funding from the Austrian government is therefore
not only an essential prerequisite for maintaining existing services, but above all for the future-oriented further
development of innovative educational offers. The recommendation is: Provide sufficient resources.

References
Bratengeyer, E., Steinbacher, H. P., Friesenbichler, M., Neuböck, K., Kopp, M., Gröblinger, O. & Ebner, M. (2016). Die
österreichische Hochschul- E-Learning-Landschaft. Studie zur Erfassung des Status quo der E-LearningLandschaft im tertiären Bildungsbereich hinsichtlich Strategie, Ressourcen, Organisation und Erfahrungen.
Norderstedt: Books on Demand, ISBN 9783837034127, February 2016.
Gaebel, M., Kupriyanova, V., Morais, R., Colucci, E. (2014). E-learning in European higher education institutions: results of a
mapping survey conducted in October-December 2013. European University Association, Brussels, ISBN
9789078997511, November 2014.
Pflichter, F. (2015). Blended Learning, Qualität der Lehre, Lehrkompetenz und Integration behinderter und chronisch
kranker Studierender an den Universitäten dargestellt in den Entwicklungsplänen ab 2015, Wissensbilanzen 2014
und in den ersten Entwürfen der Leistungsvereinbarungen 2016 – 2018, 4. Edition, Vienna.
Werner, B. (2006). Status des E-Learning an deutschen Hochschulen. e-teaching.org. https://www.eteaching.org/projekt/fallstudien/Status_des_ELearning.pdf. (Access: 22.02.2018).

Acknowledgements
This research was supported by a grant from the Austrian Federal Ministry of Science, Research and Economy (BMWFW).
In addition, Blackboard/Moodlerooms (Amsterdam) supported the study as well as the working group members of the
research team at “Forum Neue Medien in der Lehre Austria” (fnma).

207

208

Institutional Innovation and Strategic Reponses to MOOCs:
An Irish Case Study
Eamon Costello
National Institute for Digital Learning
Dublin City University, Ireland
eamon.costello@dcu.ie
Mark Brown
National Institute for Digital Learning
Dublin City University, Ireland
mark.brown@dcu.ie
Mairead Nic Giolla-Mhichil
National Institute for Digital Learning
Dublin City University, Ireland
mairead.nicgiollamhichil@dcu.ie

Introduction
There have been many grand claims made for both the peril and the promise of the Massive Open Online Course
(MOOC) movement (Krause & Lowe, 2014). While the emergence of MOOCs generated considerable debate (see
for example, Sharrock, 2015) and some believe their bubble has burst the level of interest from learners
continues to grow annually at an impressive rate. In 2017, for example, around 20 million people registered for
their first MOOC, taking the total number of learners to almost 80 million (Shah, 2018). This figure is over twice
the number of people who signed up to undertake a MOOC in 2015 (Online Course Report, 2016). Arguably, no
other educational innovation has attracted the same level of media coverage since the Sputnik era of the 1960s
when there was a perceived crisis in the need for greater Science and Technology Education, which in turn has
fuelled public interest and brought MOOCs to the attention of senior academic leaders, policy-makers and
politicians (Brown, 2016). However, the response to MOOCs varies greatly both across institutions and
countries. While countries such as France, Norway, China, India and Indonesia have developed national MOOC
strategies they appear to be largely the exception.
This paper briefly outlines the European macro-level response to MOOCs and then presents a meso-level case
study of the Irish experience. The situation in the Republic of Ireland is framed around a bigger question in
terms of what role central governments and policy-makers should play in supporting new models of open and
online education. The basic premise is that the situation described in Ireland is likely to be similar in many other
countries and this raises a broader question of whether a more strategic national policy response is required in
the future. After all, arguably MOOCs are not just about free online courses but rather provide an opportunity
to engage in bigger ideas around equity, innovation and new life-long learning models for more inclusive and
sustainable futures (Brown & Costello, 2016). The paper after tracing the development of several first
generation MOOCs in Ireland contrasts these initiatives with the recent policy landscape, which has largely
failed to engage in the challenges and opportunities presented by the growth of new models of online learning.
We then report a micro-level case study of how one Irish university after considerable deliberation, and a false
start, is currently implementing an enterprise-wide MOOC initiative. This example using the FutureLearn
platform illustrates the importance of alignment with high-level strategic drivers and a strong institutional
commitment to an innovation culture.

The European Response
The level of interest in MOOCs in the United States (US) appears to be waning with fewer institutions indicating
their intention to develop free online learning initiatives (Allen & Seaman, with Poulin, & Taylor Straut, 2016).
Notably, the 2018 edition of the annual Babson survey of online learning no longer refers to MOOCs (Seaman,
Allen & Seaman. 2018). The situation in Europe is different. A survey of European institutions in 2015 indicated
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that MOOCs were still on the rise (Jansen & Schuwer, 2015).
Several questions from the Babson survey were incorporated within the European study and the results showed
notable differences between the two continents. For example, back in 2014 ‘a large majority of European higher
education institutions disagree with the statement that credentials for MOOC completion will cause confusion
about higher education degrees while a majority in the US agrees’ (Jansen & Schuwer, 2015, p.4). While this
question no longer appears in the Babson report in the third edition of the European survey the level of
agreement over the issue of confusion at just over 10% continues to decline (Jansen & Konings, 2017).
Moreover, around 80% of European institutions responding to the survey over three consecutive years agree
with the statement MOOCs are important for learning about online pedagogy. In contrast, this figure has
decreased in the US from 44% in 2013 to 28% in 2014 (Allen & Seaman, 2015). Similarly the number of
institutions reporting that they believe MOOCs to be sustainable fell in the US from 28% in 2012 to only 16% in
2014 (Allen & Seaman, with Poulin, & Taylor Straut, 2016). In the latest edition of the European survey more
than half of the respondents continue to agree with the statement that MOOCs are a sustainable method for
offering courses (Jansen & Konings, 2017). On a related note, the latest survey also reveals that the majority of
higher education providers are not connected to one of the big MOOC platform providers but offer their courses
on institutional platforms or through available regional/national platforms.
Also there appears to be interesting differences in the strategic drivers for many European MOOCs as opposed
to those offered by North American institutions. In the US using MOOCs for student recruitment was
consistently reported as the most important primary objective of institutions (Allen & Seaman, with Poulin, &
Taylor Straut, 2016). In contrast, the most commonly mentioned driver or objective in Europe is to increase
flexible learning opportunities (Jansen & Konings, 2017). Although speculative there is reason to believe that
the case for MOOCs in Europe is linked to the long tradition of promoting access to higher education and lifelong learning. With the notable exception of the United Kingdom (UK) it needs to be noted in Europe higher
education is still largely framed from a policy perspective as a public good, as distinct from private good or
personal commodity. Notably, the latest European survey once again shows that financial reasons are the least
important objective, with only 17% of institutional responses selecting this as highly relevant (Jansen &
Konings, 2017).
In summary, the tradition of the public good of higher education, coupled with major differences in business
models, the availability of European Commission funding, the mechanism of the European Credit Transfer
System (ECTS), and so on, probably all combine to help explain why in Europe the level of interest in offering
MOOCs continues to increase.

The Irish Context
The Republic of Ireland offers an interesting case study in terms of the European response to MOOCs. According
to Forbes magazine, Ireland has the distinction of hosting the world’s first MOOC through the ALISON platform
first established in 2007 (High, 2013). Although a private company not offering formally accredited Irish
qualifications, the feature in Forbes claims that by December 2015 there were over 750,000 ALISON graduates
worldwide.
In 2016, a study of ALISON published by the European Commission’s Joint Research Centre (JRC) reports that
the platform had reached more than six million learners (Souto-Otero, et. al., 2016). A regional analysis of
learners notes that ‘Aside from the UK (545,001 learners) and Ireland (97,245 learners), European learners
make up the minority of ALISON enrolments (122,944 from other European countries)’ (Souto-Otero, et. al.,
2016, p. 99), which is consistent with a recent statement from the CEO, Mike Feerick, that the United States is
the most important market, with over two million learners also distributed around Africa (High, 2017). The
latest feature on ALISION in Forbes now claims that the platform now has over 1.5 million graduates and nearly
12 million registered users (High, 2017).
The claim of being the first Irish formally accredited institution to offer a MOOC is shared by Dublin Institute of
Technology, Hibernia College, and IT Sligo (Brown & Costello, 2016). On 14th February 2013, IT Sligo was first
to issue a press release announcing their intention to offer a MOOC (Irish Independent, 2013) but this free
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online course on the topic of Lean Sigma Quality, which reportedly attracted over 2000 learners, was not
actually taught until November (IT Sligo, 2013). In the meantime, the Minister for Arts, Heritage and the
Gaeltacht formally launched at Hibernia College on 10th April 2013 what was described at the time as Ireland’s
first MOOC (Education Matters, 2013). However, this MOOC on the theme of Irish Identity, with notably an
introductory video from the Prime Minister (Taoiseach) did not start until 27th May 2013. Only a few weeks
earlier starting on 13th May 2013 the Dublin Institute of Technology (DIT), together with GetReskilled, began
what appears to be the first MOOC delivered by an Irish higher education institution (PharmaMooc, 2013). This
MOOC, known as PharmaMooc, targeted people interested in working in the Pharmaceutical Industry and
reportedly attracted a global audience of over 800 learners from 71 different countries worldwide.
It is interesting to note that despite these early initiatives the draft Digital Roadmap: Phase 1 released in May
2014 (National Forum for the Enhancement of Teaching and Learning in Higher Education, 2014), with the aim
of building digital capacity in Irish higher education, made no explicit reference to MOOCs. Whether this was an
intentional decision at the time is unclear as it may have just been an oversight due to a very short consultation
process. With the benefit of hindsight, whatever the reason, the absence of MOOCs from the draft Digital
Roadmap was surprising, particularly since a section of the document reviews wider European and global
developments. Moreover, the Digital Roadmap endorses the principles of Open Education to support future
developments in Higher Education and states the need for greater vision and leadership in planning the digital
future.
In the absence of national recognition of MOOCs in policy, the National University of Ireland (NUI), a unique
overarching body serving four member universities, invited groups to tender on a feasibility study. The aim of
this study was to explore the possibility of establishing a National online education initiative, encompassing
MOOCs, for the Irish university sector (Brown & Costello, 2016).
Although the tender closed in September 2014, and a written report was expected within several months of the
project getting underway, there has never been any public statement providing an update on the feasibility
study. It is known in the sector that a confidential report was produced but for whatever reason this work has
never been widely circulated.
However, before the NUI tender process had closed, in May 2014 the Law Society of Ireland (2014) offered its
first ever MOOC on the topic of Aviation Leasing and Finance. Also, in June 2014, Trinity College Dublin (TCD)
announced its intention to join the UK-based FutureLearn platform and to offer a MOOC later in the year on
Irish Lives in War and Revolution: Exploring Ireland’s History 1912-1923. The MOOC started in September 2014
and reportedly attracted almost 14,000 people (Kenny, 2014).
In 2014, another development in Ireland was a visit from a delegation from Tata Consulting Services. The Tata
Consulting Group is a global enterprise headquartered in India, with operations in more than 100 countries
employing over 500,000 people worldwide. In August 2014 a high-level delegation from the Tata Group met
with senior Irish politicians and institutional presidents with the objective of making Ireland the centre of the
world for online degrees (Brown, 2016). The aim, as reported by the Independent newspaper, was to negotiate
‘a deal to transform Ireland into the world’s first stop for e-learning and earn millions for the country’s
floundering universities’ (McCabe, 2014, P.1 Governments in India and China have taken a much more proactive
interest in the development and promotion of MOOCs (Trehan, 2017) compared to most in Europe. The
establishment of the SWAYAM platform in India for instance is part of ambitious plans to grown online learning
via MOOCs.
Following the Tata delegation’s visit, in early December 2014, the Irish Government’s Joint Committee for
Education and Social Protection held a special meeting to discuss the future of online learning. Dublin City
University, Trinity College Dublin and the UK Open University and were invited to give short presentations to
the Joint Committee. The written submission prepared by Professor Mark Brown on behalf of Dublin City
University drew on the Porto Declaration on European MOOCs (EADTU, 2014), developed as part of the HOME
Project, noted that in many cases the drivers for adopting MOOCs are not well aligned with institutional
missions.
A problem not exclusive to Ireland is the lack of supporting literature in the public domain on the rationale or
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explicit drivers for early MOOC initiatives—let alone institutional strategies. In other words, one is left to infer
whether (or not) the aforementioned MOOC initiatives were motivated by drivers related to marketing,
institutional visibility, student recruitment, opening access in the tradition of life-long learning, or simply to
explore the potential of a new innovation. That said, the Law Society of Ireland deserves credit for its work in
offering a number of follow up free online courses in highly topical areas where the need for continuing
education is obvious, including Understanding the Law in the Digital Age (May, 2015), Privacy, a Human Right
for the Digital Age (May, 2016), Employment Law in the Digital Age (May, 2017) and Victims’ Directive
(November, 2017), the latter co-funded by the Justice Programme of the European Union. Moverover, the
intentions of IT Sligo’s MOOC developed over 2015/16 on supporting successful transition between school and
higher education, funded by the National Forum, along with efforts over the same timeframe to promote lowcost MOOCs through the European funded LoCoMoTion project, can be inferred from the respective foci of these
initiatives. A 2017 University College Dublin (UCD) MOOC on planetary urbanisation was run as part of a
consortium of Universities – the Universitas 21 Network. There appears to be a lack of context in the public
domain beyond the research group that developed the MOOC. Or at least, this MOOC like many other
institutions, does not appear part of a suite of MOOC offerings or otherwise have a strong presence at the heart
of an intuitional strategy.
At this stage, nevertheless, Dublin City University (DCU) is the only institution to publish its strategic
institutional response to MOOCs (Brown, Costello, Donlon & Nic Giolla Mhichil, 2015). At the time of this
publication in the International Review of Research in Open and Distributed Learning a systematic search of the
literature revealed no other detailed accounts of institutional policy drivers from an insider’s perspective.
Notably, the decision to adopt a new MOOC platform known as Academy, which is described in the final section
of this paper, was primarily driven by the goal of fostering a rich ecology of innovation in teaching and learning.
The only other published institutional report on the island of Ireland is available from the University of Ulster,
which highlights the scale of the challenge facing institutions along with many of the opportunities presented
by the MOOC movement (Hamber, Jaffrey & Murphy, 2015). Importantly, the Ulster report identifies MOOCs as
part of a much wider movement to open up learning.

Irish Institutional MOOC survey
The second European survey on MOOCs was conducted in 2015 (Jansen & Goes-Daniels, 2016). In light of the
lack of evidence of the perceived relevance of ‘big OERs’ in the Irish higher education a country specific analysis
of the nine Irish institutional responses was undertaken by Costello and Brown (2016). Findings for Ireland
shows that there is no single primary objective across the sector for adopting MOOCs. Of the three institutions
in this sample already offering or developing MOOCs the primary objective was spread between Innovative
Pedagogy, Reach New Students and Increase Institution Visibility. Although only a small sample, the results
suggest that institutional culture plays an important role in determining primary objectives.
Another finding was that that MOOCs are claimed to meet institutional objectives for Irish providers at a higher
percentage of respondents to the equivalent Babson survey. The results for Ireland are relatively consistent
with the previous 2014 survey and the preliminary analysis of the wider 2015 European sample (Costello &
Brown, 2016).

In summary, the paper has so far outlined the European response to MOOCs making
comparisons with institutions in the United States. It has traced the early development of
MOOCs in Ireland and reported some of the preliminary findings of a 2015 country specific
survey.
Irish Policy Response
In April 2015, a more complete Roadmap for Enhancement in a Digital World 2015-2017 was published to help
advance a shared vision of ‘a [higher education] culture that fully embraces digital learning and digital
innovation’ (National Forum for the Enhancement of Teaching and Learning, 2015a, p.iv). Given the above
discussion it is not surprising the Roadmap makes few references to MOOCs. Although the Roadmap has other
commendable features, the initiative arguably favours more traditional campus-based models of higher
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education and does little to address a major barrier to the growth of online delivery as a result of Ireland’s
restrictive funding model. As Brown and Costello (2016) note the current model limiting off-campus delivery
due to no government contribution to study is at odds with recent European reports from the High Level Group
on the Modernization of Higher Education (2014) for more inclusive funding approaches that help to open up
education, develop more flexible modes of delivery, and diversify student populations. Similarly, MOOCs do not
feature in the Digital Strategy for Schools: Enhancing Teaching, Learning and Assessment 2015-2020
(Department of Education and Skills, 2015). Even more recently the Strategy for Technology-enhanced Learning
in Further Education and Training 2016-2019 (Education and Training Boards Ireland | Further Education and
Training Authority, 2016) fails to address the challenges and opportunities posed by MOOCs. This oversight is
particularly surprising given the Strategy has a vision by 2019 of technology-enhanced teaching and learning
providing greater access to further education and training, and moreover achieving positive outcomes for
learners, enterprise, and wider society and the economy.
The disconnection between national policy initiatives and wider macro level MOOC developments in Europe
and globally is particularly obvious in the National Plan for Equity of Access to Higher Education 2015-2019
(Higher Education Authority, 2015) published in December 2015. MOOCs and the potential contribution of
new models of higher education do not figure in this plan, and nor do they appear in Ireland’s National Skills
Strategy 2025 (Department of Education and Skills, 2016a) also launched by the Minister for Education and
Skills in January 2016. Despite recognising that technology’s pervasiveness means people of all ages
increasingly need to be ‘technologically literate’ in order to participate fully in society, referring to e-health,
online banking and online supermarket shopping, there is no acknowledgement of the potential of online
learning for improving lives, creating better places to live and work, and driving more sustainable economic
growth.
A significant recent European study (Inamorato dos Santos et. al, 2017) conducted by the Joint Research Centre
(JRC), the European Commission’s science and knowledge service, analyzed the state-of-the-art on policies for
open education in the European Union. In conducted case studies of the policy landscape from all 28 EU Member
States via a combination of desk based research and interviews with key stakeholders. The section on Ireland
makes no mention of MOOCs. However it does cite the research report commissioned by the National Forum on
open access for learning content. This report by Risquez et al (2015) explicitly excluded MOOCs from its remit
- claiming MOOCs as an example of ‘big OER’ and preferring to concentrate on more traditional OER definitions.
Nonetheless, one finding from a survey in the study was that a small number of respondents (6%) from Irish
higher education purported to find MOOCs useful as a source of reusable learning resources.
The absence of MOOCs and new models of online learning more generally from the above policy documents no
doubt explains why they do not feature in a recent comprehensive briefing paper for the new Minister for
Education and Skills (Department of Education and Skills, 2016b). Thus, the reality of the situation is that
currently in the Irish context MOOCs do not feature prominently in policy-level discussions and speculatively
may even have been deliberately dismissed by influential educators and policy-makers as nothing more than a
passing fad (Brown & Costello, 2016). There appears to have been a failure to recognise that the MOOC
movement is not on an independent trajectory but rather entwined within a complex constellation of social,
technological and educational change (Brown, 2016).
On one hand, the MOOC movement symbolizes so-called Silicon Valley values, the growth of the influence of
neo-liberal policies, the emergence of new labour model for the teaching profession, and the ultimate goal of an
unrestricted global market for higher education (Peters, 2013). In this regard ‘the MOOC is not on an
independent trajectory and cannot be uncoupled from wider debates over issues of power and privilege and
the struggle to win control of the higher education system’ (Brown, 2016, p.39).
On the other hand, MOOCs, or variations of them, provide a real opportunity to address the Iron Triangle of
reducing costs, enhancing quality and opening access to meet increasing demand for higher education (Daniel,
2012). Without engaging in the MOOC debate at a policy level, there is a risk that Ireland may be inadequately
prepared to respond to the new global online learning environment, especially as the movement evolves and
new types of courses and formal credit earning pathways emerge from reputable institutions and international
consortia.

213

In summary, in Ireland there has been no nationally co-ordinated approach to the growth of MOOCs. Arguably,
the policy gap around MOOCs is part of a bigger issue concerning the lack of government funding for online, offcampus, distance students, which in European terms remains a significant barrier to the goal of opening up
more flexible modes of delivery to meet the needs of a diverse population. As previously stated, MOOCs are not
just about the provision of free online courses but rather provide a real opportunity to engage in bigger ideas
around promoting equity, fostering innovation and developing new open delivery models for a more inclusive
and sustainable future.
Set against this wider context the question is how should Ireland strategically respond to the MOOC
movement? Is it already too late? Does it need to respond? After all, the first generation MOOC initiatives
described above were largely one-offs and may be evidence that most Irish institutions have other priorities.
Nevertheless, what lessons can be learnt from a more direct policy and coordinated response taken in other
countries around the world? Why would Ireland bother when there is already a plethora of MOOCs available
to Irish citizens through the major platforms? This raises the question where to next.

Dublin City University’s Response
In May 2015, the National Institute for Digital Learning (NIDL) at Dublin City University hosted a National MOOC
Symposium to promote greater debate and awareness of the challenges and opportunities within the Irish
context. Also to promote wider discussion and strategic foresight in May 2015 the NIDL in partnership with the
Irish Learning Technology Association (ILTA), and the US based New Media Consortium, launched Ireland’s first
Horizon Report for higher education (Johnson, Adams Becker, Cummins, Estrada & Freeman, 2015). The NIDL
has also played a leading role in two European funded MOOC related projects (HOME and SCORE 2020) led by
the European Association for Distance Teaching Universities (EADTU). Apart from these initiatives and the
feasibility study commissioned by NUI, as demonstrated above there has not been a dedicated effort to develop
a national response to MOOCs.
Therefore, after considerable deliberation, Dublin City University made a strategic decision to implement a
major second generation MOOC initiative using a new platform known as Academy developed by Moodle HQ.
This decision followed a lengthy process of identifying the key institutional drivers for any such initiative and a
review of existing platforms to evaluate their alignment and suitability in terms of the University’s primary
objectives (Brown, Costello, Donlon & Nic Giolla Mhichil, 2015). Notably, the most influential factor in selecting
Academy was the opportunity to shape the design and direction of MOOCs. A pilot MOOC was duly launched
called Head Start Online. This course targeted flexible learners during the initial stages of the study life-cycle.
Drawing on the literature, the experience of major international Online and Distance Learning (ODL) providers,
and a set of overarching design principles, the MOOC was developed with a suite of digital readiness tools at its
heart (Brunton et al, 2016). These tools were combined with readings and other media to deliver a
comprehensive pre-entry socialisation course. The MOOC ran over 5 weeks with 150 learners enrolled 50 of
whom went on to receive a certificate of completion (Brunton et al, 2017). Notably among these were a cohort
of refugees who took the course exclusively outside Ireland. These learners helped pave the way for a
subsequent commitment by the University to develop a strategic and meaningful response to the issue of
refugees and asylum seekers. Following from this MOOC a set of scholarships were developed for fully
accredited online degree programmes. These were awarded to refugees and asylum seekers in Ireland and
became part of a broad programme of initiatives that led to Dublin City University becoming Ireland’s first
designated University of Sanctuary.
This innovation may be seen as an example of digital resilience arising from a digital learning ecology (Weller
& Anderson, 2013), a wellspring from which new more mainstream initiatives can be derived. The Academy
platform however did not serve to meet all needs of the institution. Although it offered great control and creative
scope for course design it suffered from the lack of affordances of a proven scaled platform. Following an
appraisal of the Head Start Online MOOC it was determined that for all its affordances it was worth expanding
the institutions MOOC capabilities and not be tied to one platform that was still in early development.
Without fully foreclosing on the Academy platform it was a this point that a strategic engagement began with
FutureLearn. Two planned MOOCS one on the Irish Language and another on high performance cloud
computing had both arisen from large funded projects and given learner number projections required a proven
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mature MOOC platform.
At the time of writing these MOOCs are not yet underway but it is clear already that MOOCs are moving central
stage in strategic thinking at the university during a time when it is developing the details of a broad new
strategic plan. Bold future steps are anticipated down this road but the future is also uncertain and it is clear
that we will need to learn more about the learners taking these courses and the impacts such study can have on
them.

Conclusion
The Irish case study reported in this paper suggests that there is a strong argument for governments and
policy-makers around the world to take a more strategic and coordinated approach to the rapidly evolving
MOOC movement. The future of MOOCs is not trivial work. Based on the Irish experience, early first
generation MOOC initiatives have not been sustainable and appear to have taken place largely in parallel to
more mainstream policy developments. Although the future of MOOCs remains uncertain, central and regional
governments have an important role to play, especially if countries and local institutions wish to shape and
actively contribute to new models of higher education for new times in today’s globalised world. Arguably, in
the case of Ireland the Country would benefit from a high-level policy forum to engage key stakeholders on the
future challenges and opportunities of new models of online teaching and learning, including MOOCs. It
remains a major point of disconnection that ironically in the so-called Silicon Valley of Europe that the funding
model for higher education in Ireland does not recognise the need to support diverse and geographically
dispersed online distance learners. If MOOCs serve to highlight this disconnection and lead to a more inclusive
funding model, which opens up greater access to higher education, then they will have done the people of
Ireland a great favour.
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Background and Parameters of this Review
The use of portfolios was traditionally associated with the fine arts, however, the practice
subsequently came to be used in education. The earliest examples of this occurred in the field of pre-service
teacher education (e.g. Shulman, 1992), but it has since spread to various other contexts. Initially, portfolios
were physical compilations of artefacts, but advances in technology eventually facilitated the emergence of the
electronic portfolio, or ePortfolio. ePortfolios have been referred to by a variety of terms (e.g. efolio, digital
portfolio, web-based portfolio, online portfolio). These are relatively interchangeable, and simply distinguish
whether or not content is stored on a web-based platform. Focusing on this detail is unnecessary, however, as
the most important characteristic of any portfolio is its primary purpose.
An ePortfolio may showcase examples of achievements to support an employment application.
Alternatively, it may be prepared for assessment purposes, with the creator receiving a grade for the work.
These ‘showcase’ and ‘assessment’ portfolios usually only include polished artefacts, and the focus is firmly on
the finished product. A third potential purpose of an ePortfolio is to support learning. When this is the case,
the ePortfolio also includes drafts and ‘unpolished’ work, and the emphasis is predominantly on the processes
involved in compiling the portfolio – such as choosing the artefacts for inclusion, communicating the relevance
of these artefacts, and reflecting on one’s development over time. Informed by both social constructivist (e.g.
Glasersfeld, 1989) and metacognitive (e.g. Flavell, 1979) theories of learning, this type of ePortfolio practice is
intended to foster skills such as self-regulation and cognitive monitoring, and ultimately, to stimulate the
development of a ‘lifelong learning ethos’ as a habit of mind.
ePortfolios are used across all levels of the education system – but the growth of this practice has
been especially notable in higher education (Eynon & Gambino, 2017; Kunnari & Laurinkainen, 2017). In this
context, they are used predominantly to enhance learning, however, as universities face growing demands to
produce so-called “T-shaped graduates” (i.e. those equipped not only with disciplinary specialization, but also
with generic, cross-curricular skills), the secondary “showcase” value of the tool is also keenly recognized.
Indeed, it seems that, in higher education, ePortfolios are perceived primarily as a catalyst in the learning
process, but also as an effective platform through which learners can demonstrate notoriously hard-tomeasure skills such as critical thinking and creativity. This is evident in Kunnari and Laurinkainen’s (2017,
p.7) definition of ePortfolios as
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“student-owned digital working and learning spaces for collecting, creating, sharing, collaborating,
reflecting learning and competences… as well as storing assessment and evaluation”
This paper provides an integrative review of the recent literature on the use of ePortfolios in higher
education, with the overall aim of discerning whether or not they can be considered to be ‘effective’ in terms
of their impact on learning outcomes. It is acknowledged that potentially relevant literature dates back to the
early 1990s, however, as Klenowski, Askew and Carnell (2006) pointed out, much of this focused solely on the
use of portfolios for assessment purposes. Furthermore, there has been a noticeable surge in the number of
papers published on the topic in recent years (see Figure 1), reflecting factors such as the facilitating influence
of interactive Web 2.0 technology in the development of various ePortfolio platforms, and the launch of the
International Journal of ePortfolio in 2011. In light of this cumulative pattern, and to ensure that the most
recent developments are taken into account, this paper focuses specifically on research conducted since 2010.
To emphasize the fact that learning – as opposed to technology – should be the dominant consideration when
discussing these tools, the term learning portfolio is preferred, and used frequently throughout.
40
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Figure 1. The number of journal articles and research reports per year, returned from an ERIC search
using the terms ‘learning portfolio*’ OR ‘eportfolio*’ OR ‘e-portfolio*’ and the limiter ‘Higher Education’

Key themes
(i) Support remains predominantly theoretical
Despite the high volume of literature on learning portfolios published in recent years, our knowledge
of their effectiveness remains in its infancy. This was particularly well illustrated by a review conducted by
Bryant and Chittum (2013). Employing a rigorous and systematic methodology, these authors identified 118
peer-reviewed journal articles pertaining to the use of learning portfolios across all levels of the education
system. Of these 118 articles, 42% (n=50) were classified as ‘descriptive’ in nature, i.e. they simply made
theoretical arguments for the use of ePortfolios, discussed secondary data, or described specific examples of
learning portfolios in use. A further 9% of the articles (n=10) were classified as ‘technological’, i.e., they
described the features and usability of a certain platform (e.g. Mahara). The remaining 49% of articles (n =
58) were deemed ‘empirical’ in nature – that is, they presented original data from studies of learning
portfolios in a specific context. Of particular note, however, is that the majority of these empirical articles
were further classified as ‘affective’, i.e. they presented data pertaining to participants’ experiences with and
perceptions of using the portfolios, rather than those pertaining to actual learning outcomes. Although these
types of studies offer certain insights, it must be recognized that stakeholders’ attitudes towards portfolios are
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not necessarily indicative of their value as learning tools. Bryant and Chittum’s full breakdown of the research
on learning portfolios into various classifications is summarized in Figure 2.

Figure 2. The percentage of ePortfolio research articles classified as technological, descriptive, empirical
(affective) & empirical (outcomes), according to Bryant & Chittum’s (2013) review
Given the increasing and widespread use of learning portfolios in higher education in recent years
(Eynon & Gambino, 2017), the fact that such a comprehensive review just 18 published articles presenting
data on learning outcomes is concerning. Bryant and Chittum’s findings demonstrate that the discourse
surrounding the effectiveness of learning portfolios – at least in 2013 – was heavily grounded in theory and
opinion. In a special issue of the International Journal of ePortfolio, Rhodes, Chen, Watson and Garrison (2014,
p.4) reiterated this concern, and put forward a formal call for researchers to “move beyond case studies and
anecdotal stories towards more rigorous methodologies and data across individuals as well as institutions and
perhaps over time.”
In the intervening years, this call appears to have gone largely unheeded – with one or two
exceptions. Eynon, Gambino and Torok (2014) made an explicit attempt to address the issue, presenting
evidence from various portfolio initiatives across 24 U.S. campuses indicating that learning portfolio use has
been associated with higher levels of student success, in terms of improved one-semester retention rates,
higher cumulative grade point averages, and higher passing rates. Whilst these findings represent a move
towards the accumulation of more robust empirical support, they are also subject to several limitations –
something that the authors themselves acknowledged. For example, some of these portfolio/non-portfolio
comparisons were made across entirely different courses, or from an earlier stage of study to a later stage of
study, and in many cases, the learning portfolios were used “in conjunction with other high-impact practices”
(Eynon et al., p.96). Taking these factors into account, the observed differences cannot simply be attributed to
the tool alone.

(ii) Successful outcomes depend on effective implementation
A further limitation of Eynon et al.’s (2014) data is that they do not facilitate the identification of
potential mechanisms through which the learning portfolios may have enhanced learning. This type of
information is especially important, given the open-ended nature of learning portfolio practice, and the
disparate ways in which these initiatives can be implemented. Indeed, drawing on the findings of over 20
studies investigating ePortfolio use in various contexts in the U.K., Joyes Gray and Hartnell-Young (2010)
concluded that the extent to which the tool yields ‘successful outcomes’ is heavily dependent on the nature of
the implementation. In particular, they emphasized the importance of all stakeholders understanding the
processes involved in portfolio construction - a message that has been, and continues to be frequently
reinforced.
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Jenson (2011) reported how the introduction of a learning portfolio system with first year students
initially failed to meet its goals of fostering critical reflection skills and lifelong learning. These learners were
encouraged to engage in regular reflection – a process that, as outlined above, is understood to be central in
enhancing learning. However, an analysis of reflective statements over the first four years of the programme
revealed that they typically consisted of a couple of sentences describing what had been covered in class – at
best. Interestingly, when faculty members discussed this issue, several of them acknowledged that they had
not explicitly outlined what a good reflective piece should entail, and consequently, had failed to scaffold the
learners’ engagement in the process. Furthermore, upon consulting the literature, they realized that the term
‘reflection’ is often used to refer to similar instances of mere ‘description’. Authentic reflection, however,
involves an in-depth analysis of the skills learnt from a particular exercise - and ultimately, it should facilitate
high-road transfer – that is, the “deliberate effortful abstraction” (Perkins & Salomon, 1992, p.2) of these skills
from the original context to other diverse contexts. With this in mind, these instructors began implementing a
new set of strategies such as posing explicit questions to learners such as “why am I asking you to do this
assignment?” and “how and why might you use this skill professionally/in society?” Crucially, analysis of
reflections over the following four years revealed a considerable improvement in depth, with greater
percentages of learners clearly identifying learning outcomes and relating these to other course and to life
beyond university.
Jensons’s (2011) findings demonstrate that simply requiring learners to use portfolios to reflect on
their learning will not necessarily foster the desired outcome. Rather, instructors themselves must have a
clear appreciation of what is meant by reflection – and this in turn needs to be fostered in learners, via explicit
probing and scaffolding strategies. Moores and Parks (2010) reached a similar conclusion following a
learning portfolio trial with three different cohorts of occupational therapy and physiotherapy students; as
did Landis Scott and Khan (2015) following a review of 16 varied ePortfolio projects. Indeed, the latter noted
that the extent to which learners struggle to understand the concept of reflection is often a surprise to their
instructors. This lack of understanding is extremely problematic – not only does it preclude learners from
deriving the intended benefits of the learning portfolio practice – there is also evidence to suggest that the
experience can become increasingly frustrating and demoralizing over time. Struyven, Blick and DeRoeck
(2014) interviewed a sample of pre-service secondary school teachers at various intervals throughout their
engagement with a learning portfolio initiative in the context of a teaching internship. At the beginning of the
internship, the learners were positively disposed towards the concept, agreeing that the portfolios would
draw attention to their strengths and weaknesses, and facilitate the development of various teaching
competences over time. However, by the end of the internship, they no longer endorsed this view, and saw
the portfolios as being a mere “container for assignments” (Struyven et al., 2014, p.46). Many felt that the
‘reflection’ element was forced, or overdone, and perceived it to be a meaningless administrative activity
rather than a learning process. Some also believed there was too much focus on the ability to write, such that
those with good writing skills were likely to achieve the best grades for their portfolios, regardless of their
actual level of mastery of the teaching competences.
In many studies, technology has been identified as a major hurdle in studies of learning portfolio use.
Andrews and Cole (2015) noted that the complexity of the Mahara software, confounded by inadequate IT
literacy and limited technical support, reduced the perceived value of the portfolios among both teachers and
learners, and that this in turn yielded low levels of engagement and poor quality work. Similar findings
emerged from a survey of nursing and midwifery students conducted by Birks, Hartin, Woods, Emmanuel and
Hitchins (2016), with many describing the PebblePad platform as “not user friendly”. This message should be
heeded to some extent, however, it is extremely important that technology does not become the scapegoat for
failed initiatives that are in fact due to more conceptual shortcomings in the way learning portfolios have been
understood and implemented. As Matthews-DeNatale, Belvins-Bohanan, Rothwell and Wehlburg (2017)
pointed out, those implementing learning portfolio programmes for the first time often ask “what software
should we use?” when, in reality, they should begin with deeper questions related to purpose and learning
design. In the same vein, those attempting to unpack the reasons behind an unsuccessful implementation
should focus less on superficial features such as technology, and more on pivotal features such as pedagogy.
To recap: disappointing outcomes of learning portfolio trials can usually be attributed to a poor
understanding of the pedagogical processes underlying the tool’s use. With this in mind, it might be expected
that instances of more successful learning portfolio initiatives can be explained by a thorough understanding
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of, and thus meaningful engagement with these processes. As noted previously, studies including robust
outcome measures have been rare, however, evidence from attitudinal data seems to point in this direction.
Lewis (2017) surveyed a sample of B.Ed. students, each of whom had been using learning portfolios over a
period of five semesters and in seven different courses. In addition, a document analysis of the course study
guides was conducted, to obtain a measure of how the purpose and use of the learning portfolio was outlined
in each case. Lewis’ findings illustrated that enhanced learning was most evident in courses whereby the
purpose of the learning portfolio was made explicit, and whereby the curriculum design and activities
capitalized on the learning portfolio’s capabilities for constructivist learning and social pedagogy. That is,
when course designers and teachers evidenced a deep appreciation of the processes that a learning portfolio
is intended to support, learners perceived a more authentic learning experience. Favourable reactions
towards the learning portfolio were also reported by both Bollinger and Shepherd (2010) and Wakimoto and
Lewis (2014). In the case of the former, 85% of students agreed that the practice increased their desire to
learn, and many endorsed statements that explicitly mentioned key processes, such as “assisted me in
reflecting” and “helped me evaluate my own progress”. Those interviewed in the latter - a group of trainee
counselling and psychology students – indicated that the portfolio process had been useful for reflecting on
their competencies, and gave them insight into the developmental nature of becoming professionals.
Of particular interest with respect to all of the above studies are some additional factors that again
underscore the centrality of the processes underlying the portfolio, and the instructional and learning context
in which they are embedded (as opposed to the tool itself) in achieving success. To begin with, both Bollinger
and Shepherd’s (2010) and Wakimoto and Lewis’ (2014) studies investigated learning portfolio use in
graduate programmes. It may be that graduate students have developed some fundamental skills in reflection
and in making effective use of feedback during their initial course of study, and can therefore more readily
engage with learning portfolios. Alternatively, these learners could have benefited from having more
developed domain knowledge – a factor that has long been recognized by cognitive psychologists as playing
an important role in supporting and scaffolding higher-order thinking processes (e.g. Bruer, 1993). The
particular disciplines in question may also be a relevant factor. Wakimoto and Lewis’ (2014) learners were
training in helping professions, in which the skill of self-reflection is a central competency; similarly, teacher
education is also embedded in a culture of reflection (Lewis & Gerbic, 2012). It may be that the use of learning
portfolios aligns well with such disciplines, but not with others. More specifically, the extent of conceptual
change needed prior to the introduction of learning portfolios is likely to be greater in certain disciplines.

(iii) Striving for standards may erode individuality
Kunnari and Laurinkainen (2017) clearly highlighted the importance of viewing learning portfolios in
terms of the processes involved in their construction, describing them as “learning spaces for collecting,
creating, sharing, collaborating and reflecting”. Furthermore, the extant research (albeit limited) suggests that
the success of the learning portfolio is heavily dependent on the extent to which these processes are
understood and implemented. That said, there is an additional ‘product’ dimension to the learning portfolio
that also plays an important role, but can be difficult to assimilate into this discourse about processes. Indeed,
it appears as a somewhat awkward addendum to Kunnari and Larinkainen’s definition (“…as well as storing
assessment and evaluation”).
In almost all of the studies discussed in the previous section, the learning portfolios were formally
assessed at the end of the semester and assigned a grade – this how the tool is typically used in higher
education settings. Furthermore, in the domains of teaching and healthcare education especially, learning
portfolios are often linked to external standards or professional registration requirements, and as such,
double up as a long-term demonstrable record of competences, or record of ongoing professional
development. As Moores and Parks (2010) pointed out, using portfolios in this way may increase learners’
motivation and engagement with learning portfolio initiatives. Problematically, however, this is an extrinsic
motivation to learn – and one of the ultimate goals of learning portfolio practice is to foster intrinsic
motivation to learn. Chau and Cheng (2010, p.940) also noted how excessively prescriptive standards or
assessment guidelines can lead to a ‘clone’ effect across various portfolios, with learners “viewing conformity
to evaluation criteria as a more pressing imperative than individuality”. Learners themselves are often fully
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aware of this tendency – as illustrated by a participant in Kabilan and Khan’s (2012, p.1014) study, who
admitted to “repeating and paraphrasing what others have said.” This is particularly concerning, given that
one of the major theorized benefits of learning portfolios is their ability to facilitate a self-directed, personally
meaningful, and thus deeper form of learning. Ironically, this excessive ‘sameness’ across various portfolios
may also reduce their perceived value to prospective employers. Whitworth, Deering, Hardy and Jones
(2011), for example, reported that school administrators ranked a host of other factors as being more
important than portfolios in the teacher hiring process, with many expressing doubts concerning their
reliability and validity as an indicator of teaching ability, due to their prescribed and polished nature.
Unfortunately, there are no simple solutions to this tension between the developmental (process) and
evaluative (product) aspects of learning portfolio use, although the importance of fostering a sense of
ownership has been recognized to this end (e.g. Shepherd and Skrabut, 2011). Indeed, Thibodeaux, Cummings
and Harpnuik (2017, p.8) identified management of one’s own content, opportunity to assess one’s own
learning and other key indicators of “choice and voice” as being among the most important factors
contributing to continued use of learning portfolios beyond university. The specifics of “choice and voice”
however, can prove challenging. Joyes et al. (2010) suggested that learners should have control over what
and how often they share aspects of their portfolio with their instructors, but it is unclear how exactly this
practice would align with formal assessment. Others (e.g. Birks et al., 2016) have suggested allowing learners
to use software of their choice when creating their portfolios – but this flexibility needs to be balanced by
considering whether the functionality of certain software is rich enough to support deep learning and
reflection. Perhaps the most effective example of preserving learner autonomy whilst simultaneously
facilitating reliable assessment is the use of process-focused rubrics. Pennington (2011)’s Rubric for
Evaluating Portfolio Reflective Thinking, for example, does not specify what types of artefacts a learning
portfolio should contain or how they should be presented. Rather, it sets out distinct, but abstract criteria
describing increasingly sophisticated levels of different types of reflection in which pre-service teachers may
engage.
At this point it should be noted that there has been a growing interest in recent years in pairing
‘digital badging’ with learning portfolios. This practice has been portrayed as a way of helping learners to
realize the truly integrative potential of the learning portfolio in terms of connecting learning across
curricular and co-curricular contexts (Lloyd, 2015). However, it has also been viewed as a means of
incentivizing students to maintain and update their portfolios (Grush, 2015) – which, as highlighted earlier, is
problematic in terms of the distinction between intrinsic and extrinsic motivation. Ultimately, the integration
of badging within a learning portfolio raises complex questions, and is likely to further exacerbate the
product/process tension already inherent in the latter. As Buchem (2016) outlined, there are marked
differences between the two tools with respect to concept such as autonomy and the relative focus on
assessment. For instance, learning portfolios are created by learners, whilst digital badges are issued to
learners. Some believe that these differences threaten the supposed compatibility of these tools, and risk
“shifting the focus from learning to badge-collecting” (Buchem, 2016, p.349). On a more practical note, if
learning portfolio technology is formally linked with Open Badging software (Grush, 2015), this also cuts
across any decision to allow learners to use their own platforms to create their portfolios.
It is clear that the learning portfolio is conceptually located somewhere between process and product,
with the former recognized as being crucial to the underlying pedagogy and development of the lifelong
learning ethos, and the latter valued for its potential to provide formal evidence of the skills and competencies
learned. In practice, however, it seems there is a certain dissonance between these two goals that has created
significant challenges. In a particularly well-designed study, Cheng and Chau (2013) investigated the effects of
explicitly balancing the two. They first distinguished between different types of goal orientation that learners
may adopt when constructing their portfolios: mastery goal orientation (whereby learners strive to learn,
understand and develop competence in light of self-referential standards) and performance goal orientation
(whereby learners strive to demonstrate high ability relative to their peers, on the basis of normative
standards). Learners who simultaneously focused on both of these goals were said to exhibit dual goal
orientation. Upon analysing the content of various learners’ portfolios, Cheng and Chau (2013) concluded that
those exhibiting dual goal orientations displayed a higher level of persistence and also a higher level of
reflective competence than their peers. The study was considerably limited by a very small sample size (n =
26); furthermore, as the authors themselves pointed out, the validity of the measure of goal orientation might
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have been enhanced through triangulation, as opposed to relying solely on observations of portfolio content.
Despite these shortcomings, this research nonetheless provides a helpful template for the dual
conceptualization of learning portfolios that may be replicated and extended upon by others, and could
eventually play an important role in informing the design and development of new curricula to better support
future learning portfolio initiatives.

Summary & Recommendations
Despite the progressive growth of literature on learning portfolios in recent years, our knowledge of
these tools remains rather limited. Although there is a strong theoretical foundation for their use, a
consultation of the research reveals insufficient empirical support for their effectiveness, and a clear need for
more sophisticated evaluations. On the basis of the available literature, it is evident that portfolio
implementation can be fraught with difficulties, due to insufficient understanding of processes, and tensions
between the developmental and evaluative aspects. Difficulties with technology have also been cited, but
these are somewhat superficial, and typically mask deeper pedagogical deficiencies. It is clear that the
successful and sustainable use of learning portfolios in higher education requires considerable planning and
preparation, and a substantial commitment from all stakeholders. If this is not the case, the experience is
likely to be as Joyes et al. (2010, p.493) described, “like a game of snakes and ladders, where initial rapid
progress can suffer major setbacks.” In terms of future-proofing the practice such that potential ‘snakes’ are
avoided, the following recommendations are made:

(i) Future research should include empirical outcome data
There is a clear need for more methodologically robust studies of learning portfolio use that
triangulate outcomes (as measured by achievement data and demonstrable competencies) with the selfreported attitudes and perceptions of key stakeholders. This may involve analyzing learners’ reflective pieces
but observational methods will also be required if the mastery of complex competencies is to be captured.
Future studies should also make use of learning analytics generated by portfolio platforms to track use of the
tool over an extended period of time.

(ii) A thorough, shared understanding of portfolio ‘processes’ should be established
It cannot be taken for granted that instructors – let alone learners – comprehend the key processes
involved in the creation of learning portfolios. Portfolio use is based on a relatively novel and sophisticated
pedagogy, and it continues to evolve in response to changing educational demands. Indeed, as Clark and
Eynon (2009, p.19) pointed out, in the absence of an overarching professional organization, and a formal set
of guidelines for best practice, the use of learning portfolios in higher education “remains a movement, not yet
a field.” Individual institutions thus have a responsibility to engage with the literature - and with each other –
in order to develop a collective understanding of the theory underlying learning portfolios, and of specific
portfolio practices such as reflection and self-regulated learning. This will enable relevant stakeholders to
provide better informed and coherent support for teachers in developing same. Instructors, in turn, have a
responsibility to avail of this support, to communicate the value of the tool and the nature of the processes to
learners, and to develop curricula, learning activities and instructional methods that facilitate true
engagement with these processes.

(iii) Learners should ‘own’ their portfolios
Learners should be granted autonomy in selecting the nature of the artefacts to be included in their
portfolios, and – if feasible – the platform used to create them. A true sense of ownership may enhance
intrinsic motivation and engagement with the portfolio process, leading to a more meaningful learning
experience, and fostering the wider goal of nurturing self-directed lifelong learners. Possibilities of how this
sense of ownership can be further enhanced are also worth exploring.

(iv) The tool should be named and conceptualized with its primary goal in mind
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Given that the primary purpose of a portfolio is its most important characteristic, the nomenclature
should reflect this. If the intention is to support lifelong learning, then learning portfolio (as opposed to
ePortfolio) seems the most appropriate term. Furthermore, if universities are introducing learning portfolios
with the aim of producing “T-shaped” rather than “I-shaped” graduates, then the emphasis needs be placed on
developing the broad, cross-curricular skills that constitute the difference between these two concepts. That
is, learners need to be scaffolded in developing skills such as critical thinking and metacognition through the
creation of their portfolios. Such scaffolding can be facilitated by building strong constructive alignment
between individual course learning outcomes, programme level goals and outcomes, and institution-wide
generic graduate attributes (Oliver, 2013). If assessment is to take place, it should be evidence of these
dispositions that is assessed; such that learning portfolios complement rather than replace traditional tools
that contribute primarily to the development of deep, disciplinary knowledge. Ultimately, conceptualizing
portfolios as learning tools, as process-driven, and as catalysts in the development of the horizontal bar of the
“T”, may help ease the well-documented tension between their developmental and evaluative components.
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1. Digital Transition – Focus on Transition of Skills Requirements
“Digitalisation is the transformation of society and the professional world as a result of current
progress in information and communication technology” (Kreulich/Dellmann 2016, p. 11). Academic teaching
is frequently dominated by a vision of technical progress and to a lesser extent by one of the transformation
processes, and therefore of the requirements placed on students and graduates in the digital world. As a
result, there is increased use of digital learning methods such as E-learning, MOOCs, virtual classrooms,
online-platforms etc. This is probably quite justified, but in our opinion, it is short-sighted.
Additional justification for the focus on the use of digital tools in teaching can be found in evidence of
purportedly different skills that students have when they are admitted to courses. In the context of the USA in
particular, different skills profiles of the current generation of pupils and students have been emphasized. By
way of an example, one might mention the author Marc Prensky, who was the first to bring the term “digital
natives” into the debate and who now speaks of “extended minds” in connection with the availability of
smartphones amongst young people. “These new devices allow kids not only to take in information (as they
could with reading) and create reports (as they could with writing), but to combine, analyze, and manipulate
information in very new ways” (Prensky 2016, p. 14).
Indeed digital media like the smartphone open up entirely new potentials, and students are for the
most part conversant with diverse digital applications. But the description of a generation of digital natives
and multitaskers is proving to be a myth. Based on the appraisal of a large number of relevant studies,
Kirschner/de Bruyckere (2017) reach the conclusion that there is no such thing as a generation of digital
natives: “These researchers found that university students (…) do not have deep knowledge of technology,
and what knowledge they do have is often limited to the possibilities and use of basic office suite skills,
emailing, text messaging, Facebook, and surfing the Internet” (Kirschner/de Bruyckere 2017, p. 136). The
term ‘digital native’ moreover conceals students’ need for support in developing digital skills (cf. ibid, p. 137).
The same is true of the myth of the facility for multitasking: “In general, research has shown that when
thinking or any other form of conscious information processing is involved in carrying out a task, people are
not capable of multitasking and can, at best, switch quickly and apparently seamlessly from one activity to
another. The key word here is again ‘apparently’” (ibid p. 138).
The need to foster digital skills becomes particularly patent when coping with the digital information
explosion. In November 2016, the Stanford History Education Group published a report on the ability to
discern the relevance of online information, with the result that most of the nearly 8,000 students involved
were not able to distinguish fake news from real information: “Our ‘digital natives’ may be able to flit between
Facebook and Twitter while simultaneously uploading a selfie to Instagram and texting a friend. But when it
comes to evaluating information that flows through social media channels, they are easily duped” (Stanford
History Education Group 2016).
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The use of digital media for teaching in higher education institutions can be entirely reasonable,
precisely as a way of fostering digital communication skills. However, in our view, the focus should lie not on
the technical possibilities, but rather to a much greater extent on the change in skills profiles. With regard to
the digital transition, both the obvious competency areas, such as communications skills, and the shifts in less
visible areas of competency, should be taken into account.
One simple example from the field of engineering may illustrate this: as a result of digitalisation and
networking, data are becoming our central currency. For engineers, it is no longer solely about skills for
understanding the way in which devices and apparatus work, but also about the ability to choose and apply
suitable sensor and measuring technology, in order to reach the truly useful data. We should be able to foster
this ability in engineering courses and as a result, it should be reflected in suitable curricula.
Whilst the changes caused by digitalisation and networking in society and the professional world
proceed at a rapid pace, in most cases the development of curricula in higher education institutions takes
place rather sluggishly (cf. Jenert 2016, p. 122). Alongside the need for new, transformed skills profiles, the
curriculum-developing process should also change in order to be able to fulfil the needs of present and future
generations of students. A three-step strategy is presented here as a possible response, one we are currently
testing in our own higher education institution: taking skills orientation seriously, identifying skills profiles in
the digital world analytically and discursively and making curriculum development agile.

2. Taking Skills Orientation Seriously
The concept of skills orientation in study and teaching has – at least formally – been considered and
implemented extensively in the European Higher Education Area (Schaper 2012, p. 6). “The skills-oriented
design of courses of study, classes and testing is a central requirement of the European Academic Reforms and
(…) with others, has found its way into the common structural guidelines of the standing conference of
ministers of education and the German qualifications framework for university degrees” (HRK Nexus, no date
given). Newly-developed courses of study must be described in terms of skills orientation and the different
levels of qualification have to be defined by means of indicative skills targets.
Nevertheless, “only in a few cases has it been possible to adequately implement the didactic
requirements associated with skills orientation” (Schaper 2012, p. 6). This is hardly surprising, and
orientation towards learning outcomes and the accompanying focus on skills’ acquisition by students
necessitates a demanding change in teaching and learning culture (a shift from teaching to learning). The
priority is no longer the transfer of knowledge by teachers, but the acquisition or further development of skills
by learners: higher education graduates should be able to exhibit effective, suitable methods for resolving
issues and problems relevant to everyday life and professional matters. They should be able to translate
knowledge into action (and thereby avoid inert knowledge), something which largely constitutes a high
demand in terms of the didactic and methodical structuring of teaching and examinations for the stimulation,
support and furtherance of this development of skills in students.
To be able to satisfy the demand for skills orientation in practical terms, and establish coherence
between learning outcomes, teaching and learning procedure and examination methods, the concept of
constructive alignment (cf. Biggs/Tang, 2011), has gained currency in higher education institutions. Based on
the formulation of curricular and extracurricular skills as a result of students’ learning process (learning
outcomes) adequate teaching and learning formats and examination methods are being conducted. This is a
demanding process, because different teachers have first to agree on common learning outcomes, realise the
importance of extracurricular skills and then draw conclusions from this for the design of their teaching and
testing, which often means abandoning ‘well-trodden tracks’ and makes for extra work.
To support this, so-called curriculum workshops are offered. They are a forum for communication in
which a project group – ideally consisting of all the components such as course leaders, academic deans,
teachers, students and external placement representatives, among others – comes together and appraises the
development of the course of study as a group task (cf. Harth 2015, p. 39). The inclusion of external
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moderation, advice, support and above all didactic encouragement – by a higher education institution’s
internal centre for quality development or for teaching innovations (cf. Teplovs/DeVaney 2016) – can
reinforce this process considerably. The external expertise may also include an open, methodical approach,
such as support for differentiation of different skills levels (cf. Andersen/Krathwohl 2001) or assistance with
reflecting interim results.
Practical examples from the specific development of courses of study in curriculum workshops show
that this method can lead to agreement on common learning outcomes at course level and realisation of the
considerable importance of extracurricular skills. Harth et. al. (2017) for example spoke of the successful
operationalisation of the qualification target of ‘life-cycle-oriented planning, building, operating and
dismantling of structures’ in a curriculum workshop with structural engineers at the Münster University of
Applied Sciences. Professional and interdisciplinary skills were prioritised in the discourse. “In this process,
for example, all the parties involved become aware of the outstanding importance of the audience-specific
communications skill with respect to local politicians, the administration, members of the legal profession and
developers. This and similar experiences led to a eureka effect in the participants, in that this tedious process
of formulation is actually worthwhile in terms of content, furthering the course qualitatively and giving rise to
ideas for methodical implementation in teaching, and does not only serve formal requirements for the
purpose of ‘application language’” (Harth et.al. 2017, p. 18).
However, taking skills orientation seriously does not only signify consequent learning outcome
orientation, but also consideration of different skills students have when they begin a course. The concept of
constructive alignment should correspondingly be considered further, specifically in terms of coherence
between
 Learning outcomes,
 Heterogeneous skills students have at the beginning of courses,
 A learning process supported by suitable teaching methods in which the different skills upon
beginning courses (and styles of learning) are therefore given appropriate consideration and
 Examinations that measure the level of attainment of learning goals.
It is worth considering this concept of skills orientation under the influence of the digitalisation of
society and the professional world.

3. Identifying Skills Profiles in the Digital World
Changed or new skills requirements become apparent from the examples given at the beginning of
altered communications behaviour or the new status of electronic data in society and the professional world.
The deluge of information can only be controlled with appropriate abilities to choose and filter; the evergrowing mass of data in work and business processes must come with the ability to think and act in a transsectoral manner. In this way, digital technology in building automation, for example, will only be
environmentally-friendly if the response to strong solar radiation is automatic control to obtain more shade
instead of more cooling of the space, and experts from all walks of life work hand in hand.
However, it cannot only be a matter of new, changed skills requirements; rather for each course of
study, we must identify the skills areas that are becoming less important due to the digitalisation of society
and the professional world, because these types of activities will be able to be performed better digitally in the
future. These include above all repetitive, routine tasks.
In the digitalisation debate, the change in skills profiles is frequently thematised, albeit in a rather
general and unsystematic way. Surveys of companies, for example, see in particular an increase in importance
in team spirit, independent working, an ability to analyse and make decisions due to digitalisation (cf.
Stifterverband 2016). The Director of the Centre for E-Business at the Massachusetts Institute of Technology
(MIT) emphasised the need to promote teamwork, creativity and social skills in particular (cf. Brynjolfsson
2016). Manuel Hartung introduces a facility for uncertainty into the debate, that is, “the property to always
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question oneself over and over and to respond to that” as the new core skill (Hartung 2017). In a rather more
systematic fashion, Kreulich/Dellmann highlighted three characteristic shifts resulting from digitalisation, in
the extracurricular skills areas of methodical, personal and social competences (cf. Kreulich/Dellmann 2016,
p. 21-52). By way of an example, the leadership skills’ requirements in digitally networked teams are
changing, as not only is the customary basis of young people learning from older ones no longer valid, but also
different forms of skills will have to be brought together synergistically in the generations (cf. ibid., p. 43).
Following up on the position paper by Kreulich and Dellmann (2016), at the Münster University of
Applied Sciences the general debate on changes in skills profiles due to digitalisation was the subject of
workshops both in the university and elsewhere. Higher education teachers from different disciplines carried
out joint research on changes in skills influenced by digitalisation from their specialist perspectives. At first,
they considered obvious academic changes and the evident shift in the field of communications skills towards
multitasking abilities or the ability to deal with an overload of data and information (ability to focus).
However, they also considered relevant changes in extracurricular skills due to the influence of digitalisation,
which were only revealed upon closer inspection.
In addition, by way of an example, certain courses were jointly taken into account (logistics, building
automation), in which the digital change is particularly pronounced technically speaking. At the same time,
digital teaching formats (e.g. a health skills lab, a live classroom for social work courses) are examined more
closely for their potential in terms of skills acquisition in the digital world. The aims of this collegial exchange
were:





to raise awareness of the transformation brought about by digitalisation amongst teachers,
to make good practice transparent in all areas of higher education,
to identify further training needs,
to generate conclusions to be applied to curriculum development and the didactic and
methodical structure of teaching,
 to adapt higher education infrastructure (e.g. library facilities, lecture hall / seminar room
design) to meet the demands of the changed skills.
Three central dimensions can be identified from this almost two-year-long discursive process, which
can be used for the revision of curricula:

3.1. New Skills Areas
The influence of digitalisation on society and the professional world leads to entirely new skills
requirements – in particular extracurricular ones – which we were able to work on illustratively in the
workshops. As a result the level of obvious new skills that emerge when dealing with new digital technologies
could be used as a point of departure in the discussion, so as to identify concealed, more in-depth skills
requirements by way of an example. For instance, the new transfer competence describes the ability to
transfer experiences from the virtual world to the actual conditions of the real world. Care work on an
interactive dummy in the skills lab at the university has to be related to the context of the real environment at
the hospital bedside (overcrowded wards, insufficient time etc.). Digital programs to calculate a room’s heat
requirement or for selecting technical components like roller bearings alleviate routine processes for
engineers, but also call for critical scrutiny of the results and the deliberate examination of adaptation to real
conditions.
The ubiquitous use of data alone does not make sensitive treatment of data necessary. Precise
contemplation of this necessary sensitivity leads to broader areas of responsibility on the globally networked
market. What role shall I take up in virtual space, as opposed to in real space? What (non-erasable) tracks do I
leave behind in digital space? What responsibility do I have towards my private and professional environment
when handling data?
The increase in complexity of processes and operations precipitated by digitalisation can often only
be overcome with the appropriate use of digital tools, indicating not only the obvious applicability of these
tools, but also the need for (basic) comprehension of the functioning of these digital services as new skills
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requirements. However, this should not go as far as demanding that programming and coding become a fourth
cultural technique (alongside reading, writing and arithmetic) (Roland Berger Stiftung 2017, p. 23).
These exemplary approaches can be used to illustrate the fact that skills profiles in the curricula of
courses should be enhanced by digitalisation, and that consequent changes are necessary in the teaching and
examination process. This also applies for skills’ shifts.

3.2. Altered Skills Profiles
In the virtual world, the ability to work in teams is trending towards interculturally-sensitive, written
collaboration skills over spatial distance. At the same time, in many cases problem-solving abilities are shifting
towards intelligent use of different team resources in the global, virtual space. Problem-solving processes in
higher education should therefore be designed collaboratively and analogously to the virtual team process.
The potential to appraise digital data (learning analytics) and the possibilities of digital storage of
learning processes can make the skills acquisition process more visible. Students can, for example, be filmed
during learning activities, e.g. in simulations of professional activities or during laboratory experiments,
allowing for collective analysis of the learning process and reflection, which may complement summative
assessment. Similarly targeted learning processes can be taken into account, for the appraisal of data for usage
of learning resources, tasks or collaborative learning opportunities (e.g. offers to network students in real or
virtual learning groups), and used for practising analytical, perspective-changing and reflective skills.
With all the novelties and changes in skills profiles, when focussing on the digital transformation, the
significance of basic (analogue) skills was particularly taken into consideration in the discourse.

3.3. Relocation of Skills
Digitalisation is often associated with acceleration processes and (all too) immediate
solutions. For example, students in the fields of design, architecture or engineering turn all too
quickly to different computer programs for planning, designing and construction. The program in
question then defines the operational framework. But this leads to the structured actions in the
planning, construction or design process overlapping or turning out to be too short in many cases.
The response to this deficit is the conscious deceleration of the learning process, a return to the
analogue space and a focus on basic skills. Before digital tools are applied, students should, for
example, be taught the ability to find their own ideas with a pencil and paper; the evaluation,
estimation and calculation of significant construction parameters should be strengthened, or the
focus placed on basic research during planning. In curriculum development, when modules are
designed, care should be taken to ensure there is sufficient space for these basic skills to be coached
and developed.
In addition to the analytical-discursive search for skills profiles in the digital world in the
context of workshops in and outside the university referred to in 3.1.-3.3., in 2017 a qualitativeexplorative study was carried out in five German higher education institutions.

3.4 Qualitative-Explorative Study on Skills Profiles in the Digital World
The skills-oriented revision of curricula and consideration of skills profiles for the digital world call
for considerable effort from higher education teachers in terms of time and organisation. Moreover, the work
on curricula vies with research and teaching tasks. Curriculum development can only take place with relevant
engagement on the part of professors if they share the imperative for adaptation of skills profiles. While the
outlined, generic search for skills profiles for the digital world can lead to a fundamental willingness, a more
in-depth inclusion of the perspective of teachers helps further legitimate this approach.

233

Accordingly, 33 guided interviews were conducted at five German universities (Muenster, Munich,
Osnabrueck, Cologne and Bremen, as partners in the UAS7-Verbund) with professors from different fields of
expertise. The interviewees were chosen in view of their receptiveness to the topic. However, care was taken
to ensure as wide as possible a diversification between engineering, economics and social sciences and
creative disciplines, and between courses closely associated to digitalisation and those unconnected to it. The
largest number of interviews was held at Munich University, followed by the Muenster University of Applied
Sciences. The qualitative-explorative approach makes sense here, as valid quantitative data on the skills
profile for just one particular professional area would imply a considerable research effort. The resulting
demand for identification of university-wide skills profiles for all courses and professional areas in a higher
education institution can hardly be reliably generated within a reasonable time and with reasonable effort.
Universal statements on skills shifts are not realistic. Ultimately, the experts from a specialist field must give
advice, within the specific curriculum development of their course, on their specific skills profiles and their
perceptions of changes, but they may be able to profit from the preliminary work outlined here.
In order to assess the interviews joint guidelines were developed, clusters were generated from the
statements, the coding was differentiated and the first results were gathered. Two striking results can be
mentioned after the appraisal carried out so far:
 As well as the change in technical demands, the teachers are aware above all of the significance
of extracurricular skills arising from the digital challenge. Whereas knowledge of (digital) tools
and technologies is emphasized above all in the area of specialist skills, the appraisals of
necessary extracurricular skills profiles are distributed through all areas. Thus, research and
evaluation capabilities (methodical expertise), teamwork and social-emotional competences
(social skills) and personal competences such as the ability to relax, flexibility, openness and
lifelong learning were frequently described in the interviews.
 In particular, reflection skills seem to be especially meaningful for teachers with regard to the
digital challenge. Specifically, teachers placed particular emphasis on reflection on the use of
digital technologies and reflection on one’s own person. This finding coincides with the basic
mission of universities, which was defined by Wilhelm von Humboldt: “The nature of thinking
consists in reflection, that is, in the act by which the thinking subject differentiates itself from its
thought” (Humboldt 1795/96, p. 97).
The analysis of the interviews will be continued over the course of 2018 and discussed in joint work
sessions with all seven universities. In parallel, the Muenster University of Applied Sciences is experimenting
with an agile curriculum development process.

4. Making Curriculum Development more Agile
The insight into new, altered and relocated skills profiles illustrates the need to rethink higher
education curricula in the digitalised world. The qualitative-explorative study underlines this. In order to
determine what students should learn today, skills changes must be identified, anchored in modules and
actively integrated into teaching and testing.
Moreover, making higher education curricula more practically relevant in the digital world is more
urgent than ever now. A look at the field of vocational training can be helpful in this regard. The goal of
attaining professional skills posited in vocational training is manifested in the organisation of professional
teaching in learning fields rather than in teaching subjects. These learning fields are oriented towards
professional operating logic (cf. Riedl, 2011). In the learning field of mechatronic engineering, for example,
there are 60 teaching hours devoted to actually repairing a gearbox, as opposed to purely academic content
such as gearbox technology, materials science or manufacturing technology. In this theoretical concept, the
transformational dynamic of digitalisation can be simultaneously followed and considered (even if this not
always achieved or attempted in practical vocational training). In educational discourse in the USA, in light of
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the new digital possibilities there is talk of the need for orientation towards “real-world problems” in
educational processes (Prensky 2016, p. 3) and of “educating a generation of solutionaries” (Weil 2016).
In our higher education institution, the high level of practical relevance of teaching also consitutes an
attempt to make curriculum development agile. Based on the agile Scrum software development method (cf.
e.g. Goll/Hommel, 2015), an agile curriculum development process was created at our Institute for Technical
Business Management. In the ‘Digitalisation’ module, budding industrial engineers are given the task of
conducting interviews with business managers, divisional heads and personnel officers, in order to identify
current and specific skills requirements. The results of the interviews (supplemented with further data) are
compared with the course skills profile. The goal is not only to make students aware of current skills
requirements, but also to react to this straight away, during the course of study, with modifications to the
module (learning outcomes and structure of teaching). This pilot project was recognised and supported by the
Donors’ Association for the Promotion of Humanities and Sciences in Germany in funding scheme Curriculum
4.0, as one of nine projects across Germany in 2016.
After one year of duration of the project, the surprising finding is that the practitioners and decisionmakers from the professional world do indeed assume that significant changes in skills requirements have
taken place due to digitalisation, but are unable to specifically point to these changes. Therefore, in future,
surveys of the parties involved will be replaced by joint design thinking workshops for the generation of
specific skills requirements.

5. Summary
The Bologna reforms in the European Higher Education Area (European Commission 2015) raised
awareness in higher education institutions for skills and outcome orientation. This orientation received
additional legitimation when the skills requirements in the digital world were looked at. What skills do
students really bring to the university in the digital age? What skills profiles should university graduates have
at their disposal? These questions should be posed in the context of curriculum development. Exemplary
approaches to skills profiles can make the digital transition tangible and help us move away from the
buzzword level. Qualitative feedback from the perspective of teachers can support this approach for new,
changed or shifted skills profiles. The growing significance of the ability to reflect is a surprising, valuable
initial finding from our qualitative-explorative interview-study. Another strategic approach for the
contemplation of skills profiles in the digital world that we define is agile curriculum development. Skills are
changing in such a sustained manner, under the influence of digitalisation and networking, that universities
must react more swiftly in their curriculum development.
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Why strategies for digital transformation in HigherEd?
Universities are increasingly adopting digital technologies for teaching. A lot of research has been
devoted to analyse the effects of educational technology on learning. For more than five decades, research on
digital media in learning has studied the effects of educational technology on achievement in schools and
higher education. Given the vast amount of single studies on the topic, meta-analysis have been conducted to
aggregate these findings. Since the seminal work of Kulik & Kulik (1980) results of these meta-analyses
demonstrate a remarkable stability: Digital technology can improve learning, especially when combined with
traditional face-to-face instruction with different power in various fields of education. With the proliferation
of meta-analysis, Tamim et al. (2011) have gathered these results into a meta-meta analysis, again proving a
significant but small effect that „the average student in a classroom where technology is used will perform 12
percentile points higher than the average student in the traditional setting that does not use technology to
enhance the learning process“ (p. 17).
Therefore, the goal of educational reform in universities can not be confined to the implementation or
dissemination of digital technology in the classroom. It must center around the options digital technology
offers for new perspectives of teaching in learning, for the development of new curricula, new instructional
methods and new ways to offer and to arrange learning opportunities for students.
This short summary of major findings in research on the impact of educational technology has
substantial implications for the discussion in higher education. A university has to provide digital
infrastructure for teaching and learning, starting from basic digital tools (e-mail etc.), learning and teaching
management systems and ending with advanced and sophisticated technology for exploring new ways of
delivery and learning experiences. But given the outlined state of research on the impact of educational
technology it seems probable that the availability of digital tools for learning does not improve the quality of
learning and - above all - does not change teaching and learning habits. It does even seem more plausible that
teachers will continue there routine of teaching they have developed over years - with digital technology. In
the past, this scenario has repeatedly led to the observations that despite heavy investments into digital
technology the daily routines of teaching in schools have not changed substantially. Therefore, many critics
have come up questioning the usefulness of these investments.
From the perspective of educational technology, however, the successful implementation of digital
media that leads to a substantial gain in the quality of learning requires re-thinking the concepts of teaching
and learning in a given school. For the administration, then, it becomes necessary to define the goals the
institution wants to address with the use of digital technology and the actions that are necessary to foster
change. For the institution, the aim is not to implement digital technology, the aim is to find ways digital
technology can help to increase institutional goals.

Strategy Workshops in "E-Learning NRW"
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The "E-learning Office NRW" is serving all 37 public universities in the German state of North Rhinewestphalia in the development of competences for teachers and instructional designers and supports network
building of e-learning professionals at these universities. For this, the office organizes workshops and
conferences at the learning lab of University Duisburg-Essen. One line of activities relates to the development
of digital strategies for teaching. Universities Vice-presidents are invited to participate in workshops where
they present digital strategies and discuss various options and measures for implementing a digital
transformation.
The public universities in Germany differ substantially in their background and goals: Some small
universities with only some thousand students to larger universities of more than 50.000 students, some full
research universities offering study programs that cover a broad range of topics and some universities with a
certain focus, e.g. on music and fine arts. Therefore, the workshops wants to address that - beyond a general
trend of modernization - each university has to decide upon their own strategy with regard to digital
technology.
In analysing the results of these workshops we have extracted central arguments and perspectives
that have been brought forward from this wide variety of universities. All workshops have centered around
the crucial question: What are strategic goals that can be coupled / can be pushed with digital technology?
After several iterations we could identify the following central arguments that demonstrate central
topics that have been addressed in these discussions. Basically, universities can aim at several goals they want
to achieve with the advancement of educational technology, but the major arguments can be clustered around
the goal to ...
-

-

improve the quality of teaching and learning
- by increasing the intensity of learning, support active learning (e.g. by providing materials for
training and self-assessment)
- by supporting individualized / personalized learning
- by supporting online social learning
optimize educational services (e.g. with digital registration, information, support, counseling, exams),
improve outreach and to reach new target groups (e.g. lifelong learning, professional development,
internationalization).

Key stakeholders perspective
Digitization in higher education has implications on teaching on all levels. Key stakeholders
promoting digitization in the field of teaching and learning on a strategic level are primarily found at
management level, where fundamental decisions on design and focus of institutional strategic plans are made.
They interact with stakeholders on political levels (federate and nationwide) and within their own institution
with professors/ chairs. We focus on stakeholders with impact on strategic and political decision making and
their motives to give digitization a strategic significance:
-

the chair/ professor
the institution: university, faculty or school
politics: (federal) ministry

The key question is: Who can raise the profile and position themselves with digitization and what
would be the main objectives.
Professors and academic staff will have specific motives to use digital media in their teaching practice,
depending on their view on digitization. If they perceive digitization merely as “modernization” they will act
differently, from when its perceived as a chance to position themselves.
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When modernization is the key motive, the focus lies on the hope of increase in efficiency in the
organisation of study and teaching. The online accessibility of study-material, an easier communication with
students via digital media and more flexibility in the organization of study-programs are crucial benefits. If a
professor wants to increase attention and raise awareness for his or her teaching practice, they will rather
focus on innovative approaches to improve their educational content.

Stakeholder
Chair, Professor

Modernization Strategy
● Increase in efficiency in the
organisation of study and
teaching

Profiling Strategy
●
●
●

Institution: University,
Faculty, School

● Increase in efficiency

●
●
●

Politics

● Increase in efficiency and
capacity

●
●
●

Innovation in teaching
Increase attention and raise
awareness
Distinguish from expert
colleagues
More attractive study
programs
More flexibility
Distinguish from other
universities/ faculties/
schools
Networks
Cross-university solutions
Distinguish from other
(federal) states
(Getto, Kerres 2017, p. 130)

On an institutional level digitization can bee seen as a modernization strategy or profiling strategy.
According to a study by Uhl (2003) Universities will primarily focus on the following strategic topics as
elements of differentiation:
-

to increase outreach
to improve quality in teaching and learning
a substantial expansion of the study program

Is digitization seen as a subject due to technical achievements, universities will follow a specific
strategic approach focussing on improving e.g. their technological infrastructures, learning-managementsystems or administration programs. In the digital age these technological optimisation measures can not be
seen as a specific feature of an institution, they are basic requirements for a modern operational procedure.
Digitisation is here an instrument for more efficiency. There is therefore no strategic focus on the digitization
of teaching and learning.

Case: University Duisburg-Essen
The University Duisburg-Essen (UDE), one of the ten largest universities in Germany, is located in the
ruhr area, a densely populated industrial region. The university can be characterized by a notably large
diversity within its student body, including many students with a migration background, international
students, "first-generation students" from non-academics families and other so called non-traditional students
that study part-time, or have responsibilities as parents or taking care of family. Following its claim „Open
Minded“, the university's strategy focuses on diversity, inclusion and educational equity. The main mission
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then is to provide fair education and to support every student, independent of gender, ethnic, social or
religious background.
Diversity & Diversity management at the UDE6

The University has always been strong in the field of digital teaching and learning, within the past 1015 years several programs and actions to advance e-learning in education have been implemented. In 2014,
after a long process of internal discussions the university launched an e-learning-strategy to proliferate the
use of digital technology in all faculties. Its main objectives are the flexibilisation of learning, to improve the
compatibility of study and private / work life and quality development of teaching. Different from a university
offering distant education, it is unlikely that the university will give up traditional face-to-face teaching. Digital
learning is seen as an additional tool that shall not replace face-to-face teaching and learning but should be an
intelligent supplement to improve learning. With these basic points, the E-Learning strategy has been made
part of the larger University's strategic development plan 2016-2020 which makes clear that the goals of the
E-Learning strategy must contribute to the more general strategic goals of the universities mission to
openness.
To promote openness in the field of teaching and learning the UDE has launched a 2-year project to
develop a project to support the production, dissemination and use of "open educational resources". With this,
the project aims to enhance outreach and educational equality, it wants to improve teaching and learning by
using open technologies that facilitate collaborative, flexible learning. The pursuit of openness is also
understood as an instrument of the overall strategy to set the university up for her diverse students ́ needs: To
make education fairer, more flexible and: more open, with easier access to study (Mulder & Janssen2013). The
challenge facing the university is how to serve the open learners who access the open resources (McAndrew,
2010).
The scope of “openness“ as an institution-wide objective has yet to be differentiated. Andrade et.al
(2011) offer a scale to assess an institution's pedagogical level of “openness” by judging the nature of the
educational goals and social practices present, i.e. low openness is characterized by solely aiming for
“knowledge transmission” while high openness aims for social practices, co-creation and sharing of
6

Sources:

UDE-Survey of First-Semester Students, undergraduate study programs, 2014/15 (n=3.718)
UDE-Panel Care Responsibilities, 2014/15 (n=1.069)
UDE-Study-Panel, 2014/15 (n=714)
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knowledge, while learners can also participate in setting the methods and learning objectives (cf.ibid.5). For
the university, it is an ongoing process to find a clearer understanding what kind of openness the university
wants to address in the future and how digital technology shall support the openness the university wants to
aim at. Given the fact that a (public) university can not be ruled top-down like a private company, this process
of clarification needs a discourse that has to be moderated and supported. Openness can only be lived if the
members of the university share the idea and elements behind it, they are convinced of such a mission and
contribute in their daily routines.

Final Remarks
The workshops with university's management have clearly demonstrated that finding and defining a
digital strategy for teaching and learning is not a trivial endeavour. Universities are quick to take measures to
implement certain digital technologies, they invest in platforms, tools and applications. Often, substantial
financial investments are made that lead to follow-up activities needing even more long-term investments.
Most of the actions are geared by the assumption that digitalization is a general trend a university has to
follow. Investment decisions are not following a strategic plan but are based on daily micro-politics and intraorganisational negotiations of stakeholders. Our workshops have pointed out that it is difficult for a university
to develop a strategic plan for digital transformation in HE. Discussion at the management level of strategic
options, of processes for the development of strategic plans and measures can be helpful in supporting these
endeavours. The case of University Duisburg-Essen has demonstrated how their e-learning strategy can be
bound to an overall university's mission. It also hints at possible limitations when it comes to a clear
understanding and a shared vision of the implications of openness for digital learning.
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