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Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

ASCILITE 2019 — Personalised Learning. Diverse Goals. One Heart.

The ASCILITE 2019 Conference is ASCILITE’s 36" International Conference of Innovation, Practice and
Research in the Use of Educational Technologies in Tertiary Education. This year’s conference was hosted by the
Singapore University of Social Sciences (SUSS), and held at the University’s campus, between 2 to 5 December
2019.

The theme of ASCILITE 2019 "Personalised Learning. Diverse Goals. One Heart." brings together the focus on
the learner's needs in the use of technology and sound pedagogical practices. It recognises the diverse motivation
behind each learner in the design of curriculum and the common goal in contributing to the betterment of the
global society. Singapore, being the place for people of different ethnicity, culture and religion to pursue their
passion and dreams, personifies the idea of “Diverse Goals” but “One Heart”. This theme also coincides with the
educational aspiration of SUSS, and Singapore at large, that regardless of students’ goals, different backgrounds
or life stages, it aims to equip them with the real-world knowledge and practice-oriented skills to excel, both in
life and in their chosen career. Welcome to ASCILITE 2019 in the city state Singapore.

Conference Tracks

Conference submissions identifies the conceptual, applied, and theoretical research contributions on the following
six conference tracks:

1. Visions and Explorations in Digital Learning, Pedagogies & Spaces
This exploratory theme encourages the sharing of new, emerging or tentative trials and experimentations of work
that incorporates digital technologies into pedagogical instruction and learning, as well as learning spaces.

2. Practices and Challenges in Technology Enhanced Learning

This theme encourages contributions in the states of affairs, structures or collaborations needed, in order for
technology enhanced learning to take root in a meaningful, scaled or sustainable manner. Personal reflections on
obstacles, mistakes or lessons learnt in systems implementation are welcomed.

3. Nurturing Digital Competencies for Teaching, Learning, Work & Citizenship

This theme focuses on the attributes, attitudes, understandings, skills, dispositions and related digital competencies
needed by educators and learners in formal and informal learning environments, including in Institutions of Higher
Learning (IHLs) and at the workplace.

4. Data Analytics & Evidence to Improve Teaching & Learning
This theme is for the empirical, quantitative, interpretative or impact analysis of (a) digital learning issues or (b)
the use of digital interventions to illuminate issues of teaching and learning.

5. Continuing Education: Learning Enrichment Throughout Life

This theme focuses on inclusive and lifelong learning initiatives or pedagogies related to upskilling and reskilling
for work, as well as in the contexts of active and productive leisure, ageing, citizenship to meet local, regional and
global learning needs.

6. Technology as a Catalyst for Social Impact
This theme focuses on how technology could be used for learning to create social changes and how educators and
students alike can be motivated to use technology to make a difference in the society.

Conference Organisation

The Singapore University of Social Sciences’ ASCILITE 2019 Conference Organising Committee, led by
Professor Cheah Horn Mun, includes Associate Professor Rebekah Lim Wei Ying, Associate Professor Chui Yoon
Ping, Dr Renee Tan Hui Ling, Mr Lee Chye Seng, Ms Chan Kah Mun, Mr David Toh Tian Kheng, Ms Katherine
Lin Daomin, Ms Rebekah Lim Shi Yun, Ms Choong Fong Ling, and Ms Stephanie Tiu Ting Wei.

The Conference Programme sub-committee included Dr Low Wai Ping, Dr Patrick Shi, Dr Lin Feng, Dr Vikki

Bo, Dr Sharleen Chew Yi Wei, Dr Lyndon Lim, Dr Ho Yan Yin, Dr Regina Lee Wan Peng, Mr Arthur Chia, Mr
Eric Lee, Mr Muhammad Firdaus, Ms Jameela Kassim, Ms Cindy Neo Poh Peng, Ms Alfieana Alphonso, Ms
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Juwanita Binte Abdul Wahab, Ms Sharlene Soh En Xian, Ms Magdalene Tan Mui Ling, Ms Eve Ng Soo Cheng,
Mr Chiu Lung Ting, Mr Huang Junxian, Ms Tan Peiyu Peggy, Ms Bernie Png, and Mr Tian Zhiyuan.

Review Process

Full papers, Concise papers, Extended Abstracts (PechaKucha), and Posters submitted for the conference
underwent a double-blind peer review process. A third blind peer review was conducted if opinions between the
two reviewers was divided. This process allowed papers to be ranked and selected for inclusion in the conference.
A further review was conducted by the ASCILITE 2019 Academic sub-committee for papers just above and below
the anticipated cut line.

Panel discussion, Symposia, Debates, Experimental sessions, and Pre-Conference Workshop submissions
underwent a single-blind peer reivew. Proposals that were at the cut-off line were also examined by the ASCILITE
2019 Academic sub-committee.

A total of 199 submissions were received for the 2019 conference, and all were either blind peer reviewed or
double-blind peer reviewed. A further 13 non-peer reviewed submissions were added to the programme. The
EasyChair Conference Management System was used for the submission and review process, for papers across
the six conference themes.

Table 1: Summary of paper submissions and acceptances for ASCILITE 2019

Type | Submitted | Accepted | Rejected | Withdrawn
Double blind peer review
Full paper 45 35 9 1
Concise paper 74 54 19 1
Poster 26 20 6 0
PechaKucha 32 23 8 1
Sub-total 177 132 42 3
Blind peer review
Panels/ Symposia 5 5 0 0
Debates 2 1 1 0
Experimental sessions 9 7 1 1
Pre-Conference Workshops 6 5 0 1
Sub-total 22 18 2 2
Grand total (reviewed) 199 150 44 5
Non-Peer Review
Keynotes 3 3 0 0
AJET sessions 2 2 0 0
SIG sessions 7 6 0 1
TELAS session 1 1 0 0
Innovation award presentations 1 1 0 0
Sub-total (non-reviewed) 14 13 0 1
Grand total (all) 213 163 44 6

Acknowledgements
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Foreword

Whenever significant technological advances are made that have the potential for
use in teaching and learning, the imagery of the human educator being replaced by
one form of technology or another would inevitably make its appearance. While
this ‘replacement’ has not quite taken roots, the role of the educator has certainly
evolved as each introduction of relevant technology nudges and re-shapes teaching
and learning practices. In fact, the response of the educator to effectively embrace
available technologies represents one of the key challenges, and dare | say, ‘joy’,
in our endeavours to make learning meaningful and integral to each learner.

If we cast our minds back to the impact technologies have on education, from the use of paper to the introduction
of computing machines, it is not too difficult to recognise how each major adoption has significantly changed the
way in which we interact and learn. However, the spread of these changes tended to be slow; that is, until the
emergence of Information and Communication Technologies (ICT) redefines what pace of change means.
Specifically, over a short period of time from the early 90s to the present, there are at least three recognisable
paradigmatic shifts. First, the easy availability of information provided through the Internet largely means that
the educator no longer has a monopoly on factual knowledge. In fact, the individual educator simply cannot
compete with knowledge repositories embedded within technology and human networks made accessible through
the Internet. Second, the interactivities brought about through Web 2.0 have shifted the interactions from between
human and machine, to human and human through a machine. This has greatly increased the ability of the
individual to connect with others beyond the space limited by geography. The impact on the way teaching and
learning interactions need to be re-designed is palpable. Third, and perhaps the most challenging to date, is that
the machines are now capable of learning about the learners, and through such knowledge can potentially
customise learning at the individual level. The possibilities opened up by this capability is still under-explored.
Within it lurks considerable dangers, and yet also tremendous possibilities that can definitively change teaching
and learning interactions.

The theme of this conference recognises these possibilities, and also that it is not just about the use of technology
in education. The social dimensions and impact of using technologies in teaching and learning are important
aspects that need to be taken into account as we explore and deepen how technologies can support this most human
of endeavours — learning.

On this sober and exhilarating note, welcome!

Professor Cheah Horn Mun

Chairperson, ASCILITE 2019 Conference Organising Committee
Assistant Provost and Dean (S R Nathan School of Human Development)
Singapore University of Social Sciences
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Emeritus Professor Mike Sharples
Emeritus Professor of Educational Technology Institute of Educational
Technology, The Open University, UK

Mike Sharples is Emeritus Professor of Educational Technology in the Institute
of Educational Technology at The Open University, UK and Honorary Visiting
Professor at the Centre for Innovation in Higher Education, Anglia Ruskin
University. His research involves human-centred design of new technologies and
environments for learning. He inaugurated the mLearn conference series and was
Founding President of the International Association for Mobile Learning. As
Academic Lead for the FutureLearn company, he informed the design of its
social learning approach. He leads the nQuire project with the BBC to develop a
new platform for inquiry-led learning at scale. He founded the Innovating
Pedagogy report series and is author of over 300 papers in the areas of
educational technology, science education, human-centred design of personal
technologies, artificial intelligence and cognitive science.

Professor Sandy Cook

INTRODUCTION

Senior Associate Dean, Duke-NUS Medical School

Dr Sandy Cook received her PhD from Cornell University in Adult and
Continuing Education. Her Master’s is in Research Methodology and her
Bachelor’s in Experimental Psychology, both from Ohio State University. Prior
to coming to Singapore, she was the Associate Dean for Curricular Affairs at
University of Chicago, Pritzker School of Medicine. Dr. Cook joined Duke-NUS
Medical School in June 2006, to facilitate the design and implementation of the
Educational infrastructure for Duke-NUS Medical school. She facilitated the
development of TeamLEAD, the local adaptation of Team-based Learning as the
primary instructional strategy for Duke-NUS basic science year. She helped
establish the Academic Medicine Education Institute (AM.EI) launched in 2012.
AM.EI is a joint venture with Duke-NUS and SingHealth, designed to promote
excellence in education for Health Professional Educators. Through AM.EI, she
has taught hundreds of faculty from all levels of learning how to use TeamLEAD
in their instructional programmes. In 2014, she was accepted into the NUS
Teaching Academy Fellows and received the Master Scholar Award from the
International Association of Medical Science Educators (IAMSE) in 2016. She
is currently the Deputy Head of Office Education and Deputy Director of AM.EI.

Professor Koh Hian Chye
Professor and Director, Business Intelligence & Analytics, Singapore University
of Social Sciences

Dr Koh Hian Chye is currently a Professor at the Singapore University of Social
Sciences. He serves concurrently as Director of Business Intelligence &
Analytics, which is responsible for the implementation of learning analytics in
the University, among other things. He has more than thirty years of experience
in data analysis and data mining, having served as a statistical/data mining
consultant to SMEs, statutory boards, government agencies and large
organisations. He has published in international journals and presented at
international conferences in various areas in analytics. His main research and
teaching interests are in data mining applications in business and education.

ASCILITE 2019 Singapore University of Social Sciences

11



Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

TABLE OF CONTENTS

FULL PAPERS

1.

10.

11.

12.

13.

14.

15.

16.

Usability and user experience evaluation of Virtual Integrated Patient
Pabba Anubharath, Yoon Ping Chui, Judy Sng Chia Ghee, Lixia Zhu, Kai Tham and Edmund J.D.

Learning business through digital simulation: An analysis of student reflections
Sandy Barker and Michelle Davy..........oouoiiuiiiii e 29-38

The challenge of learning analytics implementation: Lessons learned
Colin Beer, David Jones and Celeste LaWSON.........uein e, 39-49

In the Village: Enabling transformative and student led engagement with social science making through the
design of technology rich learning spaces
Poter Bryant. . .ot e e e 50-58

At the heart of a diverse technology: Applying a realist evaluation methodology to a university live streaming

programme
Mike Bryant, Kris Ryan, Colin Simpson, Alexander Whitelock-Wainwright and Trevor Wood........... 59-67

Solving ill-structured problems mediated by online-discussion forums: Mass customisation of learning
Ramya Chandrasekaran, Aik Ling Tan, Seng Chee Tan and Foong May Yeong...............cccooevevvnnn 68-75

Skills, practice and challenges in the adoption of learning technologies in training and adult education
ZaAN RN 76-81

Learning Analytics implementations in universities: towards a model of success using multiple case studies
Jo-Anne Clark and David TUFFleY ... e 82-92

The value of student attendance at face-to-face classes, as part of a blended learning experience
Charlotte Clark and GEr POSL. . ...t e 93-101

Using discussion forums to support continuing education of workplace learning supervisors: Enabling a
community of practice
DI ClarKE. . ..o 102-111

Infographics, assessment and digital literacy: innovating learning and teaching through developing ethically
responsible digital competencies in public health
RAYA DAICY ...\ttt e e e e e e e 112-120

Using blogs to develop and determine graduate competencies in an undergraduate business subject
Christopher Deneen, Irshad Ali, Kevin Byard and John Kommunuri..................cooociin., 121-129

Vision - A space for digital learning and exploring pedagogies: Virtual world education
Sue Gregory, Brent Gregory, Lisa Jacka, David Ellis, Marcus McDonald, Sharon Lierse, Merle Hearns, Suku
Sukunesan, Pauletta Irwin, Blooma John, Des Butler, Jason Zagami and Belma Gaukrodger.......... 130-138

Exploring knowledge reuse in design for digital learning: tweaks, H5P, constructive templates and CASA
DAV JONBS. .. .ot 139-148

Barriers, enablers, and motivations for staff adoption of learning analytics: Insights for professional learning
opportunities from an Australian University
HazZEl JONBS. . ..o 149-158

Game-Based versus Gamified Learning Platform in Helping University Students Learn Programming
Oka Kurniawan, Norman Tiong Seng Lee, Nachamma Sockalingam and Kin Leong Pey............... 159-168

ASCILITE 2019 Singapore University of Social Sciences 12



Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

17.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

33.

34.

35.

Do learning technologies contribute to reduce student drop-out? - A systematic review
Berit Lassesen, Maria Hvid Stenalt, Dorte Sidelmann Rossen and Anna Bager-Elsbhorg.................. 169-177

Predicting At-Risk Students For An Introductory Programming Course: A pilot study
Norman Tiong Seng Lee and Oka KUrniaWan...............oiiiiiii i 178-185

Practices and Challenges in a Flipped EFL Writing Classroom
Su Ping Lee, Elena Verezub and Ida Fatimawati Adi Badiozaman.....................oooviiiiiiinn.n. 186-195

Data Analytics for Student Profiling and Academic Counselling
Ji Zhi Li, Wai Ping Low, Lokesh Bheema Thiagarajan and Lu Chang Peh............................c.l 196-205

Feeling supported: Enabling students in diverse cohorts through personalised, data-informed feedback
Lisa-Angelique Lim, Anthea Fudge and Shane DawSsOoN. ..........c.ouiuiuiriiiniieeeeeeeeee e 206-215

E-learning: Working-adult Students’ Attitudes and Performances
Kin Chew Lim, Elaine Chapman and Wai Ping LOW.............coviiiiiiiiiiiiiiiiieeeieeeeeene 216-225

Using TEL for TEL: Building confidence of sessional staff to enhance their students' experience
Danielle Logan, Hazel Jones, Trevor Foster and Lenka BOOrer..............cooviiiiiiiiiiiiiiiianns 226-236

Profiling Language Learners in the Big Data Era
Mauro Ocana, Hassan Khosravi and Miss BaKharia..............ooooiiiiiiii i, 237-245

Exploring Nursing Students’ Perceptions of Educational Experience and Satisfaction in a Blended Course
Li Ya Sandy Ong and Choon Lang Gwendoline QUEK............cooviiiiiiiiii e 246-254

Defining Digital Literacy: A Case Study of Australian Universities
Nona Press, Puvaneswari P. Arumugam and Kevin Ashford-Rowe...................cocooiiiiiin, 255-263

From text to audiovisual feedback: enhancing clarity, usefulness and satisfaction
Tracii Ryan, Michael Phillips and Michael Henderson..............cooooiiiviiiiiiiiiiiieeeeea 264-271

Challenges in sustaining technology enhanced learning: recruitment, employment and retention of learning
designers in Australian universities

Christine Slade, Dominic McGrath, Ruth Greenaway and Jeffrey Parker................................ 272-281
Learning design is not a prescription: Framing and disposition in collaborative infrastructure

NAEALIE PN .. et e 282-291
Piloted Online Training Module to Teach On-Site Safety in Engineering

Frank Ta, Andrew Valentine, Sally Male and Ghulam Mubashar Hassan.......................coooni 292-301
Evaluation of the use of VoiceThread for Assessments

Wendy Taleo, Alison Reedy and Pedro 1Saias. ...........oviviriiiiiiiiiie e 302-311
A Course Level Analysis of Academic Performance on Adult Learners

Jess Tan, Gabriel Gervaisand Hian Chye KOh. ..., 312-320
Dashboards for Decision Making in Higher Education

Yoke Wah Tang, Toh Suiying and Alex Leow Shuangjie...........ccoooiiiiiiiiiiiiee, 321-329

A three tier model to promote the institutional adoption of learning analytics
Steven Warburton, Irina Elgort and DerekK White. ... 330-339

Online Versus Face-to-Face: A Quantitative Study of Factors Influencing Students’ Choice of Study Mode
using Chi-Square Test and Binary Logistic Regression
Sze Kiu Yeung and Wee LeONg Lee........oiririii i e 340-348

ASCILITE 2019 Singapore University of Social Sciences 13



Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

CONCISE PAPERS

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Degree Design Thinking: Integrated design frameworks for emerging online degrees in higher education
Chie Adachi and Marcus O'DOoNNElL. ... e e 349-353

Employing data to enhance teaching and learning in MENDAKI Tuition Scheme (MTS)
Siti Afiyah Bte Mustapha, Sylvia Chongand Ji Zhi Li.................ooii 354-358

“Many hats one heart”: A scoping review on the professional identity of learning designers
Sharon Altena, Rebecca Ng, Meredith Hinze, Simone Poulsen and Dominique Parrish................. 359-364

Piloting Mobile Mixed Reality to Enhance Building Information Modelling Delivery in Construction
Education
James Birt and NiKoIChe VasileVvsKi. ... .. ..o 365-369

One system to examine them all: Defining the complexities of implementing an institution wide online exam
model
Peter Bryant and Jacqueline RUEHIO. ... 370-374

Engaging students in a wide-scale educational technology implementation: Investigating student attitudes
Chris Campbell and Megan DUFFY..... ..o 375-379

Enhancing Learning of System Modelling through 360 degree Virtual Reality Video and 3D Printing
Juan Carlos Munoz, James Birt and Michael Cowling..............ccoooiiiiiiiiiiiii e, 380-385

MENTOR — Intelligent Mobile Online Peer Tutoring Application for Face-to-Face and Remote Peer Tutoring
Sheng Hung Chung and Seng Chee Tan. ... ..o e e 386-391

Developing A Mobile Immersive Reality Framework For Enhanced Simulation Training: MESH360
Thomas Cochrane, Stephen Aiello, Norm Wilkinson, Claudio Aguayo and Stuart Cook................. 392-397

Using team-based learning in a problem-based learning medical course to improve transition from a pre-
clinical to clinical learning environment

Bronwen Dalziel, Slade Jensen, Elizabeth O'Connor, Charles McCafferty and lain Gosbell............. 398-402
Designing with Constraints: Are we designing for creativity or compliance?

Kashmira Dave and SUE GrEgOTY. ... ...ouiuitit ittt et et 403-406
Students’ self-requlated learning skills and attitudes in online scientific inquiry tasks

Paula de Barba, Kristine Elliott and Gregor Kennedy.............oooiiiiiiiiiiii e 407-412
“Okay, but what does it look like?”” Building staff capacity in online learning design through role modelling
Joanne Elliott and DarCi TaYlOr. ... e 413-417
25 principles for effective instructional video design

Matthew Fyfield, Michael Henderson and Michael Phillips..............cooooiiiiiiiiiiiiii, 418-423
Stakes in the potential of technology-enhanced learning: a STEM faculty case study

MIKKEE GOUSK. . . ..ot 424-429
Using business principles to provide education solutions: On-demand exams supported by the progression
pipeline

LT =] 01T =T (o] Y5t 430-434

Investigating lecturers’ reasons for adoption of mobile learning in higher education: A Case Study
VAN HaN . 435-440

Seeing the wood for the trees: Insights into the complexity of developing pre-service teachers’ digital
competencies for future teaching
Sarah Howard, Jo Tondeur, Jun Ma, Jie Yang and Adam Bridgeman.....................cocoeiiinnn. 441-446

ASCILITE 2019 Singapore University of Social Sciences 14



Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

19.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

34.

35.

36.

Improving return on investment in higher education retention: Leveraging data analytics insights
Simon Huband, Eric Parkin, David C. Gibson and Dirk Ifenthaler.................coooiiii L. 447-452

Higher Education Stakeholders’ Views on Guiding the Implementation of Learning Analytics for Study
Success

Dirk Ifenthaler and Jane Yin-Kim YaU. ... ..ooooiii i e e 453-457
A Proposal for Enhancing Students’ Evaluations through an Adaptive and Progressive Digital Feedback
System

Meena Jha, Sanjay Jha, Michael Cowling, Damien Clark and James Picton.............................. 458-463
Diverse Goals but One Heart with Mixed Reality in Information Systems

Blooma John and Emily Rutherford.......... ... e 464-469
Analysing student interactions in a flipped engineering course

Elaine Khoo, Gareth Ranger, Jonathan Scott and Mira Peter................oooiiiiiiiiiiiieea, 470-475
A Learning Analytics Approach to Model and Predict Learners’ Success in Digital Learning

Ean Teng Khor and Chee Kit LOOI........oiieiii e 476-480
Evaluating the implementation of an active learning platform in a team-based learning postgraduate Medical
Program

Irene Lee and HEleN WIICOX. ... e, 481-486

Using social annotations to support collaborative learning in a Life Sciences module
Seow Chong Lee, Zheng-Wei Lee and FOONG May YEONQ......cviriniiniirii e 487-492

Basic competence in online teaching: Preliminary lessons learned from a university's approach to assure
faculty readiness in teaching online

Li Siong Lim, May Lim, Karin Avnitand Ong Chee Ming............ccoiiiiiiiiiiiie e 493-498
Back to Basics: combining analytics and early assessment with personalised contact to improve student
progress

Kelly Linden and LUCY WEDSEEE . ......o.ititi e e e e e e 499-502

Augmenting learning of immunology through an online learning package and a digital game — what’s next?
Pey Yng Low, Chun Ming Teoh and Gaik Bee Lim...........cccoiviiiiiiiiiie e 503-508

Educational Technologists, Universal Design and Transforming Higher Education
I 1 VY (o 110 1 509-513

Study Progression, Success and Program Component Selection
Eric Parkin, Simon Huband, Dirk Ifenthaler and David GibSON..........covriiiieii i 514-518

Personalising medical education: ePortfolios for workplace-based assessment
Robyn Philip, Helen Wozniak, Shari Bowker, Chantal Bailey and Alison Green......................... 519-524

The Active Learning Platform a year after implementation: Lessons from the Lake of Hope
Simone Poulsen, Chris Campbell and Michael Sankey............coooiiiiii i, 525-530

Understanding pre-service teachers' experiences of a mixed reality simulation environment: An analysis of
pre-service teachers’ perspectives on communicating with a simulated parent avatar
N oL R g R o] o H 531-535

Fostering interdisciplinarity through blended learning
Rafi Rashid and MingXun Lim. ... ... e 536-540

The semi-formal benchmarking of TEL practice: Helping the TEL community get its act together
Michael Sankey, Chris Campbell and Simone PoulSen.............oooiiiiiiiiiiiiiicee e, 541-545

ASCILITE 2019 Singapore University of Social Sciences 15



Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

37. The evolution of a micro-credential

Vicki Saray and Frank PONTe. . ... ..ot e e e e e 546-551
38. Integrating digital literacies through blended learning in a first-year undergraduate course

BettiNa SCRWENQET .. ... 552-557
39. Developing a DBR Model for Designing Authentic Healthcare Solutions: Mobile and Wearable Technologies

David Sinfield and Thomas COCRIANE. ... e e 558-562
40. The potential of augmented reality to amplify learning and achieve high performance in the flow of work

CarOliNg SHBEL. . . 563-568
41. The Power of Podcasts — sharing stories to transform teaching practices, learning experiences and academic

cultures

Natasha Taylor and LiSa CUIMTAN. ... ..ot e 569-570
42. Client’s digital stories: Using the lived experience to personalise online learning

Darci Taylor, Virginia Hagger, Cath McNamara, Tim Crawford and Peter Lane......................... 571-576
43. Conversational Bots as Electronic Performance Support System for the Professional Development of Teacher

Educators

Shamini Thilarajah and Shanti Divaharan...............coooiiiiiii e 577-581

44, Normalising practice — moving a technological implementation from project phase to operational phase
Priscilla Trahar and JONN BOUIKE. ..ot 582-587.

45. Supporting student writing with an intelligent tutoring system for assignment checking
Peter Vitartas, Sarah Midford and Anastasia Kanjere............ccooiiiiiiiiiiiii e 588-592

46. A user-centred approach to understanding the support needs of university teachers using a Learning
Management System: A Pilot study

Silvia Vogel, Kirsten Schliephake and Kotsanas GeOrge. ..........ovviiiriniiiiiiriiiiiieeeeieeeeenen 593-597
47. An affordance based design framework for technology-enabled learning spaces

Tsering Wangyal and Liang HONG PON..........oooiiiii e 598-602
48. Open to learning

Ruth Weeks and Adam Bridgeman. ..... ..o e 603-611
49. It's Elemental: Technology Enhanced Learning (TEL) as scalable and sustainable student-centered practice

in context

Hilary Wheaton and Sherman YOUNQ. ..ot e e e e 612-616

50. Data-informed advisories to support the adult learner in higher education
Adam Wong, Yoke Wah Tang and Sylvia Chong.............coooiiiiiiiiiii e 617-622

51. What learning means to you: exploring the intersection between educational and digital lives of university
students through digital narratives
TIiNgting YU and Peter Bryant........coouoiiii i 623-627

SYMPOSIA/ PANELS

1. Learning Analytics in SUSS: Vision, Action, Implementation, Translation and Collaboration
Hee Kiat Cheong, Hian Chye Koh, Sylvia Chong and Wei Ying Rebekah Lim............................ 628-629

2. Enhancing the Ethical Use of Learning Analytics in Australian Higher Education
Linda Corrin, Cassandra Colvin, Kirsty Kitto and Danny TOOheY..............ccooviiiiiiiiiiiiiiiininn, 630-631

ASCILITE 2019 Singapore University of Social Sciences 16



Personalised Learning. Diverse Goals. One Heart. INTRODUCTION

3. Technology-enhanced assessment: Seizing opportunities & addressing challenges

Christopher Deneen, Kristine Elliott, Bronwyn Disseldorp and Wei Ying Rebekah Lim................. 632-634
4. Are Captured Live Lectures Appropriate for Delivery as Primary Online Course Content? A Question of

Fidelity

Carol Miles, David Cameron and Kavitha Palaniappan................ocoiiiiiiie e, 635-637

5. Mobile Learning Special Interest Group Symposium: Revisiting Mobile Mixed Reality
Vickel Narayan, Thomas Cochrane, James Birt, Claudio Aguayo, Todd Stretton, Jin Hong and Michael
(000171 T o o T TP 638-640

DEBATES

1. Academic development for generic competencies for the unknown future
UIf Olsson, Alan Cliff and Thashmee Karunaratne. .............c.ooeiniin i e 641-642

EXPERIMENTAL SESSIONS

1. Creating low-cost, active and immersive Virtual Reality learning experiences
Mark Bailye and Caroline Steel....... ... 643-644

2. Designing learning analytics visualisations that align to learning design
Linda Corrinand Aneesha Bakharia............coooiiiiiii e, 645-646

3. Digital History: Unpacking this untapped pedagogical tool
Patricia Hubbard and Darl G. KOID. ... 647-648

4. E-Portfolios: How to showcase your professional self
Patricia Hubbard and Kevin Kempin. ... ... e 649-650

5. Playtesting "The Sausage Factory"
Colin Simpson, Kate Mitchell and Wendy Tal€0.............cooiiiiiiiii e 651-652

6. Decisions, dialogues, dilemmas: the drama of technological innovation in higher education
Colin Simpson, Wendy Taleo, Henk Huijser, Kate Mitchell, Penny Wheeler and Lindsay Rattray.....653-655

7. ITE non-academic entry evaluation using SimLab
Peter Whipp, Susan Ledger and Antoinette Geagea. ........c.ovviriniiriitiit e 656-657

EXTENDED ABSTRACTS (PECHAKUCHA)

A list of PechaKucha titles presented at the CONFEIENCE. ... .. ..ot 658

PRE-CONFERENCE WORKSHOPS

A list of Pre-Conference Workshop titles presented at the CONfErenCe. .......co.vviiniiiiiii i, 659
POSTERS
A list of Poster titles displayed at the CONTEIENCE. ... ..o e 660

ASCILITE 2019 Singapore University of Social Sciences 17



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

Usability and user experience evaluation of Virtual
Integrated Patient

Pabba Anubharath Yoon Ping Chui Judy Sng

National University of Singapore  Singapore University of Social Sciences  National University of Singapore
Singapore Singapore Singapore

Lixia Zhu Kai Tham Edmund J.D. Lee

National University of Singapore ~ National University of Singapore National University of Singapore
Singapore Singapore Singapore

Most existing Virtual Patients utilize simplistic, predictable, and prescriptive approaches that
limit deductive learning and the development of decision-making skills for medical students.
We have designed a chat-based virtual patient for performing patient interviews, physical
examinations, and investigations to help medical students develop reasoning skills. In this
paper, we present results from a two-part study. In the first part, we conducted a usability
evaluation with seven medical students and six clinicians. The objectives of the usability
evaluation was to determine how VIP’s user interface and its features affect the usability
(efficiency, effectiveness and learnability) as well as the general subjective user experience
associated with the use of system. Each participant completed a user experience, system
usability scale, and a self-prepared survey form. A significant difference was seen between the
results of students and tutors. Due to a lack of training data, the chatbot model predicted
incorrect responses that led participants to feel frustrated. In the second part of study, we have
retrained the chatbot model using the feedback and designed an error correction approach and
engaged seven new medical students to test the chatbot intensively — a total of 2169 user
interactions were performed with the chatbot. Of that, 77.4% were properly answered by the
bot, 10.8 % were out-of-domain concepts, 8.6 % were unknown concepts (Li et al., 2018), 3.3
% were corrected using the error correction approach designed.

Keywords: virtual patient, medical education, usability evaluation

INTRODUCTION

A large percentage, 41-60% of medical graduates, feel clinically unprepared after university graduation (Cave et
al., 2007; Goldacre et al., 2003; Ochsmann et al., 2011) due to the decreasing access of students to real patients.
Training is designed based on a back-to-front approach where the student learns about the disease by analysing a
diagnosed patient. There are relatively limited opportunities for the students to practice engaging with a patient,
using a more natural perspective approach, beginning with a symptom, and concluding with diagnosis and
management. Currently, medical schools use both mannequin-based and standardized patient simulation to
overcome these limitations. However, the limitations of these approaches are that they can only involve a small
number of students at one time, and the faculty have to conduct repeated sessions to cater to the cohort.

In the past two decades, medical education has placed increased reliance on simulation technologies, such as
virtual patient (VP) simulations, to boost the growth of learner knowledge and to shape the acquisition of clinical
skills for medical students and health professionals (Barry Issenberg et al., 2005). Most of the VPs have, however,
been narrative based, using a linear or menu-driven model with preselected options, which are relatively
simplistic, predictable, and prescriptive in their approaches limiting the opportunities of the student to engage the
virtual patient in a more naturalistic way, to practice his/her decision-making skills. We have designed a virtual
patient platform that allows a more natural and realistic way of interaction between students and the virtual
integrated patient model. We believe that a well-designed VP, one that is easy and intuitive to use, will help
students to remain engaged with exploratory learning, and eventually improve disease understanding and clinical
reasoning skills. Therefore, a user-centred approach has been adopted for the development of the VP to ensure
that the system is easy and enjoyable to use and meets the pedagogical goals. The system will be subjected to
iterative user testing, evaluation and improvement design throughout the development lifecycle. This paper details
the first user testing and a study conducted to improve the model performance.

In the next section, we introduce an overview of the design of the virtual integrated patient. Subsequently, the
design of the usability study. In section 4, the results of the user study will be discussed. Following which, there
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would be a brief overview of an improvement study that was conducted to improve the system further. Through
thorough exercises, the system learned a variety of new questions from experienced medical students.

DESIGN OF VIRTUAL INTEGRATED PATIENT

Cost

G NIRTUAL INTEGR ATED PATIENT

Efficiency

& Current Patient

erviewing the patient by typing below

o

3

2
oooo

Dear Chou van, How ~ §
are you? o

#9* 1 got a severe headache.

Can you verify your
identity card number?

+¥* 1308386140

Can you verify your
name?

##* MynameisMr.Choutvan. ©

Figure 1. Student performing an interview with a virtual patient

Virtual Integrated Patient (VIP), generates realistic virtual patients which students can interact with using a free-
text interface, through the process of interviewing (Figure 1), conducting a physical examination (e.g., to check
the temperature, blood pressure, heart rate) and order of investigations (e.g., full blood count, x-ray, MRI, etc.).
The patients generated are realistic because they come with randomly generated, rich and comprehensive case
details, such as gender, age, ethnicity, presenting symptoms, family, social and medical history, drug history,
travel history, and genetics. The engagements allow medical students to prospectively move from presenting
symptom to eventual diagnosis, thus allowing the development of clinical reasoning skills.

I would send you for 9 may | examine you? g

few investigations.
Yes, doctor. You may

sure, you may proceed proceed with the
with the tests! examination,
§ ccneeoinedte 0 § e °

Figure 2. Taking patient consent to perform physical examination and investigation

In clinical practice, clinicians are trained to inform the patients or seek consent from the patients before they
perform a physical examination or send patients for investigations. Similarly, on the VIP, students are reminded
that they can only get access to perform a physical exam or to order investigations when they have informed the
patient or have sought consent from the patient, as described in Figure 2.

The participant subsequently will be allowed to navigate to an examination interface by clicking on the link shown
in the patient response within the chatbot. In the examination module, the participant clicks on any part of the
human anatomical figure and types in the specific examination they wish to perform. As demonstrated in Figure
3, to check the patient temperature, participants have to input “temperature”. Similarly, to order an investigation,
the participant has to inform the patient or seek consent from the patient before they input the specific investigation
name.
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Figure 3. Physical exam: Click on human anatomical figure and search for a test name

Currently, the VIP provides feedback for the cost incurred to the patient based on investigations ordered and
efficiency of the student’s engagement with the VIP. The latter is calculated based on the number of interview
questions asked, examinations, and investigations negotiated before a diagnosis is made. The norms for these
assessments are empirically made at the moment but can be better calibrated as more data is harvested according
to the seniority of the student. Clinicians are trained to start the interview by greeting the patient, verifying patient
name, identity, and encouraged to ask for the patients’ consent while asking any sensitive or personal information.
The participant is assigned a penalty if they ignore any of these steps and rewarded for compliance. When the
participant is ready to make a diagnosis, they simply indicate by clicking Ready to Diagnose button (Figure 1)
and asked to re-enter brief case notes from the patient interview, physical examination, and investigations. They
are then able to make a diagnosis and prescribe a treatment plan for the patient. Subsequently, the patient’s actual
diagnosis and treatment will be shown for the student to do personal reflection and review.

USABILITY EVAULATION
AIM OF USABILITY EVALUATION

Usability is defined as “the extent to which a product can be used by specified users to achieve specified goals
with effectiveness, efficiency and satisfaction in a specified context of use” (ISO 9241-11:2018). The objectives
of the usability evaluation was to determine how VIPS’s user interface and its features affect the usability
(efficiency, effectiveness and learnability) as well as the general subjective user experience associated with the
use of system.

This was achieved through a user-based evaluation, where the usability and user experience were evaluated using
targeted end users of the system, which in this case were medical students. The study also aimed to seek feedback
from clinicians (tutors) on the usefulness of the VIP platform as a tool for teaching and training for clinical
reasoning skills.

PARTICIPANTS DEMOGRAPHICS

In Phase 1, a total of 13 participants (seven medical students and six clinicians) were recruited to evaluate the
usability of VIP. All of them were Singapore citizens, and majority were Chinese (12/13). Eight out of 13
participants were male. Of 7 students, 6 were the second-year medical students, and one was a fourth-year medical
student, and their ages ranged from 20 to 23 with an average age of 21. Of 6 clinicians, their ages ranged from 40
to 52 years old, with an average age of 46.5 years old, and their clinical working experience ranged from 15 to 27
years. All the participants are informed to sign a consent form before starting the study. There was an omission
of a 4th-year participant during analysis to make a precise comparison between only second-year students and
clinicians.

PROTOCOL

Each participant had to complete two patient cases that covered interviewing patient, examining, and ordering lab
investigations. The participants were briefed on the aim of the study and viewed the tutorial before starting. Guided
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by the facilitator, participants were asked to think aloud while performing the tasks - what they are trying to
achieve, how they think they will achieve them, unexpected systems responses, i.e. if something happened which
they did not expect or if something they were expecting to happen did not happen. Each participant’s interaction
with the VIP were logged and video recorded. Thereafter, participants completed a user experience questionnaire,
system usability scale, and a self-developed questionnaire. A semi-structured interview was conducted to follow-
up on the observations during task performance (such as difficulties encountered, expressions of frustrations, etc)
and capturing all participants’ subjective feedback on the VIP system.

USER EXPERIENCE QUESTIONNAIRE

The User Experience Questionnaire (UEQ) contains 6 scales (e.g., attractiveness, perspicuity, efficiency,
dependability, stimulation, and novelty) with 26 items. The attractiveness scale has 6 items, and all other scales
have 4 items. Each item is scaled from -3 to +3. Thus, -3 represents the most negative answer, 0 a neutral answer,
and +3 the most positive answer (Schrepp, 2017).

SYSTEM USABILITY SCALE

The System Usability Scale (SUS) consists of 10 items to examine “usability” and “learnability” of a product. All
items are measured on a 1 to 5 (1-Strongly disagree, 5-Strongly agree). Calculation of the SUS score is achieved
by converting the 1 to 5 scale to a 0 to 4 scale. For items 1,3,5,7 and 9, the score contribution is the scale position
minus 1. For item 2,4,6,8 and 10, the contribution is 5 minus the scale position. The overall SUS value is calculated
by multiplying the sum of the scores by 2.5 (Brooke, 1996). Thus, the total score ranged from 0 to 100.

SELF DEVELOPED QUESTIONNAIRE

The self-developed questionnaire includes 15 questions to score patient responses, labels on menu items, and
popup boxes, consistency of icons, colours used, navigation, organisation of items, performance metrics, physical
examination and placeholders in input boxes. All questions are measured on a 1-5 scale (1-Strongly disagree, 5—
Strongly agree).

RESULTS

In the UEQ, students rated all items positively and the mean score of each item ranged from 0.29 to 2.29, with
especially high mean scores (> 2.00) on items of enjoyable, valuable, interesting, good, practical and meet
expectations. The students rated the low mean scores (< 1.00) on predictable, fast, and leading-edge. The scores
of all items were rated lower in clinicians than students. The clinicians rated more negatively on some items,
namely fast-slow (-1.33), pleasing-unlikable (-0.67), efficient- inefficient (-1.33) (Figure 4).

The mean scores of the scales of attractiveness, efficiency, and dependability were negative in clinicians (Figure
5). An Independent sample t-test between the students and clinicians showed that there were statistically
significant differences in attractiveness, efficiency, perspicuity, dependability, and stimulation between them (p
< 0.05) as shown in table 1 below.
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Figure 4. Mean scores of UEQ items between students and clinicians
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Figure 5. Mean scores of UEQ scales between students and clinicians
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Table 1: Independent sample t-test on UEQ scales between students and clinician

t df p-value
Attractiveness 5.698 11 0.000**
Efficiency 4.795 11 0.001**
Perspicuity 2.276 11 0.044*
Dependability 3.923 11 0.002**
Stimulation 5.229 11 0.000**
Novelty 1.983 11 0.073

In System Usability Scale (SUS), the mean score of each item ranged from 2.43 to 3.43 in students and 1.50 to
2.67 in clinicians. The students rated higher mean scores of all items than clinicians. When the comparison of the
mean score of each item was performed, the students rated significantly higher scores on items of “I think that I

LEINT3

would like to use this platform frequently”, “I found the platform unnecessarily complex”, “I thought the platform
was easy to use”, and “I found the various functions in this platform were well-integrated” than those in clinicians.
The mean score of total SUS score was 71.43 in students and 53.75 in clinicians, and there was a statistically
significant difference in the total mean SUS score between students and clinicians (p < 0.05) as shown in Table
2.

The mean score of each item of system usability scale

10. I needed to learn a lot of things before I could get going with this
platform

9. | felt very confident using the platform

8. | found the platform very cumbersome to use

7. 1 would imagine that most people would learn to use this platform
very quickly

6. | thought there was too much inconsistency in this platform &

5. | found the various functions in this platform were well integrated

4.1 think that | would need the support of an experienced person to
be able to use this platform

3. I thought the platform was easy to use
2. | found the platform unnecessarily complex

1. I think that I would like to use this platform frequently

H Clinicians H Students

Figure 6. Mean scores of SUS items between students and clinicians
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Table 2: Independent t-test on SUS scales between students and clinicians

Variables t df P-value
1. I think that | would like to use this platform | 3.261 11 0.008**
frequently

2. | found the platform unnecessarily | 3.029 11 0.011*
complex

3. | thought the platform was easy to use 3.164 11 0.009**
4. | think that I would need the support of an | 0.363 11 0.724
experienced person to be able to use this

platform

5. | found the various functions in this | 3.261 11 0.008**
platform were well integrated

6. | thought there was too much inconsistency | 1.874 11 0.088

in this platform

7. 1 would imagine that most people would | 1.326 11 0.212
learn to use this platform very quickly

8. | found the platform very cumbersome to | 1.088 11 0.300
use

9. | felt very confident using the platform 0.109 11 0.915
10. | needed to learn a lot of things before | | 0.355 11 0.729
could get going with this platform

SUS score 2.541 85 0.027*

The mean score of each item between students and
clinicians

15. The default text provided in the input boxes are Clear
14. 1 can easily select a body part and perform physical examination e —
13. | found the notification in the red card to express the penalty is clear and intuitive | e ——
12. | can easily recover from any mistake that | made when using the platform
11. In the patient investigation pages, each section is well organized and easy to find
10. While performing a case, | know exactly where | am in the process
9. I can easily navigate between interview, examination, and investigation process
8. T am able to easily understand the meaning of colour change in the patient fees and..
7. | immediately understood the function of each button
6. | found the icons used in each menu item are consistent
5. The instructions provided in the popup boxes guide me in the correct directions
4. The instructions provided in the popup boxes are easy to understand
3. | immediately understood the function of each menu item
2. The menu items were clearly labelled
1. The response of the patients come across as very natural | ee——

o

05 1 15 2 25 3 35 4 45

H Clinicians ® Students

Figure 7. Mean scores of self-developed questionnaire items between students and clinicians
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Table 3: Independent t-test on Self developed questionnaire between students and clinicians

Variables t df P-value
1. The response of the patients come across as very natural | 3.006 11 0.012*
2. The menu items were clearly labelled 0.734 11 0.504
3. | immediately understood the function of each menu | 1.419 11 0.184
item

4. The instructions provided in the popup boxes are easy | 1.322 11 0.213
to understand

5. The instructions provided in the popup boxes guide me | 1.726 11 0.112
in the correct directions

6. | found the icons used in each menu item are consistent | 3.088 11 0.010*
7. 1 immediately understood the function of each button 0.930 11 0.372
8. 1 am able to easily understand the meaning of colour | 2.422 11 0.034*
change in the patient fees and efficiency

9. | can easily navigate between interview, examination, | 2.901 11 0.014*
and investigation process

10. While performing a case, | know exactly where | am | 3.712 11 0.010*
in the process

11. In the patient investigation pages, each section is well | 2.340 11 0.039*
organized and easy to find

12. | can easily recover from any mistake that | made | 0.196 11 0.848
when using the platform

13. | found the notification in the red card to express the | 2.302 11 0.042*
penalty is clear and intuitive

14. 1 can easily select a body part and perform physical | 3.261 11 0.008**
examination

15. The default text provided in the input boxes are clear | 3.750 11 0.003**

Similar to the findings of the UEQ and SUS, the students rated higher scores on all 15 items than the clinicians in
the self-developed questionnaire (Figure 7). An Independent t-test comparison between the students and the
clinicians indicated that there was statistically significant difference in more than half of items (p < 0.05) as shown
in Table 3.

The difference between the students’ and tutors’ usability score can be attributed to the differences in technical
proficiency. Medical students comprise mainly of young adults who are more at-home with a chat-based interface,
whereas the tutors are less familiar in engaging with online (virtual) patients. Medical students had more positive
perceptions of the system as a learning tool and found the system to be engaging and simple to use. The tutors on
the other hand found it less useful to them as they were trying to engage with the platform as a student. However,
during the interview sessions, they conceded the system as a useful tool to support students’ learning.

OBSERVATIONS FROM TASK PERFORMANCE AND FEEDBACK FROM SEMI-
STRUCTURE INTERVIEW

Most participants had positive experiences using the platform. One of their positive experiences was that they felt
that VIP was a good, fun and an easy and interesting platform to use, even though it could be further improved.
Quite a number of participants liked the format and layout of the platform as they felt that it was simple and clear
to learn and use. Some participants thought that VIP was a good platform to practice history-taking in a safe online
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environment without feeling stressed, as there were no limitations to the questions to be asked. Another positive
experience, pointed out by one participant, was that the responses were quite practical and realistic. Thus, the
participant felt that the platform was quite flexible. With the platform providing specific responses to each of the
participants’ questions, participants liked how the programme released one information at a time and further
information must be probed by the participants themselves. In addition, for the lab investigations, the participants
liked how the programme gave realistic results displaying descriptions of the investigations. The cases seemed
more personalised, rather than generic, to the participants.

Despite the positive experiences, some participants also expressed some negative experiences when using the
platform. The default model was not able to answer open-ended, long sentence and follow-up questions. Some
participants had the conception that the platform was intended to replace the simulated patient or real patient and
stated that the interview section was unrealistic. They also complained that they often felt frustrated from the
inaccurate responses.

We classified the errors encountered in 3 different categories: unknown concept, out-of-domain and context errors.
If the intent of the question asked by the student is already defined in the chatbot model but not predicted correctly,
then it is classified as an unknown concept. If the model was not aware of any input, then it is classified as an out-
of-domain concept (Li et al., 2018), and if the patient’s response shown to the user doesn’t follow the context of
the current state of the conversation, then it is classified as a context error. Analysing the student logs, we found
that 49.7% of the questions were predicted correctly, 18.3% were unknown concepts, 30% of out-of-domain
concepts and 2% of issues were due to context. Due to the missing data in the system, the computer cannot provide
appropriate responses to the participants’ questions, which made the participants feel frustrated. A common issue
also occurred when participants presented questions in different ways. In this case, although the system has the
data relating to the question, the computer could not recognise the different presentations of the questions, which
resulted in many unknown concepts. There were some mapping issues due to the context of the conversation and
thus, the computer could not recognise the context questions or follow-up questions, which resulted in the
generation of wrong answers.

In terms of interaction design, one of the major problems was navigating from history taking (interview) to
physical examination. Participants were required to seek permission from the patients for physically examination
in order for the system to move to the physical examination segment. However, most participants looked for a
button to click to move to physical examination.

Another common problem encountered was most participants clicked on either the ear, forehead/face and mouth
for the measurement of body temperature. However, the temperature was designed to be taken under the axilla.
Participants found it difficult to navigate between the physical examination and the interview. When participants
tried to order laboratory investigations, they also encountered some problems as there were some unregistered
investigations in the system and also costing had an implementation problem where the system provided doubled
costs when the student ordered the same investigation twice. Participants expressed their displeasure over some
issues in the programme, such as the need to re-type or rewrite a brief of the patient case notes before diagnosing,
as they found it tiring to cut and paste the words from the case notes.

REDESIGNING VIP

We have retrained the chatbot model using the usability study feedback. Following are few changes we have
incorporated in the design.
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1. Consider the student asked the patient How long you have fever? for which the platform is not been
trained and so the program matched the response for the question How long ? as it was similar and the
patient responded as Since 3 days ago which is for the symptom cough the patient may be suffering from.
To avoid these inconsistencies, we have tailored the response more specific to the question i.e., | got
cough since 3 days ago.

{5 Click any of the question below that looks similar to your question

Any Panadol taken?

Did you travel overseas?

Any chronic illness in your family?

What do you generally do when you've giddiness?

Any facial paralyses?

Do you have any other diseases?

Any medical procedures?

Do you've any seizures in your brain?

Do you lose vision when you are perceived by a dimming light?

A Click here to Report

Figure 8. Nearby list of questions given to correct unknown concepts

2. We have used nearby predictions made by the natural language understanding model to correct unknown
concepts. Whenever a user asks a question in the chat, the question is detected using a trained language
model. Rasa NLU (Rasa Documentation) has been used to deploy the chatbot language model. Rasa
NLU predicts a list of intents, each associated with a confidence level. By default a intent with high
confidence level is chosen and a patient response for that intent is shown to the user. For example, If
the question asked is Did you take any panadol? which is focussing on patient medications, then the
chatbot incorrectly predicts a intent named any tremors with an confidence level 0.97, medications intake
with an confidence level 0.94. So the intent shown to the user will be 7 don’t have any tremors which is
incorrect. We have provided a report option next to the patient response, on clicking this icon a nearby
list of predictions made by the language model are shown in a popup as shown in figure 8. When user
clicks on Any Panadol taken? the response I haven 't taken any Panadol is shown to the user.

USER STUDY TO IMPROVE HISTORY TAKING

In phase 2 of the study, we focused mainly on thoroughly allowing the system to begin learning new questions
that clinicians would often use. Ensuring the robustness of the system and allowing usage by people with different
levels of medical experience. A total of 9 fourth year medical students were recruited to test the system. Students
were instructed to be as thorough as they can be in this experiment. They were given instructions that they should
cover only the interview portion, something learned in their second year and using it as a skeletal guideline in
their “quest”. The viewing of the tutorial was done at the beginning after their consent was taken. Each participant
was tasked to complete 4 cases thoroughly. There was an improvement in the performance of the model after
incorporating the feedback of the usability study. A total of 2169 user interactions were performed while
interviewing the patients. Of them, 1678 (77.4%) were correctly predicted, 71 (3.3 %) unknown concepts can be
corrected using the error correction approach described above, 186 (8.6 %) were the unknown concepts not be
able to correct using the error correction approach, and 234 (10 %) were out-of-domain concepts.

CONCLUSION AND FUTURE WORK

Medical students feel clinically unprepared after graduation due to lack of access to real patients. Virtual integrated
patient allows the student to interact with the patient more naturally and realistically. The VIP generates virtual
patients that students can use to rehearse and practice skills to engage a patient through the interview,
examinations, and ordering of investigations. The primary interface is through free text. We have evaluated this
tool with seven medical students and six clinicians (tutors). Each participant completed three questionnaires (user
experience questionnaire, system usability scale, and a self-developed questionnaire). In all the surveys, there was
a significant difference between the students’ and clinicians’ scores. We also noticed that around 30% of the
questions asked were new to the platform, resulting to frustration in participants. We incorporated the usability
study feedback and designed an error correction for unknown concepts, and found an improvement in the
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performance of chatbot after engaging 9 new medical students to intensively test the history taking component of
the website.

We believe that the VIP Interview chatbot can be further improved with increased participants interaction. We
can use this tool to develop virtual populations of patients according to relevant demographics as well as even
more complex patients with multiple clinical episodes, and clinical sequel necessitating follow-ups. We are
building this platform to include more customisable features accommodating to the specific needs of different
teaching environments, medical schools, and end-users.
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Learning business through digital simulation: An analysis
of student reflections

Sandra Barker Michelle Davy
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The use of digital simulations is becoming more prominent in higher education to provide students
with authentic learning environments in which they can apply their knowledge as well as develop
enterprise skills. These enterprise skills are those qualities necessary for successful employment after
graduation. This paper investigated ten years of data gathered through student reflective assessments
that identified their perceived learning from the completion of a course which contained an embedded
digital simulation. Student reflections were analysed to determine the themes which defined their key
learning from the course. Content analysis was undertaken using nVivo to determine the themes from
the students’ individual reflection assessment. Outcomes of the study revealed that students self-
reported successful achievement of three of the four course learning outcomes. In addition, students
identified improvement in their enterprise skills and better understanding of business practices for
their future careers.

Keywords: business simulation; authentic assessment; content analysis; enterprise skills

Introduction

This paper investigates the final reflections of students who have completed the course Business Decision Making
Simulation (BDMS). It uses content analysis to determine the learning achieved from the student perspective. The
interest in this area stems from a ten-year involvement with teaching the third-year course using the Capstone
business simulation developed by Capsim (www.capsim.org), combined with the implementation of an authentic
assessment strategy for all courses taught by the authors.

Throughout their university studies, business students are introduced to a wide range of discipline-based theories
pertinent to their future careers. However, it is considered in the literature to be just as important to show to future
employers that they can apply these theories in a workplace setting that they will experience as graduates (James
& Casidy, 2018, p. 401-402). One of the key pedagogical approaches to ensure not only the attainment of relevant
theory but also the development of employability (or enterprise) skills, is the use of authentic assessment. This
assists students in the transition from university to full time employment in their chosen discipline area. Tout,
Pancini & McCormack (2014 p. 597) were adamant in that, ‘theory is no longer able to govern practice; practice,
while drawing on theory, now lights its own path based on precedent, analogy, experience, imagination and in
situ practical judgement’.

Authentic assessment has been identified as containing eight key elements pertinent to the workplace
environment. These elements are ‘challenge, performance or product, transfer of knowledge, metacognition,
accuracy, fidelity, discussion and collaboration’ (Ashford-Rowe, Herrington & Brown 2014, p. 207). Herrington
& Herrington (2007, p. 73) discussed the use of authentic assessment as a necessary alternative to traditional
individualised tests and essays stating that

...to provide authentic assessment of student learning, the learning environment needs to
ensure that the assessment is seamlessly integrated with the activity and provide the
opportunity for students to be effective performers with acquired knowledge, and to craft
products or performances in collaboration with others.

The introduction of authentic learning environments and assessment have been gathering momentum over the last
twenty years. One example, the use of digital simulations, has become widespread in higher education. They are
dynamic tools which represent actions and roles from the students' future fields of employment, allowing the
students to engage in the ‘interactive, authentic and self-driven acquisition of knowledge’ (Vlachopoulos & Makri,
2017, p. 4). Researchers have identified that all students enrolled in courses that use business simulations as a
teaching tool become actively engaged in the learning activities particularly when the academic instructor provides
guidance and feedback at regular intervals throughout the study period (Levant, Coulmont & Sandu, 2016; Asiri,
Greasley & Bocij 2017; Buil, Cataldn & Martinez 2019). In addition, it has been shown through student feedback,
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as well as pre- and post-simulation testing, that simulations assist students in the development of ‘soft’ or
‘enterprise’ skills (Morin, Tamberelli & Buhagiar (2019).

Literature Review

Simulation for learning

Salas, Wildman, and Piccalo (2009, p. 560) define business simulations as ‘any artificial or synthetic environment
that is created to manage an individual’s (or team’s) experiences with reality.” Business simulations provide
opportunities for the ‘active construction of meaning and knowledge’ through pedagogies such as experiential,
discovery and constructivist learning (Levant, Coulmont & Sandu, 2016, p. 371). Experiential learning is
evidenced through the students engaging directly with the simulation providing experience dealing with
consequences of the decisions they implement. Discovery learning is successful when students act on previous
knowledge to discover new meaning of the concepts they have studied. Dellaportas and Hassall (2013) reinforce
this by identifying that the creation of knowledge from experiencing a real or simulated environment is based on
constructing meaning that is realistic to the learner.

Fearon et al. (2019) expand this concept with their discussion of heutagogic learning, which merges experiential
and discovery learning pedagogies with student personal development. This type of learning is enhanced by the
student’s ability to critically reflect on the associations that can be made between the knowledge developed by
combining the simulation, structured classroom learning and student self-development. However, due to the
individuality of students, this reflective learning occurs at different stages throughout the simulation and tends to
be greatly influenced by the students’ level of motivation.

In addition to the ability of the students to be motivated to participate in the simulation, it must be noted, as stated

by Scholtz and Hughes (2019), that the facilitator plays a large part in the success of any business simulation.

Facilitator support necessary for the students to create appropriate levels of motivation to develop the soft skills

includes:

1. Comprehensive support documentation and activities, which students are encouraged to complete before the
simulation commences

2. Use of between one and eight practice rounds to provide students with formative feedback

3. Recap after each round of the simulation to repeat the theory behind the successes and failures (of the round)

4. Appropriate goal setting by the students, as a collective and individual, where ‘students have to articulate
their teams’ vision, mission and goals’ (Scholtz & Hughes 2019)

5.  Firm understanding about the technology aspects of the simulation so appropriate support can be provided
throughout.

It has been reported in recent literature that students do not engage in deep learning by sitting in lectures,
memorising facts and regurgitating the answers in formats that do not relate to what their future working
experience will require (eg LaDage et al, 2018; Matsushita, 2018). Experiential learning has been pushed to the
forefront and challenges academic staff to reconsider their approach to teaching with comments such as
“Organizing the course around exercises and mental challenges is much more effective than around lectures”, says
Udacity CEO Sebastian Thrun (Fowler 2013). Butler and Roediger (2011) identified that information becomes
more entrenched when it is learnt through active rather than passive methods of learning. Therefore, the use of
simulation exercises to replicate processes, projects or systems that students may experience in future employment
situations is becoming more popular as academics work towards engaging students in a more active mode of
learning (Hamzeh et al 2017).

Wolfe (2016) investigated the use of business simulations as a method of providing Assurance of Learning, one
of the requirements that business schools need to include in their accreditation applications for the Association to
Advance Collegiate Schools of Business (AACSB). He identified that whilst business simulations are a good
method of providing this type of evidence, the simulation used and the method of embedding it into the course of
study needs to be carefully managed. It is vital to ensure that all students are involved in the team activities and
that every team member is given the opportunity to be hands on with the simulation, not progressing through the
course on the back of other more active students. He went on to note that although some simulations provide a
method of countering this by including individual exam style modules, this may not always test the acquisition of
knowledge but rather an understanding of how the game works.

Evidence from the use of business simulations has shown development of enterprise or “soft” skills since they
replicate actions from the workplace. Skills such as teamwork, critical thinking, problem solving, communication,
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cooperation, listening, and negotiation have been developed through the intense active learning approach which
is inherent in these simulations (Levant, Coulmont & Sandu, 2016, p. 372). However, this development often
remains out of reach in courses engineered specifically to teach these skills in a traditional environment (Tseng,
Yi & Yeh 2019). Students use a digital version of the simulation and available digital resources both in the
classroom and in their practice sessions outside of the formal classes to improve their capabilities as well as their
digital literacy skills. According to a student involved in research undertaken by Narayanan and Turner (2019),
only internship would provide a closer link to the soft skills required by a graduate in the “real world”.

Using Capsim for BDMS

BDMS is a third-year undergraduate business elective using the Capstone business simulation developed by
Capsim (www.capsim.org). The course learning objectives (Figure 1) identify that students will develop skills in
business analysis, decision making, identifying factors for business success and working autonomously and
collaboratively.

On completion of this course, students should be able to:

CO1. Analyse the competitive business environment
CO2. Apply complex business decision-making skills
CO3. Identify key factors in business success

CO4. Work autonomously and collaboratively

Figure 1: BUSS 3074 Course Learning Objectives

Capsim is a wholly online simulation that gives students the opportunity to run a manufacturing business in a team
and compete against other businesses (student teams) for the same closed market. Student teams make decisions
in the areas of Research & Development, Marketing, Production, Human Resources, Finance and Total Quality
Management in order to manage a profitable and competitive business. Student teams participate in four practice
and eight competition simulated years and then complete a cut-down version of the simulation as an individual.
Decisions are made using results from the previous year’s performance and there are numerous reports available
online for the students to test the potential outcome of the decisions that they have made.

Student learning is assessed through their team performance (based on the team score in the balanced scorecard,
team identified key performance indicators and a team presentation) as well as their performance in the individual
simulation (based on balanced scorecard and responses to multiple choice questions, which show an understanding
of their business’ competitive situation at key points in the simulation). Finally, students submit an individual
reflection reporting on the students’ self-assessment of the learning they have achieved in the course. Self-
assessment is reported as being one of four important processes to enhance the experiential learning and
knowledge gain of the students (Teach & Patel, 2007). The assessment in this course asks students to reflect on
the learning they have achieved in both a team and individual simulation environment as well as to consider any
skills that they have developed.

Teach (2018) identified a brief, but incomplete list (Figure 2) of the cognitive and non-cognitive skills that students
would be expected to learn from participating in a business simulation. Most business school undergraduate
courses would include these skills and knowledge within their courses and as such it would be expected that
students would be able to explain the concepts/terms. The implementation of these skills/concepts, however, is
not normally taught in the curriculum (Teach 2018). It is for this reason that the use of business simulations is
being incorporated into curriculum.
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How forces outside of the firm's control may affect the firm’s performance
How to understand marginal analysis
How to understand Opportunity costs
The importance of the many topics of forecasting and the costs of forecasting errors
What unintended consequences are
How product life cycles affect decisions
How variable costs turn into fixed costs as soon as commitments are made
The importance of product positioning
How to work n teams
. How to differentiate important information from unimportant information
. How to work under uncertainty
. How to determine interactions among two or more decision variables
. How to anticipate competitive responses
. How to considering possible competitors’ decisions when proposing strategies
. How to analyze reports and financial results
16. How to assess risk
17. How to be mnovative
18. How to be creative
19. How to create budgets
20. How to interpret useful statistics
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Figure 2: Shortlist of what students might learn through participation in a business simulation (Teach
2018, p. 57)

Method

Ethics approval for this project was received as a result of negligible risk ethics application 034/2018. The
application required independent de-identification of all student data from the reflective assignments and this was
completed by two neutral staff members. This study takes a content analysis approach to analyse the individual
reflections of students who have studied BDMS since 2013. ‘Content analysis is a research technique for making
replicable and valid inferences from texts (or other meaningful matter) to the contexts of their use’ (Krippendorff
2013, p. 24). Content analysis not only analyses the text but also considers the context in which the text has been
written. Given that all the individual reflections have answered the same assignment question, the context of the
analysis will remain consistent throughout the years that the study was completed. Analysis was undertaken by
having all identifying features of the 249 submissions removed so that no student could be identified in the
analysis. Papers were then loaded into nVivo 12 for coding and identification of common themes. This software
was selected as it was available to staff in the University, and that the literature regarding qualitative research
often refers to the fact that the ‘systematic and rigorous preparation and analysis of qualitative data is usually time
consuming and labour intensive’ (Zamawe, 2015, p.13). The software was identified as the best possible option
to assist in the reporting of the data for the following reasons:

Simple structure using nodes

Ability of researchers to focus on underlying themes

Easier retrieval of results through efficient coding

Ability to easily reorganise coding and node structures (Zamawe, 2015, p.14)

Nodes (or themes) are created to aggregate the information from the source documents. As data is coded against
a node the software identifies the total number of files relating to the node and the total number of references.
References are considered any segment of a file coded to a node and as such a file may contribute multiple
references for a node (eg team) but could also be coded across multiple nodes (eg team, decision and work).
After some initial software learning and frustration in the use of nVivo, the following section reports initial results
from the coding of the student reflections.

Data and Analysis

Although one of the authors had marked all the reflections from 2013-2018 giving some idea of the types of codes
to be expected, using the software for the first time led to a lengthy decision-making process regarding the codes
to be considered for this research. Finally, two coding methods were trialed in nVivo: manual coding in the first
file and automatic coding of nodes in the second one. The manual coding process completed the coding of 12%
of the source files (31 of the 249). This process took over five hours of continuous work. The autocoding process
completed coding of 100% of the source files in three (3) minutes. Tables 1 and 2 show the first order codes
created in the initial process.
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Table 1: First order codes created through manual coding

Name Files | Reference
Ambition 1 1
Business operations 12 13
Communication 6 6
Competitors 6 6
Conflict resolution 2 2
Decision making 13 19
Department connectedness 13 17
Diversity 1 1
Future career 8 9
Leadership 1 1
Learn from mistakes 5 5
Link to real world 1 1
New knowledge 14 20
Personal attributes 6 7
Problem solving 3 3
Risks 1 1
Strategic management 10 10
Teamwork 25 46
Using prior knowledge 15 17
Working in business 2 3

Table 2: First order codes created through auto coding

Name Files | References | Number of
subcode
S

Business 142 289 155

Decision 215 809 203

Group 168 432 151

Individual 153 287 67

Making 158 335 59

Market 103 191 118

Members 193 416 115

Product 115 206 117

Rounds 153 347 85

Simulation 112 219 81

Team 233 945 262

Team members | 143 251 53

Work 135 236 101

Each of the primary first order codes created through auto coding contained humerous subcodes as can be seen in
Table 2 above. Most of the subcodes were created from identifying a key word either before or after the main
code and therefore there was generally only one file and one reference for each of these subcodes. From the codes
developed through the auto coding process, a second pass was made to clearly identify those codes that were
directly relevant to this study, ie what students learnt through taking the simulation-based course. A series of
second-order themes (Table 3) were developed based on the original manual codes as these better reflected the
understanding of the author in terms of the data contributing to this study. This was undertaken using the approach
suggested by a colleague based on research from Gioia, Corley & Hamilton (2013). At this point data coding was
concentrated in the second file based on the auto coded data to achieve the best possible set of data for reporting.
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Table 3: Second order themes created from the auto coded data

Name Files | References | Number of
Subcodes

Business operations | 71 114 6

Commitment 10 10 0

Competitors 10 10 1

Decision making 41 58 4

Engagement 1 1 0

Enterprise skills 87 172 8

Future career 23 23 0

Knowledge 67 99 5

Mistakes 13 14 2

The themes were finally interrogated to identify the key achievements in student learning through the simulation
course and to reflect on how these themes can inform future teaching methods for the author.

Discussion

The themes generated from the coding of the papers have identified eight main areas the students saw as key
learnings from taking BDMS. Reviewing the course learning objectives, the themes generated from the student
identified learning match with three of these objectives. Although there is no apparent thematic match to course
learning objective 3 (Identify key factors in business success), there were comments in the student papers which
discussed the success of the simulation. This however was not considered by the students as something that they
learnt and as such was not included in the coding at this time.

Table 4: Comparison of Course learning objectives with generated themes

Course Learning Objectives Student Learning Themes

Analyse the competitive business environment Competitors

Apply complex business decision-making skills Decision Making

Identify key factors in business success No match after second order coding
Work autonomously and collaboratively Enterprise Skills (subtheme Teamwork)

Students identified these learning areas with comments such as:
The use of a competitor analysis as an assignment felt real and was a great way to practically demonstrate our
understanding of the course content and theory without regurgitating slabs of text. (Student 209)

I found that individually, decision making are (sic) more effective and quick to make, while in a team it can
take up time to come to a conclusion and stick to that decision... Sometimes making decision individually can
be overwhelming due to only one person making the decisions, this could increase the stress levels of them and
accidently make the wrong decisions or decisions which are not useful. (Student 003)

With working in teams in future | think that if | have an issue about something I should put more effort into
coming up with logical reasoning for why I think there is an issue and try harder to explain this to my team
members. (Student 012)

I have worked in many teams before, both academically and professionally, and walked away from this group
assignment both a better team member and a better leader of people. (Student 016)

In addition to the themes that matched the expected course learning for the student there were other themes which
the students saw as significant to the university learning and for their future career.
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Table 5: Additional Learning Themes — Student identified

Theme Subtheme Sub-subtheme
Business decision making

Department interconnectedness
Effects of decisions

Business departments

Business operations

Investment
Planning
Strategy
Commitment
Competitors Competitor analysis
Engagement
Communication
Conflict resolution
Leadership
Enterprise Skills Personal attributes

Problem solving
Time management
Working in diverse context

Future Career

Apply existing knowledge
Lack of knowledge
Knowledge New knowledge

Relying on knowledge
Theory not always the best
Impact of mistakes
Learning from mistakes

Mistakes

The theme of knowledge is an interesting one with many students identifying the ability to apply existing
knowledge as a key learning in their taking of this course.
Lastly the use of balance sheets and income statements finally became tangible and useful for the first
time in my accounting course, to see the projected outcomes and how they would affect each statement
was a little exciting and gave a great summary as to our teams decisions regarding things like material,
marketing and production of a product and whether that product would produce a profit or loss and how
much it was adding to or taking away from our company. (Student 176)

The ability to learn new knowledge without the actual inclusion of any specific new theory in this course was to
the author a very interesting outcome. Students identified that the new knowledge came from working in teams
and having their teammates provide them assistance in the areas which were not their discipline specialty. This is
particularly true of students who reflected that they were not studying a finance or accounting degree but were
able to learn significant amounts around the financial areas and the understanding of financial statements and
ratios in this course. This, to the author, is an excellent outcome as in other courses it is not often the case that
students help co-create the knowledge for themselves; it is normally disseminated from the lecturer or course
coordinator. This outcome is supported by the research undertaken by Lohmann et al (2018, p. 11) who
commented that ‘overwhelmingly, students found that the teamwork enhanced their learning and problem-
solving’.

I learned a lot about the business world, including: competitor analysis, demand, forecasting and finance

(I know about stocks now!). (Student 230)

But overall, | think we have nice performance on the team, and | am not good at finance part which I got
help by the teammate a lot, so | know more about the way to manage a company in a unique way. (Student
062)

Fearon et al (2019) identified a clear link between student involvement in business simulations and the
development of employability or enterprise skills coinciding with the outcomes reported by the students from this
study. The theme of enterprise skills, which was derived through the nVivo analysis, matches with the UniSA
Business School’s recently developed Enterprise Skills program (UniSA 2018). UniSA is a leader in the field of
graduate quality development being the first University in Australia to embed these qualities into their programs
back in 1991. The Enterprise Skills program is a step forward from UniSA’s graduate qualities with considerable
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research and collaboration being undertaken with industry partners to determine the skills that are needed by
today’s graduates. The fact that students acknowledged that these learnings were being achieved from within this
course and that they relate to their future career (another theme identified) are an excellent outcome from this
study.

In a face-to-face environment, even though the simulation is undertaken using digital resources, communication
became a key for students key learning for students and this was an unintended outcome as it is not part of the key
learning outcomes for the course. It is obvious from their reflections that students found the ability to work
together helped with the improvement in their communication skills particularly those skills of listening and
patience.

We have been taught how to communicate, listen and incorporate others ideas and in business decision
making simulation course we got the opportunity to work and make decision within groups. (Student
234)

I think that listening to others ideas is something that | need to work on because | know at times | can be
controlling and like to have things done my way, but when working in a team it is important to consider
and listen to everyone’s ideas. (Student 004)

Appendix 1 presents the major themes identified through the research with primary statements from the study that
support the themes.

Conclusion

This paper has identified that the inclusion of authentic learning environments, in this instance the use of a business
simulation, has achieved significant learning for the students from their perspective. One of the key outcomes is
the success of the development of enterprise skills such as communication, teamwork, decision making, problem
solving, conflict management and leadership. This supports claims from research, for example Ornellas, Falkner
& Stalbrandt (2019, p. 118) who report that authentic learning tasks and assessments enhance the development of
transferrable skills.

Students self-reported achievement of three of the four course learning objectives whilst additionally noting
learning in several other areas, notably applying existing knowledge, new knowledge from peers and learning
about business practices for their future careers.

This paper will now lead to further analysis of the complete data set with additional themes to be identified, not
purely around student learning, as well as conducting research into any links between student self-reported
learning and the results achieved in the group and individual simulations.
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Appendix 1 — Student statements supporting themes

Table 6: Summary of major themes and student supporting statements

Theme Supporting statements

Business This course is a good real-life subject to teach you a lot of things to be aware of when it comes

Operations to making real-life decisions in the workplace, even though | do not want to start a business
myself, I would like to work as a business analyst and this subject has taught me a lot of things
to be aware of as to what matters, analysing competitors and the products to work, focus on,
the age and reliability.(Student 066)

Department I learnt a lot from this course, even though | am already in a managerial position | gained more

Interconnectedness | knowledge regarding how certain decisions can affect the other parts of the business and not

just the manufacturing business unit. (Student 016)

I would definitely say most of my learning centred around the functions of a business, and how
different decisions affected different areas of the profitability of the business in different ways.
(Student 017)

Business decision
making

| believe this course has prepared me for what the business world will be like outside of
university, including all of the decisions that come with running your own business. (Student
208)

Competitor analysis

I also learnt how important it is to survey what the competitors are doing and form strategies
based on likely decisions made by them. (Student 008)

Communication

By participating in this class and being put in a group for this project, | have learned how to
communicate effectively with other team members under business situations. (Student 144)

Conflict resolution

Conflict resolution is another useful skill that | have learnt when working as a team. (Student
172)

Leadership

...as a management student I need to learn to work and deal with all colleagues and students
and what | have learnt by doing this course is that leadership skills needs to be applied across
all situations. (Student 185)

Personal attributes

You have an advantage by participating in capsim, because you could learn if you are a risk-
taker, team player, if you like the business setting, and if you can handle the pressure that
comes with running a business. (Student 151)

Problem solving

Moving forward, | have taken from this course the ability to develop my analytical skills,
forecasting skills and enhanced my strategic planning understanding. (Student 237)

Time management

Due to the course being intensive and all rounds running to a time schedule | also learned
how to make quick informed decisions and improve my current time management skills.
(Student 213)

Working in diverse
context

| believe that the success of the group largely was dependent on diversity; | enjoyed working
in my team because there was a researcher that had a realist point of view a HR/marketing
person who had an optimist point of view and me a figures person who has a
reasonable/conservative point of view. (Student 007)

Apply existing
knowledge

From this course | was able to use the marketing theories that | have learnt, such as; always
targeting a broader market, not targeting a particular market as it will exclude potential
buyers. (Student 005)

There were a lot of terms that | knew from previous courses but did not really understand in a
business setting. (Student 024)

Lack of knowledge

It was remiss of me to exclude myself in some decision making processes on the ground that |
do not have the necessary knowledge in the relevant area such as finance. (Student 002)

New knowledge

Outside of theories and academic learning, | learnt a lot about conducting business with others,
the importance of individual team members strengths as well as the need for individual
motivation along with team motivation to succeed. (Student 136)

Impact of mistakes

The key area | learned the most in is how a small mistake or rushed decision can cause a huge
impact across a whole business. (Student 032)

Learning from
mistakes

In some situations | decided to take a step back from decision making and allow mistakes to
be made, this then meant that the other team members were able to learn from the mistakes.
(Student 008)

Please cite as: Barker, S. & Davy, M. (2019). Learning business through digital simulation: An analysis of
student reflections. In Y. W. Chew, K. M. Chan, and A. Alphonso (Eds.), Personalised Learning. Diverse
Goals. One Heart. ASCILITE 2019 Singapore (pp. 29-38).
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learned
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Despite broad interest in learning analytics across the Australian Higher Education sector, there
remains few examples of institution-wide implementations. Learning analytics implementation
is currently under-theorised with little knowledge of the complexities that mediate the systemic
uptake required for an institution-wide implementation. It has been established that approaches
to learning analytics that are exclusively top-down or bottom-up, are insufficient for successful
implementation across an enterprise. Drawing upon an award-winning and institution-wide
learning analytics intervention that has been used across almost 5,000 unit offerings, this paper
formulates an initial set of theory informed design principles that can help learning analytics
practitioners mediate the complexities of institution-wide implementation.
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awareness, feral information systems, design principles, emergence

Introduction

Despite sector-wide interest in learning analytics, there are currently few institution-wide deployments at scale
(Dawson et al., 2018; Ferguson et al., 2014). The deficit of whole-of-institution implementations continues to
deny the sector a comprehensive understanding of the complexity of issues that mediate systemic uptake of
learning analytics across an enterprise (Dawson, Mirriahi, & Gasevic, 2015). The same deficit applies to the
theories and methodological approaches required for learning analytics implementation in real-world
environments. Knowing what works, or otherwise, and why, provides potentially valuable generalisations or
abstractions that can inform future learning analytics implementations. A team at a regional Australian university
has been researching and experimenting with learning analytics for over 10 years and has developed an institution-
wide learning analytics system. For deidentification purposes, the system that was developed will be called System
X throughout this study. System X was developed by the team during 2014, has been used in 63% of the
university’s offerings, and has facilitated communications with almost 90% of the university’s higher education
students. While System X is a rare example of an institution-wide learning analytics implementation, its life
beyond implementation has been beset with organisation-related challenges. Reflecting upon the design,
development and operation phases of a learning analytics implementation like System X can provide valuable
insights, which can contribute to a theory of implementation (Marabelli & Galliers, 2017; Sanders & George,
2017). This is especially important for learning analytics where successful, institution-wide implementations are
currently rare.

Learning analytics is a field of research and practice that is relatively new and still evolving (Colvin, Dawson,
Wade, & Gasevic, 2017). While there are many examples of theory-informed, empirical research around learning
analytics, there is a shortfall of theoretical knowledge for how learning analytics can be operationalised in a given
situation (Wise & Shaffer, 2015). Theory provides the learning analytics practitioners with guidance on the
variables to include in their models, how to interpret their results, how to make the results actionable and how to
evaluate their work (Wise & Shaffer, 2015). The current shortfall of theory in the learning analytics literature
around design and action prohibits the broad recipes and principles that can help solve problems in specific
contexts (Colvin et al., 2015). Theories for design and action are needed to provide “explicit prescriptions for how
to design and develop an artefact, whether it is a technological product or a managerial intervention” (Gregor &
Jones, 2007, p. 313). In addition to the absence of theory around implementation, there is a proliferation of
commercially available learning analytics tools that are marketed as institution-wide solutions to complex
problems related to learning and teaching (Dawson et al., 2015). In a vacuum of theoretical knowledge that affords
informed scepticism, organisations are naturally drawn to solutions marketed as learning analytics (Dawson et al.,
2018).

The problem of learning analytics adoption at the organisational level needs to be considered in relation to how
these organisations operate, how they conceptualise learning analytics, and the problems they are looking for
learning analytics to solve. A recent study identified two classes of universities based on their approach to learning
analytics adoption; those that followed an instrumental approach, and those that followed an emergent approach
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(Dawson et al., 2018). Instrumental approaches were identified by top-down leadership, large-scale projects with
a heavy focus on technological considerations, and were associated with limited staff uptake (Dawson et al., 2018).
Emergent approaches were identified by bottom up, strongly consultative processes that proved highly resistant
to being scaled to the organisational level (Dawson et al., 2018). While System X’s adoption was predominately
based on an emergent approach, it was successfully scaled to the institutional level within an organisation with a
stated preference for instrumental approaches to technology adoption.

This paper aims to use the journey of System X’s development and operation to unpack the theories, methods and
heuristics that contributed across its lifecycle to date. It is hoped that the insight into the organisational realities
associated with a learning analytics implementation can help universities address the deficit of institution-wide
implementations, and help bridge the growing divide between learning analytics research and practice (Colvin et
al., 2017; Dawson et al., 2015). This paper develops a design principles that can help learning analytics
practitioners within universities employ emergent approaches to learning analytics implementation that can scale
to the institutional level. In essence, these principles form a nascent design theory (Gregor, 2006), a type of theory
that can be used to guide implementation across a variety of contexts, and can contribute to our theoretical
understanding of learning analytics implementation. This paper aims to answer the following research question:
What theoretically derived design principles can help practitioners employ an emergent approach to learning
analytics implementation?

Methodology

This paper aims to retrospectively analyse an example of the emergent development of learning analytics that
scaled to the institutional level. It applies a methodological approach based on Action Design Research (ADR) to
determine the theoretical elements that contributed to the design, development and operation of the IT artefact.
ADR is a design research method that conceptualises the research process as containing the inseparable and
inherently intertwined activities of building the information technology (IT) artefact, intervening in the
organisation, and evaluating it concurrently (Sein, Henfridsson, Purao, Rossi, & Lindgren, 2011). ADR is not
intended to solve problems as might a software engineer, but to generate design knowledge and reflections by
building and evaluating IT artefacts in authentic organisational settings (Sein et al., 2011). ADR removes the sharp
distinction between IT artefact development and its use by organisational stakeholders that is often assumed with
design research and design thinking (Sein et al., 2011). ADR reflects the premise that IT artefacts are shaped by
the organisational context during their development and operation (Sein et al., 2011). Organisational specific
structures such as hardware, software, process and policies impact upon, and are subtly ensconced in the
development and operation of an IT artefact. That ADR encapsulates the IT artefact within a real-world
organisational context establishes an obvious link with learning analytics whereby a primary challenge is how it
can be implemented across an organisation. ADR suggests that technological rigor often comes at the expense of
organisational relevance and acknowledges that IT artefacts emerge from interactions within the organisational
context (Sein et al., 2011).

ADR consists of four broad, non-linear stages. The impetus for the first stage, Problem Formulation, is an
identified problem perceived in practice by the researchers, that represents a research opportunity based on
existing theories or technologies. The problem is viewed as a knowledge creation opportunity at the intersection
of the technological and organisational domains. The second stage of ADR is the building, intervention and
evaluation (BIE) stage whereby the problem framing and theoretical elements from stage one provide a platform
for generating an IT artefact within an organisational context. The mutual influence of the developing IT artefact
and the real-world organisational context is iteratively and concurrently built and evaluated, generating reflections
and learnings. The third stage of ADR parallels the first two stages and moves conceptually from building a
solution in a specific context, to applying what has been learned to the broader class of problems. Concentrated
effort is conducted on what emerges from the evaluation and research processes, ensuring that contributions to
knowledge are identified. ADR refers to this process as guided emergence, whereby the external, intentional
intervention is brought together with the organic evolution that results from real-world operation (Sein et al.,
2011). The fourth and final stage of ADR is the formalised learning that developed from the research process and
can be represented by generalised outcomes or principles (Sein et al., 2011).

The intention of the ADR process is not necessarily to solve the problem in its entirety, but to generate knowledge
that can be applied to a broader range of problems that the specific problem exemplifies. For this study, the broader
class of problem relates to how an emergent approach can be taken with learning analytics implementation, and
still scale to the organisational level. This study is using ADR to retrospectively analyse System X. System X’s
journey has been divided into three chronological sections; explorations, formal development, and operation. Each
of these three sections is described according to ADR in terms of each section’s problem formulation, BIE, and
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reflections. Project plans, designer reflections, designer blog posts, project logs, emails and other empirical data
sources are drawn upon to inform these sections. Following these three sections, this study will reflect on the
theoretical elements that emerge. These theoretical elements and reflections will inform the main contribution of
this study, a set of theoretically aligned design principles for learning analytics implementation.

Exploration and serendipity: 2008 — 2014

Problem formulation

While System X was established as a formal university project that officially began in 2014, its genesis was in the
five years prior. During this time, the designers were conducting research around learning analytics, exploring
patterns found in institutional datasets, and were exploring how these patterns could help understand and respond
to learning and teaching related problems (Beer, 2008). How these patterns and data could help with student
attrition and student engagement were specific problems the designers were investigating at the time, given a
sector wide trend of increasing online enrolments and its negative impact on student retention (Beer, 2010b; Beer,
Clark, & Jones, 2010). The designers were part of the central learning and teaching support unit who were tasked
with supporting teaching staff with their learning and teaching. This provided the designers with broad
perspectives on the problem based on their daily interactions with the teachers. Their perspectives were further
informed by their technical knowledge, their experience with local information systems, and their knowledge of
institutional policies and processes.

BIE

The System X designers conducted a number of investigations between 2008 and 2014, investigations that
included the development of experimental IT artefacts that were applied in real-world contexts (Beer, 2009b,
2009c, 2010a). These investigations were often centered upon patterns found within the data, patterns that required
further exploration to determine their usefulness and how they could be applied. A simple and early example was
the development of a small artefact that retrospectively showed teachers how online students interacted with their
unit sites compared with the grades their students received (Beer, 2009a). In each case the designers worked with
teaching staff using informal cycles of evaluation centered upon the interventions. Together with the teachers, the
designers were learning what worked, what did not work, and gathering knowledge and experience about why.
Variations in student behaviours, the diversity of pedagogical contexts, the different mental models of the teachers,
along with large variations in teacher’s technical and teaching experience, made it difficult for the designers to
distil which data would be useful across all contexts. As the BIE cycles progressed, a common theme emerged
from the feedback from academic staff. They wanted simple indicators of student activity in their teaching
contexts, and the ability to monitor student activity to determine if the actions the teachers were taking during the
term was impacting upon student activity and results (Beer, 2009d). In addition, teachers wanted the data to help
them with a range of questions they had about their students depending on their teaching context. These questions
included: which students have accessed the LMS site and when; how often are they accessing the LMS site; which
students have failed this unit previously; what is their GPA and so on?

During this period, the team’s supervisor, a Pro Vice Chancellor (PVC), was coordinating a large undergraduate
science unit and asked if the learning analytics activities the designers were engaged with could help with their
unit’s relatively high failure rate. Using the learnings from the previous BIE cycles, the designers provided the
unit coordinator with weekly lists of all students in the unit, arranged by an algorithmically developed estimate of
success (EOS). The EOS was a simple algorithm that combined each student’s academic history (GPA, prior fails,
grades received, withdraw fails) with their current level of Moodle activity as indicated by clicks, and was modeled
using previous offerings of this and other units. The unit coordinator used this list to proactively contact students
who were showing as being at risk of failing. This process, along with other instructional design changes,
contributed to a 7% reduction in the failure rate of the unit over the next two offerings, on top of a small rise in
the student satisfaction surveys. The unit coordinator’s direct contextual experience and their influential position
with the university led to the establishment of a formal, centrally-funded project to develop the concept into an
system that could be used by all unit coordinators.

Reflections and learnings

The organisational position of the designers afforded a perspective that was situated between university-wide
learning and teaching policies, processes and management, and the learning and teaching coalface. Their roles,
their history with technology at the institution, their interest in learning analytics, who they worked for and no
small degree of serendipity associated with legacy access to institutional datasets, meant that the designers had
access to data, and had the technical skills to manipulate it and represent it in different ways as the situation
required. The trial-and-error cycles of development, and the close proximity the designers had with the teachers,
led to an understanding of what data could help with what problem, and how it might help. The multiple
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perspectives of the designers allowed them to consider the problem in a different manner than would be afforded
by a single perspective, such as a software developer for example. The circumstance whereby the team’s
supervisor held an influential position with the university, and was also teaching a unit with a specific problem,
was happenstance, yet pivotal in the establishment of a formal university project to expand on the initial concept.

The rise of the feral system: formal development - 2014

Problem formulation

At the prompting of the PVC, a formal university project began with the associated funding being allocated at the
end of 2013. A project initiation document was prepared by the designers where the stated purpose of the overall
project was to “help address student attrition by strengthening and focusing the interactions between academics
and students” (Reed, Fleming, Beer, & Clark, 2013, p. 3). The broader project had multiple sub-components, one
of which was System X, the learning analytics focused project. System X was aimed at helping with “the early
identification of students who may be at-risk along with more effective targeting of student support for such
students” (Reed et al., 2013, p. 6). A further requirement was added by the PVC who specified that the system
needed to be very easy to use with little to no training or guidance required. While earlier explorations provided
the designers with some understanding of what was required at the unit level, moving beyond a small scale
intervention to an institution-wide 1T artefact required a more formal approach due to the required investment in
infrastructure, integration with other university systems, and consultation with other university departments. As
such, the practical problems faced by the designers during this time was how to scale System X from a handful of
units to a university-wide system, and how System X could be integrated with established university systems.
These are problems represented in the wider learning analytics literature whereby the transition from small, local
learning analytics experimentation, to institutional-wide implementation is known to be difficult (Ferguson et al.,
2014).

BIE

The formal development of System X began with the allocation of funding and the fulltime secondment of the
three designers. The team of designers consisted of two teaching academics and a graphic designer, who all had
web development skills. System X was unusual in the context of information systems procurement, in that it was
developed in-house and outside of the information technology (IT) department. The conceptual shift from a small-
scale experiment to the institutional scale, while superficially a technical exercise due to the learnings already
developed from previous BIE cycles, required cycles of iteration beyond just technical iterations. For example, as
staff used and became more experienced with System X, the designers noticed that the feedback staff were
providing changed from functionality-related commentary to requests for additional features. As an example of
this, an iteration of System X released early in 2014 provided unit coordinators with a mail-merge feature that
allowed them to send personalised emails to groups of students. Feedback from unit coordinators suggested that
an indication of changes in student behaviour after the email would be useful in terms of assessing the need for a
follow up. This indicator was added to the Moodle weekly activity timeline in System X and meant that they could
quickly identify changes in student behaviour after the email “nudge”. The gradual shift in teacher feedback as
they used System X was found to align with previous research that showed staff usage of education systems in
general became more refined as they gained experience with the system (Malikowski, Thompson, & Theis, 2006).
The iterative approach taken by the designers catered for the reciprocal evolution of both the technology and the
human users of the information provided.

Formal and informal consultations, and conversations with schools and discipline teams, contributed to System
X’s evolutions. Over 20 open discussions were conducted with various departments of the university during the
first half of 2014. Each of the ideas presented in these forums were collected by the designers with the intention
of incorporating as many as possible in the available time. This was reflected in the underlying modular design of
System X where it was designed with an expectation of frequent change. However, the governance requirements
associated with a funded institution-wide project often conflicted with the approach the designers employed.
Detailed plans, that included specific feature release dates and other detailed outcomes were required upfront,
prior to the building process. In the case of System X, the project management framework used by the institution
discouraged an evolutionary approach where the next stage of the project was uncertain, dependent on cycles of
feedback from the teachers, and not predetermination. For a concept like learning analytics that was very new at
that time, the absence of institution-wide implementation examples or recipes required an evolutionary and
learning approach. From a methodological perspective, the design phase of System X differed from the
exploration phase in that much of the effort became directed to the IT artefact to achieve the required scale and to
still support adaptation. However, it could be argued that the approach was more focused on the education
intervention as opposed to the IT artefact, as the end-users were still integral to the ongoing design process, and
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there is evidence of reciprocal shaping whereby the end-users and the IT artefact continued to be shaped by each
other.

Reflections and learning

The iterative approach taken with the development of System X supported the emergent development of the
intervention where the intervention consisted of both the IT artefact and the end users. The approach allowed the
IT artefact and the end users to coevolve as the design was implemented into a complex organisational context.
So while the overall project superficially conformed to the mandated top-down, plan-driven approach, the
underlying development process was conducted with change and evolution in mind. Adopting a modular design
from the outset afforded the ability for the IT artefact to change based on user feedback. The iterative and
evolutionary approach also contributed to the problem of scale. Aside from the addition of several hundred units
with variables that included pedagogical contexts, student cohorts and teachers, the technical design needed to be
flexible enough to enable frequent change. The technical components required to support a flexible, iterative
approach and often conflicted with traditional enterprise implementation norms. So while the consultative
approach and modular design allowed the IT artefact to adapt with the teachers as they became more experienced
with the system, the design was different to IT procurement and architecture norms.

Maintenance and operation: 2015 - 2019

Problem formulation

The formal System X development project finished at the end of 2014 with the designers returning to their
substantive positions in the central learning and teaching support unit, signaling the end of the development phase
and the start of its maintenance phase. While the team’s supervisor had informally indicated System X would
continue to be maintained by the designers moving forward, the supervisor’s retirement created a new set of
unanticipated problems. The idea of an institutional IT system operating outside of the central IT department was
unconventional, and associated with a myopic assumption of risk. How System X could continue to operate, never
mind evolve, without senior-level advocacy, in an increasingly lean and homogeneous IT environment, became
the core problem associated with this phase. This is a problem that links with a broader problem noted in the
research literature, associated with issues that arise with systems that are developed outside of central IT
departments, systems that are often referred to as shadow systems or feral systems (Behrens & Sedera, 2004;
Spierings, Kerr, & Houghton, 2014, 2016).

BIE

While System X was unable to secure funding or workload allocation for maintenance, the designers continued
to keep the system operating in its current form in addition to their normal duties. This included a number of non-
trivial adaptations that were required to cater for upstream changes that impacted upon System X’s data ingestion
processes. However, from an ADR perspective, the BIE cycle was severely constrained with the lack of allocated
resources, a situation that contrasted with the design intent. Despite this, System X had developed into a tool that
continued to prove useful for many teaching staff. At the time of writing System X has been used to view 63%
(4,924) of the university’s higher education offerings while 39% (3,016) of these offerings used the personalised
email (nudge) facility. These nudges were delivered to 89.7% (49,089) of the university’s higher education
students over this period and usage continues to grow. For example, there were 108,523 nudges delivered in 2014
by 231 teaching staff whereas across 2018, 315,192 nudges were delivered by 429 teachers. A sentiment analysis
of 1,208,762 nudge texts has shown that 61% of the nudges were worded positively, 30% used neutral language
and 9% were deemed to be negatively worded. This aligns with the design intent whereby System X was not
developed as a reliable predictive instrument, but as a tool of positive communication between teachers and
students, with a focus on the students most at risk. While the usage of System X continues to grow, its long-term
sustainability remains uncertain due to negative perceptions associated with its unorthodox implementation
approach.

System X was unable to secure funding for maintenance beyond the end of the development phase. That it was an
IT system outside of central IT control, proved to be an irreconcilable hurdle when funding was being sought for
basic maintenance. Exacerbating the problem, was tension with the IT department who were concerned with what
they considered to be an enterprise system, operating within the organisation, and outside of their direct control.
A senior member of the IT department was quoted as saying “we don’t want another repeat of...System X,
referring to the approach taken in System X’s development. Ironically, the development approach taken by the
design team had previously been recognised with a national learning and teaching award (Australian Office for
Learning and Teaching, 2016). The IT department’s targets and performance indicators generated a different
ontological perspective of System X to that of the designers and the teachers; a different perspective that
encapsulates different assumptions about how such work gets done (Ellis & Goodyear, 2019). This demonstrates
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how an exclusive focus on IT considerations can be incompatible with learning approaches and problem solving
in complex environments, when an IT artefact is involved (Macfadyen & Dawson, 2012). While teacher usage of
System X continues to grow, the lack of resourcing and investment has prevented its evolution beyond what was
available at the end of the design phase, a situation that contrasts with the design intent where a fundamental
premise was adaptation and change.

Reflections and learning

Arguably, the approach the designers had taken with the development of System X approximated an emergent
BIE cycle when framed with ADR. The primary focus was on solving a problem at the intersection of the users,
their learning and teaching context, and the IT artefact. However, from the perspective of normal IT procurement
and implementation, the primary consideration is on technical matters relating to the IT artefact (Macfadyen &
Dawson, 2012). This created an organisational tension around the IT artefact, a tension that still exists at the time
of writing. As learning, teaching and technology become further entwined and interdependent, this creates a
problem whereby the focus on the IT artefact, coupled with rigid approaches to implementation, can become
divorced from the problem context and the context of the human users, a situation that inherently limits the ability
of organisations to adapt to emerging and complex challenges. Imposing one-size-fits-all approaches into
changing and increasingly complex learning and teaching contexts makes exploration and implementation of
hybrid concepts like learning analytics exceedingly difficult. Learning what works, why and how with learning
analytics is unlikely to emerge from rigid, plan-based approaches to implementation. However, the notion that a
well-used and reliable system can be considered feral, is represented in the research literature, and was a critical
and unanticipated oversight by the design team.

Formalisation of learning

The following section reflects on the design, development and operational phases of System X from a theoretical
perspective. This section is an attempt to derive formal learnings from the System X phases into theoretical
elements that can be translated into design principles that support emergent approaches to learning analytics
implementation.

Bottom-up, middle-out and meso-level practitioners

System X was designed and developed by academic staff, whose roles involved the provision of learning and
teaching support to teachers, as well as contributing to policy, processes and learning and teaching systems. The
teachers were embedded in the process of System X’s development, which helped ensure the process was
grounded in the teachers’ lived-experience (Beer & Jones, 2014). The designers were able to help the teachers
adapt to the new technology, and could also adapt the technology based on its real-world use by the teachers. The
designers’ roles and position between the top-down and bottom-up allowed them to balance the requirements of
the end-users (teachers) and the socio-material requirements of the organisation. This aligns with a theoretical
construct known as meso-level practitioners (MLP). Much of the work of implementation with learning and
teaching related innovation happens at the meso-level, which sits between small-scale local interactions, and the
large scale policy and institutional processes (Hannon, 2013). MLP are well situated to mediate the tension
between learning and teaching practice and the ambiguities associated with real-world technology change
(Hannon, 2013). For learning analytics implementation, MLP is a theoretical perspective that can help balance
the tension between the top-down and the bottom-up; emergent and instrumental. However, the MLP concept
requires a blurring of the sharp distinction between traditional organisational boundaries.

Shadow systems

The problems that arose for System X as an institutional-wide system, relate to how it was developed outside of
normal IT procurement processes and that it was perceived singularly as an IT system. The lack of funding for
maintenance and the tension that developed with the IT department had detrimental impacts on the system. IT
systems that are not under the control of an organisation’s IT department are often referred to as shadow systems
(Spierings et al., 2014; Zimmermann, Rentrop, & Felden, 2014). These are systems that sit outside of the control
of IT management and often develop as work-arounds for the deficiencies with existing institutional systems
(Spierings et al., 2014; Zimmermann et al., 2014). There are two perspectives on shadow systems in an enterprise
environment: On one hand, they introduce innovation into an organisation and allow for flexibility in specific
contexts; On the other hand, they increase heterogeneity and complexity (Spierings et al., 2014, 2016;
Zimmermann et al., 2014). However, most contemporary universities follow a strategic approach to deciding what
work gets done (Jones & Clark, 2014) and shadow systems are generally considered to be an undesirable
phenomenon in these environments (Behrens & Sedera, 2004). While shadow systems are often viewed
unfavourably, it has been argued that their presence is an indication of a gap between required business workflow
and what the sanctioned systems are providing (Spierings et al., 2016). Managers or supervisors can often insulate
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the shadow systems from the enterprise system proponents who seek to close or suppress the shadow systems
(Spierings et al., 2016). With the loss of a key advocate from a senior leadership position, System X was
increasingly perceived as a shadow system, as it sat outside centralised IT management. Emergent approaches to
learning analytics implementation requires a shared organisational conceptualisation of the process as applied
research, rather than a purely IT implementation process.

Complex adaptive systems (CAS)

The evolutionary approach taken in System X’s development acknowledged and supported the adaptation of the
agents involved. The cyclical approach facilitated the reciprocal shaping of the IT artefact and the teachers, within
an organisational context. Plan-based approaches assume that there is sufficient knowledge about how to integrate
the technology so that a recipe-based approach can be applied (Hannon, 2013). In the case of an emerging field
like learning analytics and in the absence of a critical mass of successful examples, there are currently no recipes
to support a deterministic approach. Further to this, top-down and mechanical approaches assume that the system
and its agents are stable and unchanging, an assumption that is fundamentally flawed in systems that involve
humans (Beer, Jones, & Clark, 2012; Snowden & Boone, 2007). Reconceptualising learning and teaching as a
complex system (Beer et al., 2012) or more recently, applying principles of complexity leadership theory
(Siemens, Dawson, & Eshleman, 2018), have been presented as theoretical foundations that can guide non-
deterministic and emergent learning analytics implementation. Complexity contends that systems involving
agents, such as humans, are always changing disproportionately with the non-linear interactions between agents
(Boustani et al., 2010; deMattos, Ribeiro Soriano, Miller, & Park, 2012; Plsek & Greenhalgh, 2001). For learning
analytics implementation, complex adaptive systems (CAS) theory provides a conceptualisation of the system that
describes the interdependency and mutability of the agents and actors operating within the system (Beer et al.,
2012; Beer & Lawson, 2016; Dawson et al., 2018). The application of a CAS lens to learning analytics
implementation provides a theoretical base for an emergent approach in a socio-technical system that is complexly
and unpredictably entangled with other socio-technical systems.

Situation Awareness (SA)

The System X designers struggled to distill the types of data that the teachers required from the incredible volume
of data available. Like most organisations, universities are collecting vast volumes of diverse data from their
operations. The humans in these environments are exposed to increasing volumes of data which has created a gap
between the volume of data being produced and the data that the human needs to achieve their goals (Endsley,
2001). Situation awareness (SA) is a theory that helps to define the data that the human operator needs at a
particular time (Endsley, 1995). Visibility over the elements interacting within their environment is crucial for
decision-making, particularly as the complexity of our operating environments increases (Endsley, 1995). In
essence, situation awareness is the operators internal model of the current state of their environment (Endsley,
2001). In the case of System X and although the designers had access to vast quantities of diverse data that could
be provided to the teachers, situation awareness theory suggested limiting the data to key metrics related to the
teachers’ tasks, and that teachers needed the ability to filter the available information. It is vitally important that
learning analytics be tethered to the learning design, and consequently the goals and expectations of the users
(Wise, 2014). For learning analytics implementation in data rich university environments, situation awareness
provides a theoretical framework and design principles for filtering, focusing and centering the information on
the goals of the human operators (Endsley, 2016).

Sensemaking (SM)

System X included the ability for the teachers to take action based on the information they were provided, along
with an indicator that could help assess the subsequent impact of the action. Taking action and monitoring for a
resultant change is a key property of a theoretical construct known as sensemaking. Sensemaking is the interplay
of action and interpretation (Weick, Sutcliffe, & Obstfeld, 2005). The most basic question in sensemaking is
“what’s going on here?”, closely followed by “what do I do next?” (Weick et al., 2005). Sensemaking is about the
continual redrafting of an emerging story through cycles of action and interpretation (Weick et al., 2005). In other
words, it is not enough to provide teachers with just situation awareness, it needs to be coupled with the ability
for them to take action (Jones, Beer, & Clark, 2013). The ability for teachers to take action based on learning
analytics data, can often be overlooked in the face of increasingly sophisticated and attractive data analysis and
visualisation tools. However, sensemaking is a critical diagnostic process that allows us to develop plausible
interpretations when faced with ambiguous cues (Weick, 2012). These plausible interpretations are coupled with
actions where the results further refine our understanding in a cyclical process. As learning environments and
student lives become more complex and busy, our ability to make sense of situations based on what can only ever
be fragmented information, is becoming increasingly important. This would suggest that the provision of near
real-time information that augments the humans operators, coupled with the ability to take action, is a more
appropriate starting point than detailed statistical analysis and sophisticated predictive modeling (Liu, Bartimote-
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Aufflick, Pardo, & Bridgeman, 2017). For learning analytics implementation, sensemaking provides a theoretical
framework for the taking of action based on near real-time and incomplete information.

Design Principles

Design principles are intended to be reusable, evidence-based heuristics that can inform future development and
implementation decisions across contexts (Herrington, McKenney, Reeves, & Oliver, 2007). However, learning
analytics is a diverse field and its purpose will be driven by the context in which it is applied. Variations in
pedagogical intent, learning design, available organisational technology, staff capability and capacity will
influence the design, development and operation of the learning analytics systems (Wise, 2014). Similar to the
learning analytics concept, design principles for learning analytics implementation cannot be everything for
everyone. Instead, this study is proposing a set of initial design principles for meso-level practitioners engaged in
learning analytics implementation, where the design principles are empirically derived and theory-informed.

The following principles are intended as an initial starting point for meso-level practitioners engaging in learning
analytics implementation in higher education and represent the embarkation point of a longer journey. The concept
of meso-level practitioners and the following design principles can potentially help bridge the divide between the
current polarized approach that learning analytics implementations tend to take. These design principles offer a
model of compromise that may help bridge these seemingly incompatible approaches to learning analytics
implementation. Applying these principles in real-world contexts will refute or refine the principles and determine
their applicability across multiple contexts. The application of these principles will also provide guidance on

another under-theorised area of learning analytics, how to design the actual learning analytics artefact.

Table 1. Design principles

Principle Description Theory
Balance top-down | Learning analytics implementation requires an emergent approach that | MLP
and bottom up balances top-down and bottom-up requirements and considerations.
Balancing the ambiguities of the teachers’ lived experience with the
organisational requirement for homogenization is the role of the meso-
level practitioner.
Balance the socio- | Meaningful learning analytics requires equitable and contextual | MLP
technical consideration of both the users and the technology. Recognise that
effective learning analytics results from the complex interplay between
humans, technology and context.
Consider learning | Learning analytics implementation is a process of discovering what | Shadow
analytics works, or otherwise, and why, in specific contexts. The objective is not | Systems, SA
implementation to | to build an IT system, but to iteratively and methodically develop
be applied research | knowledge about what information the users require.
Allow for | Outcomes from the learning analytics process emerge from complex | CAS
emergence interactions between humans, technology and information. Design for,
expect and facilitate change.
Apply informed | Detailed plans, deterministic approaches and assumptions of certainty | CAS
skepticism are incompatible with the complexities of learning analytics
implementation.
Centre the learning | Filter information to just what is needed to support specific tasks and | SA
analytics goals in specific contexts. Resist the urge to provide additional
information around | information just because you can, or it is easy to do.
tasks and goals
Link learning | Provide affordances for action. Information and action are inseparable. | SM
analytics with | Understanding in complex environments results from the combination
action of information and the taking of action.
Apply  purpose- | The purpose of specific learning analytics implementations will have | General
specific, theory- | related theoretical underpinnings that can help inform the
informed implementation. Theory provides the implementation with guidance
evidence-based on a range of important functions including variable selection, model
practice selection, data selection, result discrimination, result interpretation,
actionable results and generalisability of results (Wise & Shaffer,
2015).
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Conclusion

The experience provided by System X comes at an opportune time for Higher Education with many universities
looking to learning analytics to help solve complex problems. In many, if not most of these cases, overly simplistic
conceptualisations and mechanical approaches to implementation will limit the potential benefits in the longer
term. Reconceptualising learning analytics implementation as cross-institutional applied research can help bridge
the growing divide between learning analytics research and real-world practice, and lead to meaningful learning
analytics implementations. Learning analytics is a relatively new concept in Australian Higher Education and the
reality of real-world implementation is proving to be difficult and complex. Reframing our ontological
conceptualisations of learning analytics implementation from the design of IT products, to the co-design of a
service that integrates IT and people, is a vast and under-acknowledged challenge that has been recognised more
broadly (Ellis & Goodyear, 2019). The design principles developed by this study provide an initial starting point
that can help universities develop more meaningful learning analytics implementations through emergent
development approaches.
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In the Village: Enabling transformative and student led
engagement with social science making through the design
of technology rich learning spaces

Peter Bryant
University of Sydney Business School
Australia

Learning through making has emerged as a critical form of pedagogy in the digital era of higher
education, supporting active learning, students as co-creators and co-designers of their own
learning and accessible forms of experiential education. Much of the existing literature and
practice in making focuses on how to embed maker pedagogy within STEM fields and arts and
media practice. This paper will explore the unique nature of making in social science education
and role of technology rich spaces that were designed and deployed at the London School of
Economics and Political Science in the United Kingdom played in supporting students to
engage in social science making connected to assessment, teaching and as ways of navigating
their own pathways through and inside their own village of learning spaces.

Keywords: Learning spaces, making, social science education

Introduction

Making has emerged as a form of critical pedagogy that supports active and participatory learning in higher
education environments through the construction and sharing of something produced or created, often located in
technology rich spaces (Blikstein, 2018; Bullock & Sator, 2015; Cohen, Huprich, Jones, & Smith, 2017). Many
universities are investing in makerspaces and digital labs, supported by technology-led pedagogical innovations
that can be used to connect students within and between disciplines, facilitating making and inspiring creative
approaches to thinking by using digital technologies (such as 3D printers and drones) and more traditional maker
forms and tools (such as Lego, DIY art or crafting) (Barrett et al., 2015; Moorefield-Lang, 2014; Thomas, 2018).
The commonalities between the development and design of makerspaces and making as a form of teaching,
learning and assessment are well explored in the literature on STEM education, both at University level and within
secondary and primary schools (Barniskis, 2014; Barton, Tan, & Greenberg, 2016; Kalil, 2013). In the social
science education literature, making as a form of pedagogy is a nascent concept often aligned with the pedagogical
notions of student co-construction and students as producers (SAP) as opposed to the more constructivist, physical
or experiential approaches inherent in STEM education (Gerodetti & Nixon, 2014; Neary, 2014). Whilst much
of the technology located within makerspaces in academic libraries (such as workstations, audio and vide editing
and gaming) can be used for social science making, the pedagogical focus has been on the role of that technology
to better engage in tinkering and experimentation, transitions from consumer to producer and the development of
technical skills in using devices such as 3D printers (Burke, 2015). How do spaces for learning and teaching in
social science education support making pedagogies over and above the support of technological interventions
and facilitation? Can the opportunities afforded by making pedagogies (and the spaces the are located and
immersed in) go beyond the use of media and technology to facilitate creativity and tinkering to engage with an
expanded understanding of making, one that is located within social science curricula and learning outcomes?

Located within the context of scaling and sustaining an award-winning portfolio of SAP projects at the London
School of Economics and Political Science in the United Kingdom, this paper exposes some of the complexities
of using spaces, technology and social media to support and enhance student and staff capabilities to engage in
the definition and deployment of social science making pedagogies. It will use case studies of two spaces that (in
part) work towards defining the requirements and conditions supporting social science making as a pedagogical
practice as well as explore how singular spaces such as makerspaces present challenged notions of permission,
belonging and facilitation in the context of some of the abstract notions underpinning social science making
pedagogies and how collective, integrated spaces (the village) might better engage students with the organic,
exploratory and contested activities of making.

Locating making as a practice

Making is a relatively generic term that has multiple meanings across several disciplines and fields of study
(including arts and media, science, education and sociology). Lande (2013) argues that making is a connected
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series of acts ranging from building to the process of turning parts into an object, aligning making (as a process)
with the sense of creativity and fun it engenders for the maker. Britton (2012) adds to this by arguing that
institutions can support learning by ‘....creating playful information-based spaces [that] allow the learner to
explore and engage with content on the learner's terms instead of on the instructor's terms.” Several writers have
extended the conceptual definition of making to include cognitive processes such as thinking, analysing and
creativity (e.g. Bratich & Brush, 2011; Gauntlett, 2013; Orton-Johnson, 2014; Ratto & Boler, 2014), whilst others
have located making within more traditional activities such as construction, production, prototyping and tinkering
(Bevan, 2017; Lock, da Rosa dos Santos, Hollohan, & Becker, 2018). Making has also been described as an
attitudinal state linking practices and skills to wider notions of citizenship, participation and engagement (Ratto
& Boler, 2014). Orton-Johnson (2014) makes the case that making is essentially a socially networked and
connected practice that informs the wider engagement of the community through participating as a citizen. Making
something extends the role of the maker past that of a consumer, affording them the opportunity to engage
‘passionately’ with the field or form (Dougherty, 2012).

The social capacity afforded by making has been significantly enhanced by technology and social media. The
application of these technologies to facilitate and support the formation of DI'Y communities has blurred the lines
between DIY making and social media practices such as the sharing and making of user-generated content (Lingel
& Naaman, 2012). Henry Jenkins in his extensive writing on modern making culture argues that made culture is
not a singular act, ending with the production of an artefact or shareable product. Across a number of studies on
participatory culture (Jenkins & Ito, 2015; Jenkins, Purushotma, Weigel, Clinton, & Robison, 2009) he argues
that DI'Y making is an inherently social process that includes social practices such as the sharing of culture, lived
experiences, play and bricolage. Even in the context of the physical acts of making, he argues that sociality in the
form of networked and connected engagement, for example the remixing and repurposing of existing cultural
forms, defines making in the digital age:

...the power of participation comes not from destroying commercial culture but from writing over it,
modding it, amending it, expanding it, adding greater diversity of perspective, and then recirculating it,
feeding it back into the mainstream media. (Jenkins, 2006, p. 257)

By including making practices such as re-mixing, modifying, amending and re-purposing into DIY making,
Jenkins incorporates social processes that draw directly on the creative work of others (not just the replication of
those works) to make something new.(Jenkins, 2006, 2009; Jenkins, Ford, & Green, 2013). This extension of
making to include challenging, reinterpreting, re-using physically (objects and media) and conceptually
(perspective and ideation)

Students as producers at the London School of Economics

The London School of Economics and Political Science (LSE) is one of the world’s leading social science
institutions with undergraduate and postgraduate programs specialising in disciplines across the spectrum of social
science education from management and accounting, through government and politics and anthropology and
sociology (with mathematics, statistics and philosophy in between). Before 2015, much of the teaching and
learning at the School was delivered in traditional lecture/tutorial format and assessed through high stakes final
examinations. As part of the Schools strategy for enhancing the student teaching and learning experience, a
program of pedagogical interventions that engaged students actively in learning and provided opportunities for
them to work together was launched in 2015/16. The aim of this program was to encourage students to build
connections with colleagues and to enhance their capacities to both challenge and repurpose the knowledge they
were learning. A critical component of this was program was the Students as Producers (SAP) initiative which
was designed to transform the student experience from one that was primarily didactic to one that prepared the
learner for the challenges of work and practice and engaged them actively in their own learning. Students were
supported through learning and engaged through assessment to acquire and apply skills in communication,
collaboration, problem solving and digital literacy to specific discipline-based contexts. These skills enhanced
their capability to learn and inhabit the identity of emerging professionals and practitioners located within their
discipline, through face-to face teaching and assessment supported by an authentic experience rooted in social
science making practices. SAP was a multi-faceted project that had four main streams of activity, each designed
to deliver the objective of enhancing learning, teaching and assessment through student co-creation in different
ways;

1. Pedagogical innovations in making. Using a series of grants, the School supported twenty projects

between 2014-2018 that included transforming assessment using methodological approaches such as
documentary film making and media production, telling urban stories in Geography, podcasts for
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students, the development of an undergraduate student led research journal and supported PHD students
to make games for and with their undergraduate colleagues.

2. Digital Storytelling. This stream of activity generated student produced media across variety of
platforms, both inside and outside the classroom, including projects to support the digital literacy of new
students, and help students develop better digital and professional identities through posters,
undergraduate research, blog posts, YouTube videos and participatory events. This stream supported the
LSE2020 project where the stories and learning experiences of nearly 300 students were collected and
shared via video (made by and for alumni and students).

3. Creative hub. The School built a hub of students and young professionals to work with programme
teams and students to enhance their Moodle presence, to build skills around media making and design,
and to work to enhance the quality of our learning spaces through interactive artworks, linked to
technology and learning.

4. Students as researchers. The School developed a number of research projects that used students or
recent graduates as research leads in projects ranging from learning analytics, student voice and
satisfaction projects, program evaluation and learning spaces research. These projects were shared
publicly and presented by these students at the School and at conferences

This paper will focus primarily on the first two streams of activity (although some of the data used emerged from
activities undertaken in the other two streams). In the context of scaling the original small cohort pilots into larger
units of study hat impacted more students, we began to think about the importance of spaces to support at a
practical level how we scaled these projects. For example, one pilot project supported 20 students to make
documentary films. We were able to hack office space to become makeshift editing, collaboration and sound
studios using a combination of furniture, some professional equipment and domestic technological infrastructure.
When the project doubled in size, these spaces were insufficient, and their pedagogical limitations were exposed.
The spaces also only addressed the direct media-making requirements of the project, and forced students to find
other spaces to do the rest of the making and learning required to complete the assessments (planning, rehearsing,
interviewing, collaboration and problem-solving). Most of the learning spaces at the School were designed as
study rooms, generally individual with a limited amount of collaborative ‘group study’ space. They were not
technology rich but were densely utilised, especially at assessment crunch points. One of the design intentions of
a School-wide evaluation and redesign of learning and teaching spaces was to support and enhance the capacity
for our students to engage in social science making collaboratively and to identify ways through which our
students could share their making with others.

Defining social science making and the critical role of space

From a practical level, the School was faced with a shortage of spaces to make and show media, to record film
and sound in controlled environments and to work collectively on making projects, both from the teaching side
and the student engagement perspective. There were only limited spaces in the library primarily for students to
engage with each other to debate and discuss social science challenges or pernicious questions. Students were not
actively encouraged to work in groups or form communities in many of their units of study and the physical
learning spaces reflected this dominant pedagogy, dominated by single seat desks, bean bags and quiet study
environments which made finding collaborative and creative physical spaces difficult, This moved much of the
interaction required for these units into virtual spaces such as Google Docs, WhatsApp and Facebook, all of which
were in the direct control of the students themselves (Liote & Axe, 2016). It also left the University owned virtual
spaces such as Moodle and library systems to serve as facilitators of academic compliance (assessment
submission, referencing etc).

Pedagogically, the challenge of supporting and encouraging making in our spaces was a more abstract one. We
first had to address the question; how was making represented in the teaching of social sciences, which is often
theoretical, conceptual or socially constructivist? Making as a pedagogy can be demonstrable and visible within
physical activities such as constructing prototypes, art, craft, artefacts etc (Hynes & Hynes, 2018) or in the form
of coding for gaming, robotics or machine learning (Hsu, Baldwin, & Ching, 2017). These types of making whilst
capable of being applied to learning social science disciplines do not reside naturally within their epistemological
frames. As we engaged in evaluations of the pedagogical impacts of the SAP projects, different forms of making
began to emerge. Located within the more intellectual aspects of social science education, our students learnt
through making at a conceptual and ontological level. At a practical level, they were engaged in making
documentary films as part of their assessment in visual international politics, which were shared with the
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community of and cultures they were chronicling through various media sharing social media. Through tour
evaluation of the SAP projects we began to observe different forms of making that were manifest in processes
such as debate between competing positions on critical problems, theory development and challenge, digital
storytelling and student-led ethnography and collaborative problem solving. Supporting how students engaged in
these forms of making outside the classroom and in the time and spaces they used for self-study, groupwork and
assessment presented challenges, such as the increasing inappropriateness of the dominance of single seat study
spaces and quiet areas. The challenge for the School was to design learning spaces that facilitated, both physically
and technologically, these emergent forms of social science making so that students felt they were provided with
the support and encouragement to engage and participate collaboratively.

Experiment 1 - The Rotunda Learning Spaces

Picture 1: Rotunda Learning Spaces — Clement House LSE, London, UK

Occupying a previously underutilised void space in a stairwell in the busiest teaching building of the School
(Clement House), the Rotunda Learning Spaces (RLS) project is comprised of six learning spaces, designed for
between 4-8 students each. The RLS had to be discipline agnostic, supporting the learning practices of students
studying in multiple disciplines, all of which densely used this building. The spaces were commissioned on a
very small budget with no architectural design input. From the earliest stage of ideation, the RLS were envisaged
to be pilot spaces for different modes of learning not supported at the School. Picture 1 shows two examples of
the six new spaces. The first (left) included small group work and theory development which was supported by
moving laptop desks, interactive whiteboards and moveable seats. Another example (right) was the multimedia
making space, with fixed computers designed for both casual use but also in the medium term, for use as editing
computers for video. These two spaces were supported by four other pods of collaborative furniture, writable
surfaces and power, located within bright, lush, open and well-light spaces all thematically aligned to global cities.
On two lower floors, large TV screens were installed in high traffic areas outside classrooms to share student
made media, documentaries and animations with students waiting between classes.

It was not an explicit design outcome to support the kinds of social science making that we had begun to observe
in our SAP projects (although the TV screens were added to support dissemination of these projects more widely).
In order to better uderts and whether the spaces were delivering on the design intention, we conducted a post-
occupancy evaluation of the spaces, comprising of 174 combined responses collected through surveys and
structured short interviews with students using the spaces and 67 observations of the learning spaces. The RLS
were very popular with students (over 80% of students said they used the spaces regularly) and were recognised
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as unique spaces for study that were a positive and welcoming site for learning. We observed that, despite the
fact that they could be used for the same single student study that represent the dominant pedagogy across the
School, they were often hacked by the students. Chairs were moved into circles or groups (Wilson, Roger, &
Ney, 2017). The whiteboards were always filled with equations, problem solving diagrams or allocations of group
work. Some students wanted to use more of these collaborative making tools but did know if they had
‘permission’ to do, as whiteboards were perceived as the tools of teachers. Equally some of the more complex
technological tools for collaboration (such as interactive whiteboards) needed both permission and explicit
instructions on how to use them. It was interesting to note that whilst we ran several instruction sessions for the
spaces, they were generally poorly attended. Our analysis indicated that students wanted a sense of ownership to
make in the space or to break it for their purposes and felt that because it was a teaching building that they did not
have that permission. The sense of public visibility that rose from having your making shared by leaving it on the
board, or allowing your documentary being shown to passing students or by leaving books or papers on the table,
or copies of their edited media on the desktop was perhaps a way of students stamping ownership on the spaces
in non-identifiable ways.

Whilst the occupancy levels of the spaces were extremely high (between 80-90% during peak traffic times), the
students were only observed in conversation in less than 15% of those times (which could also be a conformation
bias issue in that because they were being observed, they chose to ‘behave’). The behavioural aspects of the
dissonance of experience and usage was a critical insight for the design team. We wanted to try and support
collaborative practices outside of closed group study rooms and to signal permission that these spaces could be
used for those purposes using technology and furniture. Student however seemed bound by behavioural tropes
(such as being quiet in spaces) that had evolved through experience and mirroring the behaviours of others around
them. Even though this building was one of the most trafficked sites on campus with thousands of students
entering and exiting rooms on the hour, the students still engaged in quiet, contemplative refuge in these sites,
even when working together, sometimes resorting to whispered or more intimate engagement (hence the chairs
being moved together and the relatively low level of satisfaction with usability of the furniture that could not be
moved more closely together).

What was present in many of observations was that when making was happening it was discourse driven, learning
centred and initiated by the student. We did not tell them to start making, nor did the spaces give explicit
instruction to engage in making (in the main they happened later at night or after we had been there undertaking
observations). The students used the space to engage in the making practices that helped their learning. Making
in this context was both individual and collective. It was in part aligned with problem identification and with the
making of a solution. It left the design team with some significant further challenges for the next project. How
could the School overcome the dominant (almost expected) behaviours of learning in University owned spaces in
order to signal that collaboration and making is encouraged?
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Picture 2: Students engaging in making in the Rotunda Learning Spaces (shared via Instagram)

Experiment 2 - The Hive Studio

In 2016, the design team was asked to develop and design a technology rich space in an underutilised computer
room in a windowless basement. We approached the design process with a clear intention to develop a space
where making was more explicitly facilitated and actively encouraged. We also wanted to change the nature of
computer rooms spaces which from two previous projects where we had observed to be quiet spaces which could
generate tension and sometimes outright conflict between students who ‘camped’ at computers even when away
from the keyboard or who actively chastised other students who made noise. This is a common behavioural trope
in many quiet study spaces such as libraries (Bedwell & Banks, 2013; Regalado & Smale, 2015). The starting
point for this design was to provide more spaces for social science making and to encourage students to unlearn
the learned behaviours of studying in quiet and individual spaces. The end result was the Hive Studio, the School’s
first ‘loud’ computer room, where talking and sounds from media making and collaboration were encouraged and
not behaviourally frowned upon. Learning from the RLS, we actively signalled that talking and group work was
‘allowed’ in the space both using technology and putting the lounge and whiteboards in the centre of the room.

!

Picture 3 — The Hive Studio, showing collaborative screen sharing (left) and writable problem-solving
booth (right)

The space featured multiple ways of supporting social science making, from the capacity to make and edit media
on high-spec editing Macs, through to screen sharing in pods of computer (see Picture 3 — left). The space also
supported more physical ways of making through in the form of problem-solving booths inside and outside the
room. There were writable surfaces everywhere in the space, including behind the computers. Aesthetically, we
drew on the design of co-working spaces (lights, exposed industrial ceiling etc) to signal to students that this was
not a normal computer room. The colours of the furniture and room thematically linked the room and the kind of
activity we were foreshadowing by calling the space ‘The Hive Studio”. In the early post-occupancy observations,
we did not see evidence that the loud nature was being subverted, however as with the RLS the technology that
was introduced was underutilised, resulting from either a reticence to use it or a lack of understanding that it was
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there or how it was used. That permission to use the tools of making was less difficult to give around the writable
surfaces as the addition of magnetic marker holders seemed sufficient to enable students to use these tools. The
same could not be said for kit like the collaborative screens.

Conclusion — Navigating the Village

These experiments represent just two examples of nearly twenty spaces designed by the design team at the LSE
over the last four years that have challenged the dominant learning pedagogy of singular and individualised study,
aligned with a commensurate strategic approach to assessment diversification across the School. These
experiments in the design and delivery of learning spaces were deliberately open in how they defined making, but
more prescriptive in their intention to shifts the ways in which students studied on the campus. Most of the
experiences described in the literature on makerspaces in universities argued that these spaces centralised and
located making with technology or tool rich environments. Putting the makerspace in the library can signal to
students that making is an intrinsic part of the study process, located exclusive of the discipline specificity of
classrooms and department spaces (Moorefield-Lang, 2014; Shapiro, 2016).

One of the key insights that emerged from the RLS project was that students occupied a suite of spaces in and
around the School for different study, social and learning practices, some of which were physical and others of
which hybridised physical and virtual spaces (such as the use of the Virtual Learning Environment or social
media). The RLS and Hive Studio spaces were part of their journey in and around the campus, stopping at different
sites for convenience, for purpose, for availability or for habitual reasons. During the RLS interviews we were
able to map these spaces across an undefined study period for the students who participated. Picture 4 shows how
one student mapped this village approach to their use of spaces, which shows how they travelled between their
home, their commute, and into their time spent on or around the campus. These village maps showed that students,
when faced with critical assessment, study or even learning challenges, developed strategic and pragmatic
approaches to how they responded to those challenges. They used technology to bridge gaps in both access and
capability, they identified conditions and environments within spaces to support a range of activities and most
critically, the taught themselves how to engage in learning through making. What was also apparent in that
students did more than do their University work in these spaces. They socialised, they maintained their networks
and connections and they engaged in reading and watching behaviours not related to being a student at the LSE.
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Picture 4: Mapping learning spaces across the School (Wilson et al., 2017)

ASCILITE 2019 Singapore University of Social Sciences 56



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

Technology (and specifically their own technology such as mobile devices, laptops and social media accounts and
platforms) were critical navigators and enablers of learning within their own self-styled village, bringing making
and connections into virtual and physical spaces alike. One student described how she navigated her learning
journey (which touched on some of the aspects of social science making) using technology:

For my studies I use my smartphone. For the majority of it it’s my laptop. I look at readings
on my laptop. I take notes on my laptop. Sometimes side by side I’ll have the readings, the
pages I’'m taking notes on concurrently so I can switch back and forth very easily. If | want
supplemental information, | can very easily Google up certain things | might have questions
about or articles | might immediately relate to any theoretical concepts that | am studying or
practical studies that I’'m looking at the supporter, or how to degrade it. | also use Facebook
when | see a particularly interesting concept that either makes me mad, is quite controversial
or | really agree with or something that I'm trying to puzzle out. So, | will reach out to social
media and ask my friends, okay what do you think about this? Do you agree with this? Where
do you think this might be wrong or where do you think it’s strengths are or how controversial
the statements are, how they are wrong in all the wrong ways

(Student from the LSE2020 project (cited in Liote & Axe, 2016)

The disaggregation of learning across many spaces located in the bounds of the village of one challenges some of
the notions of the importance of developing a sticky campus where students stay within the borders of the
University to generate a vibe and buzz of a busy, humming common. But as student humbers continue to grow,
density of site usage increases and timetables are spread more widely across longer hours in a week, the span of
the village spreads further and further. Social science making does not have to happen in a makerspace or a study
room. It can happen on social media, with files shared through the cloud, facilitated using web conferencing and
messaging apps. For the modern University the challenge of maintaining and improving both the technological
infrastructure as well as the expensive physical spaces demanded by students is a prescient and strategic one. For
the LSE, they have addressed this challenge head-on by locating making (students as creators and producers) at
the centre of their LSE Education for Global Impact approach (Fung, 2018). These activities have now been
located in the heart of the campus in the Centre Buildings project, which have embraced a learning commons
approach built on the insights that came from the RLS and the Hive Studio, which The Guardian in their review
of the building described as “...it’s a sort of studious and cleaned-up Naples, a unique multi-storey fusion of civic
and academic space. It’s a hive, an anthill, a rookery... insert your zoological metaphor here’ (Moore, 2019).
These changes in part recognise that social science making is a complex part of teaching and learning at the School
that represents both the studious and busy nature of the work, but also that like a Hive some of the work happens
outside of the space, which can eventually be the hub that brings all the activity and making together in one
shareable and visible location.
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Researching web-based lecture technologies in higher education is a complex undertaking
(Morris, Swinnerton, & Coop, 2019), making experimental trials and summative evaluations
impractical. The implications of existing literature in this area are therefore uncertain (Kay,
2012; O’Callaghan, Neumann, Jones, & Creed, 2017). In this paper we report on the use of an
alternative research design, realistic evaluation (King, Dawson, Rothberg, & Batmaz, 2017;
Pawson and Tilley, 1997), to gain insight into the impact of a university lecture live-streaming
initiative. The initiative provided synchronous and asynchronous access to video of 129 weekly
lectures using two different platforms. Surveys of 306 students and 49 staff, a focus group of
five students, and an exploratory study of trace data of 359 students indicated that student
access to the videos was lower and more idiosyncratic than expected. The ability to identify
useful content, appropriate instructional methods, and participation by peers were reported to
encourage students to become involved. Our results confirm the importance of specific
contexts and forms of behaviour in encouraging beneficial lecture video use. We also show
time of initial view to be a promising way to study students’ strategies for using lecture video
content.

Keywords: realistic evaluation, learning analytics, web-based lecture technologies

Introduction

Realist evaluation, as described by Pawson and Tilley (1997), adopts the critical realist paradigm (Carlsson, 2012)
to propose a theory-based model for evaluating social initiatives or programmes. ‘Theory’ is defined by Pawson
and Tilley as a set of beliefs about the conditions and processes/mechanisms likely to produce a regular observable
effect; they argue that theories underlie the design of all social initiatives and can be tested and refined through
evaluation. Rather than aiming to establish generalisable post-hoc causal explanations, realist research designs in
evaluation studies seek to engage and inform policymakers by identifying how, why and for whom initiatives bring
about change. Realist evaluation as an approach was quickly embraced by researchers working in fields such as
health and medical education (Ogrinc & Bataldan, 2009; Marchal, van Belle, van Olmen, Hoeree, & Kegels, 2012;
Hewitt, Sims, & Harris, 2013). More recently, the use of realist evaluation has also been advocated for educational
technology research (Sorinola, Thistlethwaite, Davies, & Peile, 2015; Stohr & Adawi, 2018; McFaul & Fitzgerald,
2019) because of its potential to address the practical complexities of educational ecosystems (Ellis & Goodyear,
2019). Using this approach, our goal here is to show that effective, impactful evaluation of complex activity is not
only achievable but well within reach for educational technology programme teams, as long as specific behaviours
and specific contexts are placed at the heart of the enterprise.

In our study, a realist evaluation approach was adopted to establish how and in what circumstances a lecture live-
streaming initiative at a large, research-intensive Australian higher education institution, Monash University,
brought about beneficial changes. The research team included staff responsible for designing and implementing
lecture live-streaming; only the first phase of evaluation is reported. The study was motivated by a desire to
explore the efficacy of realist evaluation in the context of a complex educational technology initiative. Realist
evaluation uses diverse methods to explore the specific social conditions and forms of behaviour that are
associated with the success of a particular initiative; it seeks to improve specificity of understanding and ability
to predict outcomes across multiple studies. Accordingly, both in conducting the research and for the purposes of
reporting our findings in this paper, the research team followed the cycle of activity described in Pawson and
Tilley (1997, chapter 4): investigate the initial design or “specification” of the initiative; generate theories and
hypotheses; design and conduct observations; refine theories and discuss implications.
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The rationale for our chosen approach has two key elements. Firstly, there is a need to improve the evaluations
that are currently undertaken of educational technology initiatives in higher education (Nordmann, Calder, Bishop,
Irwin, & Comber, 2018). The need is discussed at length in Selwyn (2014) and King, Dawson, Rothberg, &
Batmaz (2016). Whilst there is already a substantial body of literature relating to web-based lecture technologies
(WBLT), its conclusions are mixed and their implications are uncertain (Kay, 2012; O’Callaghan, Neumann,
Jones, & Creed, 2017). We do not necessarily agree with the conclusion of Nordmann and colleagues that this is
a situation best remedied through further empirical work, coupled with rigorous meta-evaluation or further
research synthesis. Instead, we suggest that members of the research team and our equivalents in other institutes
are faced with a classic evaluator’s dilemma: a plethora of evidence and apparently conflicting findings on one
hand, and a pressing need to measure the value of initiatives on the other (Pawson & Tilley, 1997). Data collection
about WBLT is a highly complex undertaking (Morris, Swinnerton, & Coop, 2019) and institutional and practical
constraints restrict the feasibility of experimental trials and full-scale summative and/or independent evaluations
(O’Callaghan et al., 2017). In this context, we consider that more research by itself may not help; it could even
intensify the difficulty. What is most likely to be required in our view is a re-think of educational technology
evaluation and its relationship to research. Our study is intended as a contribution towards that goal.

Secondly, there is an often-stated view that theory has not kept pace with the use of educational technology (King,
Dawson, Rothberg, & Batmaz, 2017; Morris et al., 2019). One possible reason for this is that educational change
involves interdependent changes in behaviour (student and staff), in curricula and in technical systems, motivated
by the beliefs and values that prevail in a particular educational community (Fullan, 2016). Fullan’s work suggests
that theories of technology are unlikely by themselves to offer a worthwhile explanation as to what is happening
in universities.

We therefore concur with Whitworth’s (2012) call for frameworks of evaluation that permit attention to the
political and institutional context of educational technology initiatives. The approach of realist evaluation provides
one such framework, offering a promising alternative model for integrating research within the development and
evaluation of technology initiatives that is grounded in critical realism.

We begin by considering the findings of King et al. (2017), as this research team also adopted a realist evaluation
approach in a recent and comparable study of a lecture video initiative at a research-intensive university in the
United Kingdom. Modelling their work closely on Pawson and Tilley (1997), King et al. concentrated on
explaining observed regularities in the use of lecture video via theory development. The authors use the term
“theory” in the same way as Pawson and Tilley to mean “propositions about how mechanisms are fired in contexts
to produce outcomes” (1997, Chapter 4) refined in a cyclical way via data collection and analysis over multiple
studies. In other words, they attempted to develop ideas about the use of lecture video and the technical
performance of the video platform, so as to reliably explain — and therefore ultimately predict — video access
patterns, as well as informing future research.

We summarise the theories resulting from the work of King et al. (2017) as follows:

i Students are encouraged to utilise video capture of scheduled teaching when this opportunity appears
aligned to their study objectives and personal preferences for learning, and also when the video is
accessible and of acceptable quality.

ii. In departments where the use of video capture of scheduled teaching is embedded, students become
familiar with its use, although this familiarity can lead to disillusionment or avoidance if students do not
acquire the skills to use video effectively or regard its use as an unsuitable vehicle for learning.

iii. In units where video capture of scheduled teaching has been relatively successful, staff report that they
are encouraged to use the technology by student demand and for equity reasons.

We accept, though not entirely without reservation, the use of lecture video access patterns by King et al. (2017)
as a proxy for the “outcomes” of a lecture video initiative. However, Pawson and Tilley (1997) stipulate that an
empirically observed pattern will be affected by specific forms of behaviour in specific contexts. We therefore
sought to develop a realist research design for lecture video that considers when and how, as opposed to simply
how often, video is accessed. Critically, the initiative that is the basis of research reported in this paper provided
students with the opportunity for synchronous (live-stream) access to lecture video alongside the more familiar
offering of recorded lectures. Consequently, the full range of possible access times could be investigated. We
believe ours is the first use of a context-sensitive realist design in the study of web-based lecture technologies
(WBLT). Our research therefore constitutes a distinctive contribution to the emerging literature on realist
approaches to the study of higher education technology initiatives.
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Initial investigations: live-streaming at Monash University

Up to and including 2017, video capture of scheduled teaching activities was made available to students in some
Monash University units at the request of the academic or the department. From time to time, individual disciplines
also made class video capture footage available synchronously in order to experiment with the potential offered
by live-streaming.

A major initiative known as Monash LIVE commenced at the start of 2018. This involved the creation of a
scheduling option for students to attend lectures via live-streaming in units with a relatively high number of
students enrolled. Ninety-one units (76 undergraduate and 15 postgraduate units) provided a scheduled live-
streaming option to students as part of the LIVE initiative during the first major teaching period of that year. 129
average weekly scheduled teaching activities were live-streamed, representing 3.66% of the total number of
lectures on Monash’s Australian campuses. Two different video platforms were made available, described here
as platform A and platform B; 14 lecture rooms were upgraded with new audio-visual equipment to support lecture
live-streaming. At the same time, a separate project was undertaken to clarify and update the nomenclature,
timetable codes and definitions used to describe scheduled teaching activities.

The research team searched in papers from the initiative steering committee, scheduling data (in 2017, 2018 and
2019) and information provided to students and staff, comparing the specification of Monash LIVE with that of
the initiative described in King et al. (2017). Both initiatives used policy change and student demand to introduce
WBLT across the institution, formalising and standardising existing localised practices. While the other initiative
expected that students would learn more effectively from lectures when recordings were made available for review
and revision, Monash LIVE anticipated that pressure on lecture venues would be reduced when the possibility
was created for students to attend and participate in lectures synchronously online. Both initiatives expected
widespread take-up by students; in the case of Monash LIVE there was an additional expectation that students
and staff would quickly become familiar with interacting using text questions and comments during the time
period scheduled for the lecture.

Further to the theories about lecture video use identified by King et al. (2017), we identified two additional initial
theories specifically associated with Monash LIVE. These were:

iv. Students and staff quickly become accustomed to large-cohort interactive synchronous whole-class
teaching that spans in-person and remote attendance.

V. The presence of a member of staff with the role of ‘moderator’, working alongside the lecturer to monitor
and respond to text questions and comments from live-streaming students, mitigates the practical
challenges of online interaction.

We proceeded to develop a research design that would allow us to refine both sets of theories and to better
understand the explanatory potential of context-sensitive data within the overall framework of a realist approach.

Designing and conducting observations of Monash LIVE

Our research relates only to the first phase of the Monash LIVE initiative in the first main teaching period of 2018.
Because there is little consensus and considerable fragmentation in existing WBLT literature (see above), we
chose not to develop lines of enquiry for the study through a literature review. Some theory has been established,
but not, so far, informed by observations in specific contexts. In a theory-poor environment, Pawson and Tilley’s
matrix of realist designs (1997, chapter 4, table 4.1) recommends the use of exploratory strategies, typically those
involving concurrent quantitative and qualitative data collection. For this reason, we used multiple methods to
gather and compare data about the specific contexts and uses of WBLT in the Monash LIVE initiative. We
surveyed 306 students and 49 staff, held a focus group (n = 5), and carried out a pilot study of trace data of video
usage by 359 students in one first year unit. Next, we compared the results with those in the existing literature in
order to refine theories i. - v. Our study concluded with a review of major findings and their implications, reflection
on the efficacy of the approach taken, and consideration of next steps.

Two research questions informed these activities:
a) What insights can a context-sensitive realist evaluation methodology provide, through improved theory, that

might support better programme design and/or institutional practice in a WBLT initiative based on live-
streaming?
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b) What can the findings of a) suggest about the benefits and limitations of realist evaluation as a means of
assessing the impact of educational technology initiatives?

We invited all students in the 91 LIVE units, including those not enrolled in the live-streaming lecture option, to
complete a survey. Student survey items were adapted from those reported in Richardson, Dunn, McDonald, and
Oprescu (2014). Three underlying constructs were identified: overall opinion of the initiative, benefits to learning,
and technical usability. The development of the student survey is reported in detail in Bryant, Francis, Ryan,
Wood, and Zhang (2019).

A total of 596 students responded, of whom 306 provided complete responses. The scale was a seven-point Likert
scale where 1 = “strongly disagree” and 7 = “strongly agree”. Respondents typically held a positive overall view
of live-streaming (M = 5.48, SD = 1.44 for the “overall opinion” construct), regarded the benefit to learning as
moderate (M = 4.21, SD = 1.45) and reported a positive overall view of usability (M = 5.01, SD = 1.26).
Respondents who provided an email address were invited to attend a focus group to further explore the survey
questions. A transcript of the focus group and free-text comments from the staff survey were coded by two
members of the team independently and an aggregated set of codes produced, with the aim of representing all
sentiments related to the three constructs measured in the survey.

There were 50 complete responses to the staff survey, adapted from the survey reported in Buchanan, Sainter, and
Saunders (2013). The scale was an five-point Likert scale where 1 = “strongly disagree” and 5 = “strongly agree”.
One response related to a previous teaching period and was removed. The overall perception of live-streaming
was, on average, neutral: M = 3.00, SD = 1.26 for the item “Overall I was satisfied with the experience of using
live streaming software”. Most respondents utilised the open comment fields. Accordingly, and because of the
small sample size, we analysed free-text rather than numerical responses.

Students in the focus group indicated that when they were able to identify video that was likely to be valuable for
the purpose of study and view that content in a setting that promoted concentration, they placed a high value on
the use of the platforms for learning. For example, a student reported intentionally leaving campus so as to be able
to view part of a lecture in a quiet location. We suggest that this sentiment may explain the typically high opinion
of the initiative reported by respondents to the student survey. Staff indicated that where live-streaming was
valued, this was either on equity grounds (to provide a degree of access to those students unable to attend in
person, as suggested by King et al., 2017 in theory c.) or because it could support the goals of a specific unit or
stage of the course.

One factor mitigating against the perceived benefit to learning for students was the absence of live video of the
lecturer, reducing the ability to pick up non-verbal cues such as gestures or use of the pointer. Where internet,
software or hardware problems restricted access, this also affected perceived educational value. No students in
the focus group and few students in the survey (M = 2.31 for the relevant item) identified their own skill level or
difficulty with using the platform as a barrier. Factors that staff reported as reducing the perceived value of the
initiative were scepticism about its aims, insufficient training and support, and insufficient time to prepare. The
complexity of using live-streaming as part of large-class lecturing was also reported by some staff as having
reduced its effectiveness.

Both student and staff respondents reported that synchronous access and participation had depended heavily for
their usefulness on the instructional methods employed and students’ responses to them. Students identified
instructional choices they saw as tokenistic and low engagement from peers as factors likely to discourage
synchronous participation. Staff stated that the level of student engagement in live-streaming, which some
believed had increased the likelihood of absence, was low and insufficient to justify the time required to implement
the initiative within their unit. Latency (time delay) — built in to the platform and/or the result of buffering — was
identified in the staff free-text comments as an inhibitor of synchronous platform use. The use of moderators was
reported as inconsistent. A total of 20 of the 49 respondents to the staff survey stated either that no moderator was
assigned, or that the moderator did not have an active role because of low synchronous engagement by students.

The intention had been that synchronous use of platform A would be the norm, with students and staff moving to
platform B only in the event of technical problems. This was not what occurred in practice. Some scheduled
teaching activities occurred in venues where only platform B was available. Also, students in the focus group
reported idiosyncratic patterns of technology access, with personal schedules, preference and experience of
platform performance all playing a role in influencing when content was accessed and how.

Time of access was investigated further in a small-scale exploratory study of a single unit using trace data from

platform A. This unit, a first year psychology unit with two weekly lectures (25 videos in total), was chosen
because the lecture videos, comprising introductory overviews of a range of topics such as developmental and
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biological psychology, were formally and stylistically similar. We analysed students’ first views (the time when
the first view of each video occurred in relation to the time of the lecture). 996 students enrolled in the unit before
semester, with 243 and 95 respectively selecting the live-stream option for the two lectures. 359 students (36.04%)
viewed video content. We classified first views as to whether they occurred at the time of the lecture; within one
day; within one week; within two weeks; or more than two weeks later. The data were then subject to latent class
analysis for the purpose of exploring strategies enacted by students when using live-streaming systems; a three
class solution was selected as the candidate model. The composition of the three classes was: 302 students in class
1 (84.12%), 11 students in class 2 (3.06%), and 46 students in class 3 (12.81%).

Table 1. Descriptive Statistics for the Three Class Solution

Live Within 1 Day Within 1 Week Within Two Greater than

Class | Streaming Weeks Two Weeks
M SD M SD M SD M SD M SD

1 g7 | .90 A5 37 .58 .79 .09 .29 10 40

2 6.55 | 2.11 .36 .67 73 1.19 18 41 27 .65

3 20 | .54 .89 .99 3.26 2.13 1.33 1.25 1.65 241

Table 1 provides the mean and standard deviation values for each of the five variables created from the trace data
(time of the lecture; within one day; within one week; within two weeks; or more than two weeks later) across the
three identified classes. For example, Class 1 demonstrated limited engagement with the recorded lecture videos
based on mean values (e.g., .77 views, on average, for initially live streaming a lecture). Initial viewing behaviour
for Class 2, on average, appeared to consist of live-streaming (M = 6.55), whilst all other viewing behaviour
occurred less frequently (e.g., M = .18 for within two weeks). Class 3’s initial viewing behaviour, based on the
presented mean values, generally took place within one week (M = 3.26) or more of the lecture being recorded
(M =1.33 and 1.65 for within two weeks and greater than two weeks, respectively).

This study of trace data supported our emerging understanding that, in contrast to the intention of the Monash
LIVE initiative, students’ first views of video content were often not synchronous. Instead, we found support for
distinct patterns of use. Only a small minority of students, the smallest class (Class 2) followed the guidance
provided by Monash LIVE in that their typical first view was under live-streaming conditions. A larger group
(Class 3) had first-view behaviour that could be characterised as ‘strategic’, being one day or more after the time
of the lecture on average. We also showed that students made only moderate overall use of the video content
available to them in this unit, with mean first views of videos being below 7 in each time category for each of the
three latent classes. It should be remembered that our trace data study investigated first views, not duration of
view or number of repeat viewings, and only within a single unit and platform.

Theoretical development and comparison with existing literature

We refined the initial theories as follows:

Vi. Students quickly become accustomed to a new model of incorporating video content into their units.
vii. Students are more likely to access video content when it is clearly identifiable as useful for study. In this
situation, they will typically seek out an optimal time and physical location to view the content.

viii. Specific instructional methods and the perceived engagement of peers are factors that, in combination,

encourage students to participate synchronously.
iX. Perceived high student engagement in live-streaming, equity of access, course and/or unit alignment, and
low latency are important factors in encouraging staff to utilise the technology.

Theories vi. - ix. offer several clarifications and improvements to the theory taken from the earlier study of King
etal. (2017). The earlier theories i. and ii. proposed that students tend rapidly to develop a superficial acquaintance
with WBLT as part of their technical and social environment — as something ‘ready-at-hand’ — without either fully
understanding or accepting their educational purpose in the context of their degree course, sometimes in turn
leading to disaffection. Our results indeed indicate low to moderate student use of WBLT based on staff perception
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as shown in the free-text survey data, and moderate use in one specific context as indicated in the trace data pilot
study. However, we found no evidence that the absence of widespread, wholehearted student access to lecture
video at the time of the lecture or subsequently was caused by a general phenomenon of alienation or
disillusionment with the technology. Instead, the results both of the student focus group and the staff survey
support the team’s initial expectation that student motivation to access video is closely associated with specific
contexts and forms of behaviour ‘in-play’ at the time of access. The trace data demonstrates that student first-view
behaviours in the selected unit followed several distinct patterns. Theories vi., vii. and viii. reflect these findings,
while theory ix. develops the earlier theory iii. about factors influencing staff to use WBLT.

We next investigated whether findings from the extensive broader literature on WBLT could assist with theory
development. Several previous studies that utilise system data have found WBLT use by students to be lower than
expected. King et al. (2017) found that individual videos were watched by 14% of the student cohort on average
across the institution; at unit level, Edwards and Clinton (2019) and Elliott and Neal (2016) both report that a
minority of the total number of students enrolled viewed lecture video content when very short views are removed
from the data. By contrast, Morris et al. (2019) reported that the proportion of students across the whole institute
viewing WBLT at least once reached 81% at the end of a four-year period. Although we did not regard these
results as theory-refining in themselves, we noted that our finding of moderate video access by students was a
common theme in the literature.

Many previous studies also show that students attribute a high overall value to WBLT, although few specifically
consider synchronous access (Chapin, 2018). Self-reported student perceptions of the educational value of WBLT
in previous studies strongly support the indication in our results that students see these technologies as providing
different affordances to those of in-person lecture attendance. For example, students have reported that they value
being able to pause and skip backwards to interrogate complex concepts as well as skipping forward to access
specific content strategically (Chapin, 2018; Cilesiz, 2015; Karnad, 2013; Nordmann, 2018; O’Callaghan et al.,
2017). Dommett, Gardner, and van Tilburg (2019) found that WBLT access reduced anxiety for the students in
their study; a reduction in stress and efficient use of study time is also proposed by Danielson, Preast, Bender, and
Hassall (2014) as the most plausible explanation for the positive relationship between number of views and
standardized test scores in the lecture-based units they studied. The interviews reported in Cilesiz (2015) indicate
that students may progressively become acculturated into the use of WBLT for study. We found these studies to
be of significant explanatory value in relation to our theoretical framework; we reflect on their importance in the
section below.

We believe that ours is the first study to consider time of first access as a possible indicator of different student
behaviour patterns. However, there is other existing evidence that student use of WBLT is variable across the
student cohort (Bos, Groeneveld, van Bruggen, & Brand-Gruwel, 2016; Edwards & Clinton, 2019; Leadbeater,
Shuttleworth, Couperthwaite, & Nightingale, 2013; Williams, Birch, & Hancock, 2012). Brooks, Erickson, Greer,
and Gutwin (2014) found evidence at individual unit level of accesses by different groups of students across
different weeks in a teaching period. Danielson et al. (2014) and Nordmann et al. (2018) both found that student
access within a department varied by the type of unit, although neither study separates instructional method from
unit design. Owston, Lupshenyuk, and Wideman (2011) concluded — based on self-reported use and unit marks —
that lower achieving students were more likely to be helped by WBLT, although it seems equally plausible that
students who failed to make effective use of the videos may have earned lower marks.

Staff reservations about the introduction of WBLT are reported in Dona, Gregory, and Pechenkina (2017), Freed,
Bertram, and McLaughlin (2014), Morris et al. (2019), and Taplin, Kerr, and Brown, (2014). However, very little
attention has been paid in existing literature to the goals of staff in using the technologies or staff alignment with
higher level institutional strategic aims related to their use. This gap is addressed by the theories we present above.

Few previous studies have explored patterns of viewing behaviour by students in detail using system data — for

example, by considering which elements of the video were viewed and what type of action (e.g. rewind or skip
forward) led to the view. This remains a gap in the literature and an area for further investigation.

Discussion and implications
In relation to our research questions:
a) What insights can a context-sensitive realist evaluation methodology provide, through improved theory, that

might support better programme design and/or institutional practice in a WBLT initiative based on live-
streaming?
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The evaluation of the first phase of the Monash LIVE initiative allowed us significantly and usefully to refine
theories presented by King and colleagues (2017). Although the students we surveyed attributed a high value to
live-streaming overall, our focus group found evidence that students do not think about WBLT in the same way
as they think about in-person lecture attendance. Instead, value was placed on the ability to identify relevant
content and view this in a setting that promoted learning, using the specific affordances of video. Worthwhile
synchronous access to and participation in WBLT were associated by students with a combination of appropriate
instructional methods and a high level of engagement amongst peers. Our pilot study of trace data supported the
findings of the student focus group and confirmed that multiple distinct patterns of first view prevailed in the unit
studied, which was a first year introductory science unit. We hypothesise that within a particular initiative, patterns
in viewing behaviour are likely to vary according to the design of a unit, the instructional methods adopted and
students’ existing acculturation into the use of video, and recommend these as areas for future research in the
realist paradigm. For staff, student engagement, equity of student access, alignment with course and/or unit aims
and low-latency video were reported as encouraging (and their absence inhibiting) efforts to use the technologies
synchronously.

Our research design employed a student focus group, qualitative analysis of staff survey responses and study of
trace data within a single unit to improve understanding of the specific conditions for students’ successful use of
video. These methodological choices permitted details of the time of first view, physical location, instructional
conditions and video type to be considered as part of theory formation, in a way that would not have been possible
had the team relied on aggregated survey data and/or video accesses. Time of initial view was shown to be a
promising way to investigate students’ strategies for using WBLT. Overall, although there are strong indications
in our evaluation that the intention of the initiative for large-scale synchronous engagement was not enacted in
practice, our results confirm the importance of specific contexts and forms of behaviour in encouraging beneficial
lecture video use.

In the light of these insights, we intend to refine the design of the initiative in various ways. Using the outcomes
of a separate project to clarify timetable codes and definitions for different scheduled activity types, the team plans
to change the guidance to staff to clarify why, under what circumstances and in which venues live-streaming is
made available to students. A series of hardware and software improvements will be undertaken to minimise
latency and in-venue technical difficulty. In-venue visual indicators where there is no video stream or the
microphone is muted, and the option for academic teams to provide live video of the lecturer, will be provided.
Staff will be surveyed at the beginning of the teaching period so that they are able to self-identify a requirement
for more training or technical support.

In the next stage of the evaluation, we plan to test and improve theory vii. above by identifying contexts through,
and mechanisms by which, students are able to identify video content as potentially valuable for study, and use
this information to inform unit design. Our intention is also to investigate contexts in which synchronous
engagement is moderate or high and those in which it is less so, exploring specific instructional methods that may
encourage students to take part in real-time so as to further refine theories vii. and ix. Finally, we plan to continue
to investigate the different strategies adopted by students when using WBLT, expanding our study of trace data
across both platforms and refining our survey using items from Danielson et al. (2014).

b) What can the findings of a) suggest about the benefits and limitations of realist evaluation as a means of
assessing the impact of educational technology initiatives?

We believe the use of realist evaluation has provided us with three key advantages in carrying out the research
reported in this paper. Firstly, our chosen design sought to understand the beliefs that had informed the design of
this specific initiative, find out to what extent they were justified, and propose refinements or alternatives. There
was no intention to establish the general benefits of lecture live-streaming in higher education or to compare live-
streaming as an innovation with existing practices of in-person lecture attendance. We were thus able to avoid
formidable theoretical and methodological challenges that we expect would be associated with these alternative
research approaches. Secondly, this type of design encouraged us to concentrate on specific conditions in which
WABLT were used and how these might compare with those of previously reported studies. We were therefore able
to add to the research reported in King et al. (2017), for example by exploring a context that involved synchronous
use of WBLT. Thirdly, unlike experimental designs, the realist model was feasible within the practical constraints
governing Monash LIVE. Rarely, in our experience, is there time at the start of such initiatives to develop an
approach to evaluation or to carry out a review of literature that might otherwise usefully inform practice.
Although we would reserve judgement for future phases of our work, on our current indications we believe this
type of research design may have much to offer to research teams working in similar settings, allowing them to
get ‘to the heart’ of diverse technologies within the resources available to them.
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One possible limitation on the evidence to date is the extent to which a realist evaluation research design is able
to provide a satisfactory account of the experiences of people whose lives are affected by a social initiative. We
avoided some of the language associated with realist accounts of the use of technology by individuals, finding it
reductive and hard to apply. For example, was the focus group student’s choice to leave campus to watch a lecture
an example of a “mechanism” or a “context”? Studying “what works” also carries with it a theoretical difficulty
of its own. As shown by Biesta (2007), the questions need to be asked: works for whom, and works to do what?
Difficulties associated with these questions arose in our research. At times there was a need more clearly to
distinguish the benefits of the technology for an individual from the accomplishment of the goals of the
programme or the institution, and more fully to investigate different possible ways in which the technology might
“work for” or assist learning. Finally, the methodological pluralism of realist designs as described by Pawson and
Tilley (2007) carries with it some risk of a lack of rigour. For instance, selection bias may have influenced the
results of our surveys, as some staff and students chose not to respond. Had we concentrated exclusively on
surveys, we may have found ways to reduce this possibility. We recommend that future research with a similar
design takes all three potential limitations into account.
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To foster students’ learning of critical-thinking skills, we incorporated ill-structured problems
in a Human Diseases module for third-year Life Sciences students. Using a problem-solving
rubric and working in groups of three, students attempted to solve problems presented to them.
We mediated their discussions by asynchronous online discussion forums (AODFs) as part of
mass customisation of learning for 40 students where personalised learning was constrained
by structure of the module. We examined the quality of students’ discussion, focusing on the
feedback group members provided to one another, using an interpreted Structure of Observed
Learning Outcomes (SOLO) taxonomy to code students’ feedback. Our analysis indicated that
the students were able to provide uni-structural and multi-structural level in relation to solving
an ill-structured problem, even though they are not used to solving ill-structured problems.
This indicated that in a mid-size class, while personalised-learning is not always easy, it is
possible to mass customise learning for students using common ill-structured problems in a
class by mediating problem-solving using student discussions as feedback. However, more can
be done to scaffold peer feedback on solving ill-structured problems so that the level of
collaborative-learning can be improved in a mass customised model that approaches
personalised learning.

Keywords: ill-structured problems; asynchronous online discussion forum; feedback; mass
customisation.

Introduction

Real-world problems are often ill-structured problems that have ambiguous information and no standard solutions
(Jonassen, 1997). University students, therefore, need opportunities to develop problem-solving skills, apply
content knowledge in a rational and relevant manner to solve real-world problems. After graduation, they would
be equipped with relevant problem-solving skills that would enable them to contribute productively to society.

However, intentional design of ill-structured problems is not a routine part of curriculum design. In addition,
unlike experts, novices such as undergraduates generally do not possess the skills to apply domain-general
problem-solving strategies in relation to domain-specific knowledge to solve these problems (Glaser, 1995).
Students who are novices at solving such problems can benefit from having a framework (Jonassen, 1997) and
support to help them develop problem-solving skills.

In our third-year Molecular Basis of Human Diseases module at NUS, we designed ill-structured problems based
on Jonassen’s framework (Jonassen, 1997) to provide opportunities for students to learn ill-structured problem-
solving skills. The framework describes iterative steps to approach an open-ended problem, beginning with the
definition of a problem scope, examining possible solutions based on the evidence available, consider alternative
solutions and testing out the solution. Based on previous studies, asynchronous online discussion forums (AODFs)
have been found to be effective for students learning in a collaborative manner (Hrastinski, 2009). Accordingly,
we organised our students into groups of three to work collaboratively on ill-structured problems at AODFs.

The use of ill-structured problems that are open-ended can form the basis of mass customisation (Schuwer &
Kusters, 2014) as an approximation of personalised learning in our curriculum design, where the ill-structured
problems posed can be common problems all students have to solve. However, given the open-structure of the
problems, there are potentially different solutions. Instructors can leverage peer discussions within groups of
students as a means of mass customised learning among students providing feedback to one another. In our
conceptualisation of mass customisation, we envisioned that as the discussions among different groups are
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different, the responses from students among the same group would be focused on group-specific issues and points
raised, and hence, provide a customised learning experience for students within each group. In this exploratory
study, our research questions in this study revolved around whether students were able to provide feedback to
group mates while trying to solve an ill-structured problem collaboratively and if so, what the quality of the
feedback was.

Theoretical framework

Problems designed for students to support learning can range from the well-structured ones that mostly test defined
concepts within a fixed scenario and a prescribed, perfect solution, to less-structured ones that rely on a range of
domain knowledge, have elements of uncertainty about the information available with regard to the problem and
have multiple solutions (Jonassen, 2011). Ill-structured problems reflect the characteristics of real scientific issues
that scientists deal with in their authentic research work (Aikenhead, 1996; Schwab, 1960) and hence potentially
can provide students the opportunity to practise the use of content knowledge and critical-thinking skills within a
relevant context.

However, as students might not be equipped to solve open-ended problems, scaffolding needs to be provided.
Indeed, from a previous study, we noted that students in our module had difficulties defining the scope of ill-
structured problems among other difficulties (Yeong, 2015). Accordingly, we have included scaffolds in
subsequent semesters to help students solve ill-structured problems and noted some benefits (Yeong, Foo, & Tan,
2018). Scaffolding refers to appropriate assistance given to novices so that they could solve a problem which is
otherwise beyond their means (Wood, Bruner, & Ross, 1976). Previous studies revealed that scaffolds in the form
of question prompts could be useful for providing students with the cognitive and metacognitive knowledge that
are required to solve ill-structured problems (e.g., see Davis & Linn, 2000; Land, 2000). Of particular relevance
is the use of procedural facilitation scaffolds (Guzdial & Turns, 2000) that could help students formulate
contributions to the discussion, such as planning the steps of solving a problem. Our scaffolds included the use of
questions prompt and message labels on the steps of the ill-structured problem-solving framework (Jonassen,
2011).

Students could further gain from feedback that might help them move from their current state to the desired state
(Hattie & Timperley, 2007). In mid- to large-class sizes, prompt feedback provided by instructors might not
always be possible. Hence, in addition to merely providing summative feedback from the instructors, we leveraged
on group discussions as a form of close to immediate feedback students can receive from their peers. This draws
upon the social constructivist theory wherein the ill-structured problem helps create the zone of proximal
development (Vygotsky, 1980) and peers provide the scaffolding for student learning so students can develop
beyond their initial capabilities. Students as peers working cooperatively together might also have an influence
on one another, in terms of the standards expected as well as motivation (Topping, 2005). Moreover, peer as a
teacher helping others might have benefits for learning (Whitman, 1988).

As far as personalised learning where learning needs and preferences are tailored to the specific interests of
different learners (U.S. Department of Education, Office of Educational Technology, Washington D.C., 2010) is
concerned, it was not possible to cater to personalised learning within the constraints of a regular module in our
degree programme. Nonetheless, we subscribe to the idea that a continuum exists in the approaches towards
tailoring instructional design (Schuwer & Kusters, 2014). In our discussion forums where students attempt to
solve ill-structured problems, the open nature of the questions allowed for diverse approaches and solutions
(Jonassen, 2011). Other than scaffold and instructor’s feedback, comments from groupmates served as immediate
feedback for peer learning that would be targeted in response to posts by students themselves. This was
conceptualised as the mass customisation of learning (Schuwer & Kusters, 2014).

In this paper, we examined students’ posts in AODFs, with a focus on the feedback that students provided for
their peers. In particular, we evaluated the quality of students’ feedback within a discussion group as a form of
mass customisation of learning, given that targeted comment provided by group members served as feedback for
members’ solutions to the problem and served as an approximation of personalised learning. In our exploratory
study described here, we used the SOLO taxonomy (Boulton-Lewis, 1995) to categorise the posts as a proxy for
the quality of students’ feedback to one another.

The SOLO taxonomy is organised in a hierarchical manner, where students might start at demonstrating little
knowledge or competence (pre-structural level) in the subject matter. As students develop, they learn to deal with
one relevant aspect (uni-structural level) and subsequently, several relevant aspects (multi-structural level) of the
topic. At the more advanced levels, students could demonstrate the ability to integrate different aspects of

ASCILITE 2019 Singapore University of Social Sciences 69



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

knowledge into a structure (relational) and even generalise their knowledge to a new domain (extended abstract).
The assumption we have made here for our analysis is that the better the ability of the student to provide feedback
at the more advanced SOLO levels, the better the quality of the feedback. This is based on evaluating whether the
students had been targeting the scope, information or solutions related to the problem posed, as they provided
feedback to one another. The feedback could, therefore, range from not connecting their comments to the problem
at-hand to extending their comments beyond links to the problem posed to a broader view.

Materials and Method
Module information and recruitment for the study

The elective module was on Molecular Basis of Human Diseases and spanned 13 weeks. The class was made up
of 45 undergraduates mostly in their third year of the Life sciences degree programme. An ill-structured problem
was incorporated in the end-of-semester summative assessment to assess if students were able to solve the problem
on an individual basis. Scaffolds such as question prompts (Ge & Land, 2003) or message labels (Cho & Jonassen,
2002) were used to help students work through two problem-solving assignments. These scaffolds were provided
together with the assignments.

One of the ill-structured problem posed was whether students would support the use of gene-editing technologies
in embryos. Students were allowed to discuss this topic without any constraints, with issues surrounding
techniques of gene editing, as well as ethical, and legal issues were all opened to them. The second problem posed
was whether students agreed that a putative tumour suppressor gene was tightly correlated with colon cancer, with
limited data set provided and students allowed to select relevant data to support their stand. Depending on the data
they selected, students could support or refute the assertion. For each of the problem, students had about 4 weeks
to discuss at the AODFs and submit an essay detailing their arguments. The two assignments were run
sequentially, with a gap of about four weeks between them.

Coding of students’ forum posts

After the semester, we used thematic analysis of students’ posts in the AODFs to evaluate students’ problem-
solving skills and approaches, focusing on the levels of feedback provided by groupmates to one another. At the
first level of coding, we used the ill-structured problem-solving framework (Jonassen, 2011) to categorise
students’ posts into (1) scoping the problem, (2) providing or consolidating relevant information (3) proposing
solution and (4) counter-proposing solution (Yeong et al., 2018). Within these steps for solving an ill-structured
problem, we also examined feedback among groupmates to understand better about how peers could provide
timely and targeted responses to one another’s posts. The use of Jonassen’s framework was to examine if the
learning outcome of solving ill-structured problems was achieved by our students using such an instructional
design. As alluded to above, such a problem-solving skill is necessary for our Life Sciences students who might
face open-ended problems in their subsequent studies and careers.

We used the SOLO taxonomy (Boulton-Lewis, 1995) to categorise the posts as a proxy for the quality of posts.
The feedback fell into categories in the problem-solving steps adapted from (Jonassen, 2011) such as defining the
scope of the problem (referred to as “feedback scope”), information provided surrounding the problem (referred
to as “feedback information™) and solution to the problem (referred to as “feedback solution”). Feedback from
both assignments was coded for the SOLO taxonomy and descriptive statistics were generated for a summary of
the analyses. We used the SOLO taxonomy to further analyse the quality of students’ feedback as these could be
rather broad, given that the discussion forums took on different threads from one another. Nonetheless, given that
the SOLO taxonomy was based on a hierarchical structure, it provided us a means to focus on the domain
competency level of the students from the basic to bringing together different concepts. It also allowed us to
examine relevance of students’ feedback to the topics under discussion, and also their ability to go beyond
concepts and issues discussed in class to implications to the field or a broader societal impact.

Results and Discussion

Students’ posts that were categorised as feedback for other group members were coded using the SOLO taxonomy
to ascertain the quality of students’ comments to one another. We interpreted the SOLO taxonomy in the context
of solving an ill-structured problem as shown in Table 1. This allowed us to evaluate the quality of the feedback
in relation to how students approach the ill-structured problems. As the students were tasked to provide possible
solutions to the problems posed, whether students were able to provide targeted feedback to one another such as
directing their feedback to the problem-solving framework was an important criterion. In our observations, we
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noted that students’ feedback ranged from uni-structural to extended abstract as seen in the examples highlighted

in Table 1.

In our context, a feedback was judged to be pre-structural if the post failed to make connections directly to the
problems posed. These could be short sentences that did not contain information that enabled us to detect any
attempts by students to relate their feedback to the problems posed, indicating a limitation in the feedback in terms
of being constructive towards solving the problem (Table 1). This was to distinguish the feedback from others
that explicitly related at least one issue or topic to the problems.

At other levels of the SOLO taxonomy, the feedback by students demonstrated the ability to make explicit links
in their feedback to the ill-structured problem they had to solve. Depending on the number of relevant issues they
were able to make connections with, the feedback was classified as uni-structural (typically focussed on a narrow
aspect) or relational (more complex feedback with different ideas integrated together that were connected to the
problems). There were several examples of feedback that went beyond the problem and were coded as extended
abstract. These were those that alluded to more generalised issues that

Table 1: Interpreted SOLO taxonomy and samples of students’ AODF posts

could not relate to the
problem statement at all.
The students’ feedback
failed to connect to the
problem statement.

were typically characterised
by the general replies without
directly  addressing  the
problem question. There was
limited information provided
and no link to the problem
question.

SOLO taxonomy | Interpreted categories | Attributes of students’ | Examples of students’
Levels description feedback posts
Pre-structural At this level, students | Students forum responses | | think this article is really

similar to Article 1, which is
great | guess! Forum B3,
student #23

Uni-structural

At the uni-
structural level, one
aspect of the task was
highlighted by  the
student and the students’
understanding was
disconnected without
obvious connections to
the problem statement.
Here the students
feedback focused on one
or a few relevant aspects
that have discussed
limited concepts about
the problem question.
Many of the discussions
were taken from the
articles provided and at
the surface level with
minimal discussion.

Here the students feedback
responses were characterised
by information provided with

limited or no  proper
explanation. Students
demonstrated a  partial

understanding of the problem
question and one or few
aspects were highlighted
picked up. Since the
discussions were not really
complete, the feedback was
not completely helpful.

CHFR & mitotic
progression from the article
1

Dmalp, an orthologue of
CHFR, plays a role in
regulating mitotic events
such as spindle assembly
and septum  formation.
Dmalp and Dma2p have
been  linked to the
positioning  of  mitotic
spindles. There were no
clear connections of CHFR
functions to the antephase
checkpoint, but it is said to
delay mitotic entry in cells.
Forum B11,student #35

Multi-structural

At this, students
attempted to analyse
several aspects related to
the problem statement,
but their relationships to
each other and exact
connections were not

discussed  completely.
However, such
qualitative Multi-
structural discussions
included a range of

Here the students’ feedback
included elaborations on the
concepts from various aspects
of the problem questions. Not
all the student’s discussions
were connected well to one
other. However, most of the
students tried to make the
connections, but overall there
were struggles to understand
completely on the true
significance of their ideas.

A study was performed:
Among 61 primary colon
cancer samples studied,
hypermethylation of the
MLH1 and CHFR promoter
was found in 31% of the
tumors. In 68% of all
primary cancers with MLH1
promoter hypermethylation,
hypermethylation of CHFR
promoter was also observed.
This suggests there could be
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discrete facts related to a direction towards forming
the problem statement. a solution targeted at the
Here the quality of loss of mismatch repair
various ideas on the (MMR) caused by
problem statement was hypermethylation of MLH1
increased, but they were and the loss of CHFR as a
alienated from other mitotic spindle checkpoint.
students’ perspectives. Forum B10, student #13
Relational At  the relational level, | Students at this level could | Hence, | would say there is

peer discussions were at | use their understanding to | no correlation between
the deep learning stage, | apply their ideas/discussions | chromosomal instability and
concepts were linked and | to new situations. Students | no / low CHFR expression.
integrated in order to | argued among each other’s | As you said, CHFR s
contribute to a more | discussion, stood on their | perhaps a tumor suppressor
coherent understanding | views and integrated the | gene especially used in the
of the problem statement. | relevant details to bring the | colon. Methylation of the

At the relational level, | concrete facts together. promoter region leads to
peer feedback from the less CHFR expression and
students  helped to therefore less tumor
integrate their ideas into suppression what cancerous
a whole, recognizing tumors allows to develop
relationships and easier (there are still
connecting the relevant physical reactions to stop
information to  each growth of cancer tissue, i.e.
other. This level was from the immune system).
characterised by an So, the question how to
adequate understanding reconcile the CHFR
of a subject and problem promoter methylation and
question. tumor growth, you have

already answered. And
because there is no
correlation between CIN
and no/ low CHFR
expression, I'm not able to
explain you how to reconcile
these 2 components. Forum
B11, student #18

Extended Abstract | At the extended | Students responses at the | CHFR  hypermethylation
abstract level, the | extended abstract level wenta | can be a benchmark that
understanding at the | step further than relational helps identify patients with

relational level was re- | answers, beyond what had | high risk of the disease
thought at  another | been learned from peer | recurrence and have

conceptual level, | discussions. There were | implications for clinical
resulting in | indications of reasoning, | management of colon cancer
metacognitive analysis | anticipating possibilities, and | (following curative surgical
of the problem statement. | multiple resection in their study), and
Students analysed the | connections made. There | that it may serve as a
problem statement in a | were instances of | potential prognostic

different view and used it | generalisation of principles | biomarker. Forum B8,
as the basis for |to new situations and | student#24

prediction, considerations beyond the
generalization, reflection | problem statement.

and creation of new
understanding. Students
extracted the underlying
principles and structures
behind the ideas
discussed. Multiple
possibilities were
considered and refined to
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relate to the problem
statement.

The chart in Figure 1 shows the percentage distribution of various categories of feedback among the SOLO
taxonomy. Majority of the feedback scope was at the lower levels of the SOLO taxonomy, with 24% at the pre-
structural level and 48% at the uni-structural level. In comparison, for the feedback information, there was a
lower percentage at the pre-structural level (9%) with a majority of them at the multi-structural level (41%). With
regards to the feedback_solution that students provided for one another, there were none at the pre-structural level
and a fairly-even distribution across uni-structural, multi-structural and relational. Among the different categories
of feedback, the feedback on the solution was highest at the extended abstract level (14%).

50.0
S
~ 400
c
2
§ 30.0
&
S 200
[5)
(@)
C
= 100
(6]
o
& 00 Extended
Pre-structural = Uni-structural ~ Multi-structural Relational xiende
Abstract
Feedback_Scope 23.9 47.8 19.6 4.3 4.3
Feedback_Information 8.7 34.8 41.3 13.0 2.2
Feedback_Solution 0.0 25.0 30.6 30.6 13.9

Figure 1: Percentage distribution of different categories of feedback provided by students to peers
according to the SOLO taxonomy

The distribution suggests that the feedback by students in response to group mates’ posts on problem scope was
less well-developed that feedback on information or solution. This correlated with our previous observations that
defining the scope of an ill-structured problem is an issue for students (Yeong, 2015). Consequently, the students
might also have problems with helping one another with constructive comments on how to define the scope of the
ill-structured problems. Nonetheless, there was at least 20% of the feedback on the scope that was at the multi-
structural level, indicating that there were students who were capable of providing useful feedback on the problem
scope in attempting to solve the problems.

The better performance of students in providing feedback on information could be due to the fact that the
information provided was mostly domain-related and students were able to rely on their knowledge as science
students. The link back from information might be less opened than the scope to the problem posed. In providing
feedback to solutions proposed by group mates, the more evenly distributed feedback across the across uni-
structural, multi-structural and relational could be the fact that different solutions are possible and related to the
openness of the problem, students might not all be good at making links to the problems. However, there were no
pre-structural feedback and the highest level of extended abstract among the feedback on solutions, suggesting
that perhaps with various possible solutions provided, students were likely able to make links to broader issues
using prior knowledge.

The observation that 31% of feedback that was multi-structural and 15% relational in nature provided us some
confidence that students were able to make relevant comments to one another (Table 2). In relation to
customization of learning (Schuwer & Kusters, 2014), students involved at the group level were able at some
level, to provide targeted and specific to other members. This fitted our idea of using group-specific discussions
to drive the learning of common topics but with scope for students to contribute their own ideas and feedback to
one another that might not be possible within the time-frame of an in-class discussion led by on instructor. The
peer-feedback by students within groups, therefore, served as a good complement to the feedback provided by
instructors, who might be engaged with other modules in parallel and normally provided broader comments for
each group without necessarily going into specifics that have already been dealt with by students themselves. The
instructor nonetheless catered comments and feedback to the group-specific topics that were raised by the students,
again fitting into our aim of customizing learning experiences for students.
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SOLO taxonomy Percentage Frequency
Pre-structural 11.7

Uni-structural 36.7

Multi-structural 30.5

Relational 14.8

Extended Abstract | 6.3

Total 100

Table 2: Percentage distribution of all feedback categories according to the SOLO taxonomy

Conclusions

Given that students are not all experienced in solving ill-structured problems, we anticipated that there might be
problems with the level of feedback that students might provide their peers. This is because our scaffolds for
solving ill-structured problems were related to steps for solving the problems. However, from the exploratory
study, we noted that students were able to provide feedback that included SOLO levels at the uni-structural and
multi-structural, with a small percentage of the relational and extended abstract. One reason for this could be that
students were still having difficulties with solving ill-structured problems. We could, therefore, strengthen our
scaffolding on ill-structured problem-solving skills. Moreover, the observation could indicate that students might
not have sufficient skills to provide peer feedback, as this was not part of the instructional design.

Nonetheless, the finding that students were able to provide feedback at more advanced levels of SOLO implied
that there could be a way to scaffold students in terms of feedback for peers to improve the proportion of higher-
level feedback. For instance, training students to be better at providing constructive feedback (Gielen, Peeters,
Dochy, Onghena, & Struyven, 2010) might help improve collaborative-learning. Additionally, there needs to be
a continued focus also on defining the knowledge surrounding problem scope as peers who are not familiar with
the skill might have difficulties in supporting one another. Additional studies could be conducted such as
interviews with students to find out how some students are able to make feedback at the advanced SOLO levels
including the relational and extended abstract. Based on this information, we could design ways to support other
students so that they might also attain such SOLO categories.

Future studies will focus on the improvements to our problem-solving scaffolds as well as scaffolds to support
student collaboration. This should enable us to provide a learning environment that would cater to a more open
structure of learning for students at different levels but with the similar outcome of learning about problem-solving
skills. In terms of using AODFs as a platform for mediating student discussions as they solve an ill-structured
problem, the instructors were able to observe the level and quality of feedback that students provided to one
another as students make explicit their problem-solving approaches (Andresen, 2009). Moreover, collaborative-
learning among students have been shown to be beneficial to knowledge construction (Schellens & Valcke, 2006).
Hence the use of ill-structured problems together with an appropriate technological platform as a mediating tool
have afforded us the means to provide mass customization of learning as students work collaboratively on the
problem.
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Training and Adult Education is critical to Singapore’s effort to compete in the global economy
and respond to its major economic and social challenges. iN.LEARN 2020, a key SkillsFuture
initiative was introduced to catalyse the adoption of blended learning, through the use of
technology-enabled learning and workplace learning, to enhance learning accessibility and
relevancy. This paper reports the first nationwide survey that investigates the training and adult
education landscape in Singapore. The findings provide baseline information of the current
status of the use of learning technology in training and adult education and highlight issues and
challenges in the adoption of learning technologies. A considerable proportion of training
providers (47%) and adult educators (77%) reported using learning technologies in their
training related work, however, use of learning technology may not linked to better learner
experience or deep learning. Cost and lack of expertise are main obstacles to effective adoption
of learning technologies. It provides implications to training organisations and adult educators
to review their current programmes and skills, and to better design and implement technology
enhanced learning. It also has implications for building partnerships among government
agencies, enterprises and training providers and professionals to favourably exploit cutting-
edge technology to support learning and performance.

Keywords: technology enhanced learning, learning technologies, pedagogical innovation,
training and adult education, adult educators, training providers, skills

Introduction

Learning in traditional settings is making way for more digital and interactive approaches. Varied formats and
individualised learning provided on e-platforms and at the workplace provide learners the flexibility to learn the
way they prefer (Hodgkin, 2009). In educational institutions and corporate training, technology enhanced learning
has become increasingly important (Zhang & Cheng, 2012; Garrison & Kanuka 2004). For the purpose of this
study, technology enhanced learning refers to any learning that leverages on technology, including for example,
e-learning, online learning, learning on simulators, mobile phones, augmented reality or virtual reality.

Many have argued the effectiveness of technology enhanced learning and some are concerned that technology
enhanced learning may just be a fad in training and education (Hofmann, 2006). Nonetheless, the adoption of
technology enhanced learning has been undeniably increasing by businesses and educators because of its
flexibility, cost-effectiveness, and relevancy. FELTAG (Further Education Learning Technology Action Group)
advocated that learning technology facilitates personalize training, providing autonomy to learners (Hutchinson,
2016). In training and adult education, autonomy is especially essential as it provides adult learners with flexibility
to choose their preferred time and pace for learning to accommodate other commitments from work and family
(Graham, 2006). In addition, what makes blended learning attractive is also because of its potential and promise
in providing authentic learning environment (Herrington, Reeves and Oliver, 2010; Institute for Adult Learning,
2016). Well designed and implemented, it could improve learner engagement and participation which would lead
to better learning outcomes (Hewett, 2016; Badawi, 2009). For business, blended learning can extend the reach
of training in terms of access and flexibility with variety of formats and elements to ensure that all learning styles
(visual, auditory, kinaesthetic) would be met whichever works for the employees to keep them stimulated in
learning, and allow them easy access to learning anytime, anywhere (Korr, Derwin, Greene & Sokoloff, 2012;
Osguthorpe & Graham, 2003; Singh, 2013).

Singapore is in its digital journey with its Smart Nation initiative to drive the nation to be the leading digital
economy as detailed in three national plans namely, the Digital Economy Framework for Action, the Digital
Government Blueprint, and the Digital Readiness Blueprint. Within the Digital Economy Framework lies the
Industry Transformation Maps that facilitate guidance to companies and the workforce across sectors in adopting
and stressing technology and innovation to transform enterprises and improve productivity. In line with the
nationwide digital journey, the Training and Adult Education (TAE) sector of Singapore launched the iN.LEARN
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2020" (SkillsFuture, 2017) as a national strategy to catalyse the adoption of technology-enabled training and adult
education. Blended learning offers the potential to create new and innovative educational solutions and improved
learning experience; however, how this can be achieved is usually not straightforward. Despite an intensive search
of available literature on the Internet, there is a paucity of publications on blended learning in the training and
adult education in Singapore. The lack of readily available research and exemplars of blended learning adoption
in the TAE sector could be seen to be impeding the adoption of blended learning and the implementation of
iN.LEARN 2020.

Methodology

We use data from the first nationwide survey of the TAE landscape study (Chen, Ramos and Cheng, forthcoming).
It was conducted by the Institute for Adult Learning conducted in 2017-2018, with a total response from 326
training providers, 535 adult educators, 252 training and management professionals, and 138 human resource
developers. This is the first formal study on the TAE sector that hopes to uncover the profiles of the training
providers and TAE professionals, their business model, the programme offerings, approaches and forms of
delivery used, how technology is used to advance their business operations and training delivery. This paper will
focus only on the use of learning technologies. Specifically, it aims to address the following questions:

RQ1: What is the current status of the use of learning technology by the training providers and adult educators in
Singapore?

RQ2: To what extent are the skills of adult educators and training management professionals proficient to perform
their current work in technology enabled learning?

RQ3: What are the challenges in the use of learning technologies reported by training providers and adult
educators?

Results

Key finding 1: A considerable proportion of training providers (47%) and adult educators (77%)
reported using learning technologies in their training related work, however, current use of
learning technology may not be linked to better learner experience or deep learning.

As mentioned earlier, iN.LEARN 2020 promotes adoption of blended learning with a strong technology
component, we therefore asked the current use of learning technologies by the training providers and adult
educators in the study. A considerable proportion of training providers (47%, n=153) and adult educators (77%,
n=411) reported using learning technologies in their training programmes and services in the last 12 months. We
also asked what tools they have used and Table 1 lists the learning technology tools used by training providers
and adult educators.

Table 1: Learning technology tools used by training providers and adult educators

Percentage of | Percentage of Adult

Training educators that used ...
Providers that
used ...

Audio-visual training aids (e.g. Smart boards) 35.9%, n =117 66.2%, n = 354

Recorded video of training activities, contents (e.g. lectures, | 31.6%, n = 103 57.8%, n = 309
seminars, discussions)

Collaboration platforms (e.g. Google docs) 25.8%, n =84 42.1%, n =225
Learning management systems (e.g. Moodle, Canvas, | 25.5%, n =83 35.3%, n =189
LearningSpace, AsknLearn)

Web-based forums, online chats, online community of | 23.3%,n =76 33.8%, n =181
practice, polling

Web-based  seminars/presentations  (e.g.  Blackboard | 22.7%, n =74 32.5%, n=174

Collaborate, Adobe Connect, virtual classrooms)

LiN.LEARN 2020 is a key SkillsFuture initiative, which is introduced to catalyse the adoption of blended learning, through
the use of technology-enabled learning and workplace learning, to enhance learning accessibility and relevancy.
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E-assessment (e.g. online quizzes) 21.5%,n=70 32%, n =171
Web-based chats, conferencing 21.2%, n =69 26.9%, n = 144
Mobile applications for adult learning (e.g. Gnowbe, AcuiZen) | 17.8%, n = 58 22.1%,n =118
Gamifications 16.6%, n =54 21.1%,n =113
Simulations (e.g. augmented reality, virtual reality) 14.1%, n = 46 20.9%, n=112
E-portfolios 14.1%, n = 46 20.7%,n =111
Others 2.6%,n=4 2%,n=2

As can be seen from the table, the top learning tools used by the training providers and adult educators were
similar: audio-visual training aids, recorded videos of training activities or content, and collaboration platforms.
The use of learning technology seemed to be primarily asynchronous, i.e. one-way knowledge transfer, such as
creating audio-visual training aids with Smartboard and recorded videos; but less frequently to connect learners
to learner or context. For example, less than 15% of training providers and adult educators reported using
simulations such as augmented reality or virtual reality. Given that most tools used were mainly for one-way
knowledge transmission and the frequency of use was not high (~3 “Occasionally” out of a scale of 6 “Always”),
the results could imply that current use of learning technologies in training might be more content-driven; but less
dialogical or contextual, which may not lead to better learner experience or deep learning.

Key finding 2: Technology enhanced learning was identified as one of the emerging skills to
support the organisation’s business needs, however, adult educators and training management
professionals perceived their skills in technology enhanced and blended learning to be lower
than classroom facilitation and are top needs for continuing professional development.

About 72% of the training providers invested on technology and automation in the last 12 months. They also
indicated willingness to invest in technological and automation enhancements in the next 12 months (Chen, Cheng
and Heng, 2019). Over 60% of training providers foresee pedagogical innovation and technology enhanced
learning as emerging and critical skills that adult educators and training management professionals need to be
equipped with in order to support the organisation’s business needs. However, the adult educators and training
management professionals self-reported that they were least skilled in this areas. Figure 1 shows that over 90% of
adult educators reported they were proficient in classroom based learning, however, the percentage that were
proficient in technology enhanced learning and blended learning dropped to around 75%.

100% 93%
80% 72% 76%
60%
Technology Blended learning  Classroom-based

enhanced learning learning

Figure 1: Percentage of adult educators who are proficient in the skills

Similarly, for training management professionals, the percentage that reported proficient in learning technology
management and digital skills were lowest as compared to other skills that were critical to their work. See figure
2 below.

100% 95%
0,
90% a1 87% 89%
° 81%
80%
Generic Training Quality  Learning technology Programme
skills administration management management & digitaladministration

skills

Figure 2: Percentage of training management professionals who are proficient in the skills
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The survey also asked the areas that adult educators and training management professionals needed continuing
professional development (CPD). Top CPD needs reported by adult educators were: learning analytics, curriculum
design and development for technology enhanced learning, curriculum design and development for blended-
learning. And top CPD needs reported by training management professionals were: learning technology & system
management, digital literacy, curriculum and programme management. The findings show that technology
enhanced learning is a key trend in the TAE sector and adult educators and training management professionals
are aware of the gaps in their skills in this area. There is a need for quality CPD provision in this area to help them
meet the changing demand in their work.

Key finding 3: About 1 in 3 training providers (31%, n=102) are still doing classroom-based
training only; thinking that their current mode of training delivery can meet the clients’ needs.
Cost and lack of expertise were main reasons reported by training providers for not adopting
learning technologies.

About 1 in 3 Training providers (31%, n=102) are still doing classroom-based training only. About 53% (n=173)
of training providers did not use learning technologies at all in the last 12 months. The top reasons for not using
learning technology included: current mode of training delivery was enough to achieve the learning outcomes
(47.4%, n = 73), learning technologies were too costly and would not reap the returns on investment in the next
2-3 years (33.8%, n = 52), and lack of expertise to design and manage high quality technology enhanced
programmes (31.2%, n = 48), see Table 2.

Table 2: Reasons for not adopting learning technologies

Reasons for not adopting learning technologies reported by training providers

Current mode of training delivery can meet the learning outcomes effectively 47.4%,n =73
Too costly and will not reap the returns on investment in the next 2 to 3 years 33.8%, n =52
Lack of expertise to kick start 31.2%, n =48
Lack of financial resources to kick start 29.9%, n = 46
No need as my clients prefer traditional mode of delivery such as classroom training 26.6%, n =41
No resources to explore what learning technologies are available in the market 26.6%, n =41
Not ready as we do not have a business plan ready for adopting learning innovation 20.1%,n =31
Others 1.3%,n=2

Other reasons reported in the above table was regarding the learners, as one training provider mentioned that some
learners were not proficient in the ICT skills thus not ready to adopt learning technologies. One training provider
also mentioned it was difficult to decide which learning technologies to use from the diverse and fast changing
tools and technologies in the market.

Conclusion

The TAE sector is embracing learning technologies to respond to the changes in the market with close to half of
training providers and 4 in 5 adult educators adopting learning technologies in their training programmes and
services. However, our results also indicated the demand for technology enhanced learning seem not to be fully
picked up among training providers yet, with 1 in 3 training providers were still doing classroom based training
only, thinking it can meet the demand of the learners and enterprises.

Whether the mere adoption of learning technology should be taken as successful or effective would require a
closer look into how learning technologies are used and whether they are linked with better learner experience
and learning outcomes, not just its mere use per se. Learning technologies were found to be not frequently used
overall, and when used, it was basically for knowledge transfer like the use of smart boards and recorded videos.

Lack of expertise in technology enhanced learning design and delivery is one big obstacle reported by training
providers towards adopting learning technology in their programmes and services. The adult educators were aware
of their skill gaps when it comes to adoption of blended learning and learning technologies. They self-rated their
proficiency in technology enhanced learning and blended learning as lower than traditional classroom mode of
delivery. Adult educators also reported high need for continuing professional development in this area. While they
may see the use of learning technology as a trend, how to develop pedagogical expertise for technology enhanced
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learning is not an easy process. Understanding their challenges is an important first step towards capability
development (see Cheng & Chen, 2019).

The findings provider some implications to policy and practice. Leaders of training organisations need to evaluate
and predict the market trend and build innovative culture to encourage staff at all levels to be part of the change
process to embrace innovation and new ways of training and learning (Chen, Chia, & Bi., 2019). At the same
time, it is important to create awareness and understanding about technology enhanced learning, and look at the
developmental cost holistically (Chen, Cheng & Heng, 2019).

It also has implications for building partnerships among government agencies, enterprises, training providers and
professionals to tackle issues related to capability development, infrastructure support and resources provisions
for technology enhanced learning. All stakeholders in the ecosystem has a role to play to support organisations
and professionals to share knowledge, gain access to learning resources and develop ways to favourably exploit
cutting-edge technology to support learning and performance together.
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Learning Analytics implementations in universities:
Towards a model of success, using multiple case studies

Jo-Anne Clark David Tuffley
Griffith University Griffith University
Australia Australia

In these pioneering days of Learning Analytics in higher education, universities are pursuing
a diverse range of in-house implementation strategies, with varying degrees of success. In this
exploratory study we compare and contrast the approaches taken at three demographically
different Australian universities. The comparison is made in the context of Delone and
McLean’s information system success model (1992). In time, a consensus-driven method for
using Learning Analytics to improve student learning outcomes will eventuate, including
individualized learning, but we are still some distance from this level of maturity. It seems
likely that user-friendly proprietary platforms will prosper in the climate of uncertainty.
Participants in the study see potential in Learning Analytics but are not sure about how best to
realise that potential as the implementation of Learning Analytics systems at Australian
universities are still very much in their infancy. Proprietary approaches offering sophisticated
functionality seem likely to emerge and take precedence over the trial and error approach. This
study addresses an apparent gap in the research as limited studies exist targeting both learning
analytics and information system success. The methodology taken explores the research topic
through a qualitative lense utlising thematic analysis. The study concludes that digital
interventions such as Learning Analytics has great potential to optimize teaching and learning
practices. Information systems success research can provide insights into what works and what
does not in terms of Learning Analytics implementations. The discipline needs to be
systematized for efficient implementation, and must deliver tangible benefits over time.

Keywords: Learning Analytics, Information System Success, Learning and Teaching,
Information System Success Model

Introduction

Considering the maturity of Australia’s higher education sector, and its demonstrated commitment to the
scholarship of teaching and learning, it is perhaps surprising that the tool of Learning Analytics has not played a
more pivotal role in providing evidence-based teaching and learning strategies (Universities Australia, 2013).
Learning Analytics may be described as the collection, analysis, and reporting of data associated with student
learning behaviour (Lockyer, Heathcote and Dawson, 2013). This is not to say that Australian Universities have
not been making good use of technology to make the learning and teaching experience more flexible, accessible
and engaging, with the overall goal of improving learning outcomes. But full recognition of the potential of
Learning Analytics to support more data-driven decisions has not yet been reached. As higher education operates
under increasing scrutiny by governments, accrediting agencies and students, new ways to monitor and improve
student success will be advantageous. Generally speaking, Australian universities are recognizing the potential
of Learning Analytics but given the immaturity of the field and the relatively few successful implementations,
there is still something of an experiential vacuum that is impeding progress. Empirical research supports the view
that data-driven decisions improve productivity and organisational output, yet for many higher education leaders,
it is experience and “gut instinct” that still has greater impact on decisions (Long and Siemens, 2011). As the field
of Learning Analytics matures, the focus of theory and practice is moving from post-hoc analysis to the
exploration of the possibilities that real-time data can bring (West, et. al, 2015).

What are Learning Analytics?

Throughout the literature, diverse definitions of Learning Analytics can be found (LAK2011; Slade and Prinsloo,
2013; Siemens, 2010; Boyd and Crawford, 2012; Donoghue, Horvath and Lodge, 2019; Lockyer, Heathcote and
Dawson, 2013). Emerging from the ongoing discussion has been a degree of consensus for a working definition
from the First International Conference on Learning Analytics and Knowledge - “Learning analytics is the
measurement, collection, analysis and reporting of data about learners and their contexts, for purposes of
understanding and optimising learning and the environments in which it occurs” (LAK2011). (Slade and
Prinsloo’s (2013) interpretation of the definition is interesting as it includes an ethical angle. They state that
Learning Analytics is “the collection, analysis, use and appropriate dissemination of student-generated, actionable
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data with the purpose of creating appropriate cognitive, administrative, and effective support for learners (Slade
and Prinsloo, 2013). Analytics used for teaching and learning decision making and analysis are becoming more
important for informing teachers on the success or otherwise of their design of learning experiences and activities,
together with the monitoring of student learning for support during the teaching period (Lockyer, Heathcote and
Dawson, 2013). Although different definitions exist, most researchers agree that big data, which is often used by
analytics, involves large volumes of data gathered by different organisations (Koronios, Gao, and Selle, 2014).
Siemens (2010) defines Learning Analytics more specifically involving the use of intelligent data and analytical
models to discover connections as well as to predict and advise on learning (Siemens, 2010). Boyd and Crawford
(2012) see the term of big data as an inaccurate one, as it is less about the data and more about the capability to
sift, aggregate and cross-reference useful information buried in large data sets — “Businesses are collecting more
data than they know what to do with” (McAfee and Brynjolfsson, 2012, p. 59). This is true for Australian
universities (Colvin, et. al, 2016). Donoghue, Horvath and Lodge (2019) describe Learning Analytics as an
emerging field that has the purpose of supporting, enhancing, facilitating, predicting and measuring human
learning in an educational setting. In areview of the literature on LA, Strang (2016) concludes there is an emphasis
on prediction as a reason for employing learning analytics. For the purposes of this study, we used Lockyer,
Heathcote and Dawson’s (2013) definition, being the collection, analysis, and reporting of data associated with
student learning behaviour. We adopted this definition because it encompasses the original definition from the
LAK2011 conference and focuses on student learning.

The outcomes of research into what makes a successful Learning Analytics implementation illuminate issues that
are a priority in successful implementations. Knowing this allows for the strategic improvement of teaching and
learning outcomes. Considerable variation in students’ manner of engagement with their learning environment
(Coates, 2008) has been noted, so it is advisable that the derived analytics be a reflection of their preferred style.
If we make the individual student the unit of analysis, we create opportunities for optimisation strategies to be
developed tailored to a student’s unique learning style. This inherently inclusive pedagogical approach caters to
the learning styles of students with broadly divergent backgrounds, including students with disabilities. Strang
(2016) examines a study of students and their engagement with Moodle (LMS). The study presents a snapshot of
in time of student learning, however the authors finding report that Learning Analytics in this case was not able
to predict student learning performance. This paper examines the Delone and McLean model of Information
Systems Success as applied to Learning Analytics systems at three Australian universities. This example of digital
intervention is useful to illuminate issues associated with learning and teaching supported by learning analytics.
Learning Analytics is an information system. Delone and McLean’s model details a comprehensive framework
for assessing the performance of information systems in organisations (Delone and McLean, 2003). Said model
is robust, having been applied to information systems across a broad range of types over an extended period. The
model will be applied to Learning Analytics in order to find specific areas that Universities can focus on to ensure
a successful implementation of the system. The authors are unaware of any earlier instances of Delone and
McLean’s model being applied to Learning Analytics, though some preliminary work has been done by Strang
(2016) examining the critical success factors involved in Learning Analytics implementations.

Information Systems Success

As stated, we classify Learning Analytics systems as belonging to the broad category known as information
systems. By definition, an information system involves gathering, processing, distributing and using information
by input, processing and output, with a storage and feedback component (Beynon-Davies, 2013). We argue that
Learning analytics can be classified as an information system as it refers to the process of collecting, evaluating,
analyzing, and reporting organisational data for the purpose of decision making (Campbell and Oblinger, 2007).
Information systems implementations are not known to have a good track record in terms of successful
implementations (Nguyen, Nguyen and Cao, 2015). Indeed, it has been noted that a large percentage of
information systems implementations are a failure (Beynon-Davies, 2013). The authors consider it appropriate to
apply the information systems success literature to the implementation of Learning Analytics systems.

The literature on information systems success is extensive. A key development of the theory of information
systems success were authors Delone and McLean (1992). The authors have since updated the theory after
contributions from IS scholars to create a better model. The information systems success model has been cited in
thousands of papers and has been one of the most influential theories in contemporary information systems
research (Nguyen, Nguyen and Cao, 2015). It provides a solid foundation for examining the success or otherwise
of Learning Analytics implementation, particularly in relation to the strategic improvement of learning and
teaching outcomes.
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Delone and McLean performed a systematic review of available published material relating to the success of
information systems in organisations.

ICT system (Functionality) Information system (Usability) Activity system (Utility)
System quality Use
s e quividual Orge_misational
impact impact
Information quality User satisfaction

Figure 1: Delone and McLean Model (Delone and McLean, 1992)

There are three main elements to the model. Firstly, the ICT system or Functionality. The system quality focuses
on the desired characteristics of the information system whereas the information quality considers the quality of
the output from the system. The second element looks at Usability. This element examines how the users interact
with the information system in terms of whether the user interface is user friendly and allows them to do what
needs to be done. The last element, the Activity system or Utility focuses on the overall impact the information
systems has on the individual and the organisation as a whole (Nguyen, Nguyen and Cao, 2015; Beynon-Davies,
2013).

The model was updated in 2003 by Delone and McLean and now includes additions such as the intention to use
as well as the use and the overall individual and organisational impact being viewed as the net benefits that include
user satisfaction and the use of the information system (Nguyen, Nguyen and Cao, 2015) (see Figure 2 below).

Information

Quality Intention| Use

to Use

N
System Net Benefits
Qualitv

v
User

Satisfaction
Service
Quality T

Figure 2: The updated Delone McLean information system success model (Delone and McLean, 2004).

The Delone and McLean model has primarily been used in quantitative studies, but other studies exist that focus
on qualitative research. Out of 90 empirical studies outlined in Petter, Delone and McLean (2008) the following
qualitative studies were mentioned in Coombs et al, 2001, Scheepers et al, 2006 and Leclercq, 2007. In this
project, we put elements of the Delone and McLean model to a qualitative data analysis. In doing so we examine
the potential of learning analytics to deliver appropriate functionality and usability to create an information system
that delivers actual value to a diverse cohort of students with varying learning styles.

Research Approach

After consideration of the alternatives, the case study approach deemed suitable to the purposes of this project.
Researchers have used the case study approach in research across a wide range of disciplines for many years,
seeking to understand complex issues. This research aligns with the perspectives associated with the case study
approach. Yin (1984) defines case study research as “an empirical inquiry that investigates a contemporary
phenomenon within its real-life context; when the boundaries between phenomenon and context are not clearly
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evident”; and in which multiple sources of evidence are used (Yin, 1984: 13). Case studies are often used in
research because they offer insights that may not be achieved with other approaches (Rowley, 2002). As the
generalisability of the case study approach is sometimes questioned, it is best to establish validity using multiple
case studies. Multiple case designs are preferred to demonstrate validity. Having multiple cases can be regarded
as equivalent to multiple experiments as opposed to having a single case or single experiment (Rowley, 2002).
The case study approach is very suitable for exploratory investigations where there is little or no prior knowledge
of reality or of a phenomenon (Jarvinen, 2001). Performing qualitative research enables the researcher to study
events within their real-world context and this includes the relevant culture of the people, organisation, or groups
being studied. It is crucial that the culture, that is, the unwritten rules and norms governing the social behaviour
of groups of people, is considered when conducting this project (Yin, 2011).

Interpretive research has emerged as an important branch in information systems research in recent years
(Walsham, 1995). Interpretive research is thought to assist Information Systems researchers in understanding
human thought and action in social and organisational contexts. It also has the potential to produce deep insights
into information systems phenomena (Klein and Myers, 1999). The research design for this project is an
interpretive case study that will be analysed through qualitative methods. As the interpretivist perspective will be
taken, the world will be viewed as a social construction of reality, interpreted and experienced by people and their
interactions within the wider social systems in which they exist. According to this research paradigm, the nature
of inquiry is interpretive. The intended purpose of the inquiry is to understand a particular phenomenon, not to
generalize a population (Antwiland Hamza, 2015).

The foundation of a research study lies with the data collected (Yin, 2011). According to Yin, (2011) data
collected in qualitative studies come from four field-based activities: interviewing and conversing; observing;
collecting and feeling. This research study adopted the following data collection methods: in-depth interviews,
direct observation, and examination of relevant documentation (Yin, 1994).

Data collection and analysis

Data collection began with an approach to the Deputy Vice Chancellors (Research) at each university outlining
the project and seeking permission to approach appropriate members of their university community. The DVCs(R)
were supportive in their responses. Having obtained approval, key staff were identified at each university. These
persons were selected based on their direct involvement with Learning Analytic Systems. In-depth interviews
were subsequently conducted with the aforementioned staff at each university. The interview protocols were
designed around the key issues derived from an extensive literature review on Learning Analytics around the
world (Levy and Ellis, 2006). A documentation review was also conducted around the Learning Analytics policies
in place at each university.

It must be noted that this is an exploratory study to establish a benchmark of Learning Analytics practices at
representative Australian universities. The Delone and McLean (1994) model was not used to inform the research
questions at this stage but will be used in the next phase of the research.

The interviews were recorded and transcribed. The interview data was then coded, and analysis performed using
exploratory thematic analysis (Braun and Clarke, 2008). An interpretive approach was taken with the analysis,
as the researchers felt it was ideal to represent the perceptions of the staff interviewed about the Learning Analytics
system implementations. We acknowledge that Learning Analytics systems are quantitative and therefore
measurable in nature, but the subjective impressions that staff have about Learning Analytics are best explored
through a qualitative lens for the purposes of this exploratory study.

Case Studies

Data for the Case Study was collected from three demographically diverse Australian universities, two of which
were metropolitan, the third being a regional university. The demographic spread of the data sources permit a
broadly inclusive view of the Learning Analytics situation in Australian universities.

University One

University One is a public research university servicing low to middle socio-economic areas. A higher than

average proportion of its students are first in family, have diverse needs and in some cases have a lower entrance
score than those of their immediate counterparts.
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University Two

University Two is also a public research-intensive university servicing a middle to high socio-economic
demographic. This university is perceived both locally and internationally as prestigious. It routinely attracts
students with high entrance scores.

University Three

The third test site is a regional university servicing a large agricultural base, and which has specialized in offering
on-line programs for which it has a good reputation. The greatest proportion of total enrolments are online
students. These come from widely varying backgrounds, including Low SES, mature aged and professionals
seeking career enhancement.

Learning Analytics Implementations

It was immediately clear that each of the data collection sites had adopted different approaches to Learning
Analytics. Two used a centralized software suite (though different suites), the third took a course-by-course
approach taking account of what information the lecturers wanted from the exercise.

University One

In cooperation with the makers of the Blackboard Learning Management System (LMS), a full-function Learning
Analytics Dashboard had been implemented in University One since 2016, beginning with a pilot in that year.
The dashboard has since been rolled out and made available to the broader university community. The project
was coordinated by the university’s Professional Development Department. The dashboard provides a
configurable, fine-grained view of student’s interactions within the on-line learning environment. This included
frequency and duration of access to specific on-line pages. From this it is possible to deduce degree of engagement
and a number of other metrics and indicators such as when a student is falling behind with meeting their
milestones. Proactive interventions can then be performed via email. One of the challenges with the Dashboard
was the volume of data generated and the finding of ways to meaningfully use it.

University Two

University Two established a dedicated Learning Analytics department with the mandate to establish and optimize
Learning Analytics as a tool for improving student outcomes. The Tableau® software suite is the tool of choice.
Tableau® draws performance data from every course at the university, monitoring how the course performs in
terms of student attendance, engagement with specific course material, student evaluation scores and a range of
other metrics. Performance is evaluated through the application of specific performance indicators situated in the
within the context of a mature quality framework. Meaning analytics emerging from this quantitative management
approach is then used by course conveners to progressively improve the quality of their courses.

University Three

At the third site, a decentralized approach to Learning Analytics was observed. Each course convener has access
to a plug-and-play tool-set with which a tailor made Learning Analytics application can be developed. These
applications were not necessarily developed from scratch. A range of templates and suggestions provided
guidance for conveners. The usefulness of the results across the various implementations varied depending on
factors like the lecturer’s programming skills, their understanding of what the capabilities of using such a system
might be. Usefulness also depended on several other factors including how busy with other matters the convener
was.

Analysis
This section presents the analysis that was conducted using exploratory thematic analysis (Braun and Clarke,
2008). The interview data was coded, and analysis used thematic analysis (Yin, 1994). An interpretive

perspective was taken in the analysis as the researchers felt it was ideal to represent the perceptions of the staff
interviewed about the Learning Analytics system implementations.
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Learning Analytics implementations at Universities is still in its infancy

Even though analytics has been used to good effect in business for some time, the use of analytics at universities
is in its infancy. In some Australian universities, analytics is the responsibility of their Business Intelligence
departments, as in the case of University One. Learning analytics research is closely related to the field

of educational data mining. This field has relevance for understanding and optimizing the learning process
(Siemens and Baker, 2012) although much of this research has focused on developing predictive models of
academic success and retention (Siemens, Dawson, and Lynch, 2014). In another example, University Two, an
entire section is devoted to learning analytics, including the business intelligence area and academic analytics,
which includes course analytics. University Three is taking a more adhoc approach so there is no formal
department or unit devoted to learning analytics.

Defining ‘Learning analytics’

Although some progress has been made, there is as yet no clear consensus on what the term ‘learning analytics’
means (Van Barneveld et al, 2012). Siemens (2013) posits that as the field evolves an authoritative definition will
emerge. Perhaps the difficulties in achieving consensus is because Learning Analytics is a relatively new field, or
perhaps the reasons are more complex.

It is self-evident that we operate in an increasingly data-driven environment. Analytics can be applied to specific
areas like health and safety analytics, or it may apply to an intention, such as learning analytics in relation to
improved learning outcomes, and predictive analytics. Or the term may also apply to the object of analysis, for
example Twitter analytics, Facebook analytics, Google analytics. Van Barneveld et al (2012) note that higher
education’s approach to defining analytics is particularly inconsistent. They found that some definitions were
conceptual (what it is) while others were more functional (what it does).

In any event, interested observers use the term in various ways in relation to Learning Analytics. For example,
some consider that ‘learning analytics’ per se do not exist since no learning takes place with the use of analytics.
It is a meta-level pursuit. A professor interviewed from University One views learning analytics as the managing
of student behaviour and the promotion of engagement rather than actual ‘learning’ taking place with the use of
analytics. The course analytics project at University One utilizes Blackboard and is concerned with mapping
students’ engagement behaviour. The system is a meta-level window into their learning. It is not feeding
information back to students about their learning. University two takes two perspectives on learning
analytics:student facing and academic facing. University three views learning analytics as improving the use of
data and evidence to improve learning and teaching outcomes, doing so on a course-by-course basis.

Student facing analytics versus Academic facing analytics

As noted, we see that different Learning Analytics definitions exist but we ask are these definitions talking about
the same thing. A finding from the case study interviews was that participants view analytics as either student
facing or academic facing. Long and Siemens (2011) introduced the categorisation of learning versus academic’s
analytics. Where learning analytics included course-level and departmental analytics as opposed to academic
analytics including institutional, regional and national and international analytics. The categorisations were at the
objective analysis along with who benefits. In learning analytics, the beneficiaries are learning and faculty
whereas the institutional, regional and national and international analytics were at a more systematic level (Long
and Siemens, 2011). At University One, student facing analytics is instantiated by feedback to the student about
how they are going, for example, are they keeping up with workload/assessment? In this university, the nature of
the information in the student facing analytics is distinctly different from that of the staff facing analytics. It is
qualitatively different data that poses different challenges in the formulation of meaning by the academic. One
academic in the trial commented that there is clearly a lot of potential in this data, but it is not clear how it can be
derived. University Two is in the process of building a student dashboard, currently in beta phase in 2019. The
beta is being trialled in the medical degree. The choice of student cohort to test the beta upon highlights that
different cohorts in different disciplines will probably use the dashboard in distinctly different ways. High
achieving medical students’ intent on maintaining high grade point averages (GPA) will use the analytics as a
strategic tool to maintain their GPA, whereas students in less-demanding programs will likely use the analytics
differently, if at all. The majority of work done at both University One and Two make up this classification of
academic facing analytics.
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Learning analytics applied to course design

The application of learning analytics to course design was different in the three universities. University One was
using Learning Management Systems (LMS) centric models supporting staff making better course management
and course design decisions based on a series of dashboards. Although this work is very much in its infancy,
based on a one-year pilot implementation. In university one, participants stressed that the first four weeks of any
semester is crucial to engaging the student. “So, how do you capture those students? And modelling who they
are and taking note of all the different types they are.” (University One participant). This university had a process
called first assessment; first feedback where those students who did not submit or who failed their first piece of
assessment were invited in and staff worked with them to remedy the shortfall. “Those that picked up the
intervention went on to do very well but you would be surprised how many of those were hard to find and some
un-contactable or disappeared. And what we concluded was, by week 4 they psychologically dis-enrolled from
university” (University one participant).

University One had also experimented with predictive modelling concerning at-risk students and attrition. It is
very easy to diagnose risk at this university, for example it is possible by week 4 of the trimester to determine to
an accuracy of 90%, who is going to fail the course, but it is very difficult to act on prevention strategies “students
don’t read their email” University 1 participant). Early intervention is critical. As an interview participant noted
“too often we are very clever at measuring problems rather than presenting potential preventative solutions that
don’t require analytics but require a lot of common sense, you know, like for example, we can track student’s
engagement with a course but you know you don’t need analytics to tell you that a small piece of early assessment,
give them clear feedback and be available for consultation. Good design is still good design and good support
and good teaching is still good teaching.” (University one participant).

University One has created a course analytics system in conjunction with Blackboard. They also have a planned
system called Analytics for analytics, which is basically tracking the analytics of engagement. The purpose is to
get a supra-level institutional snapshot of engagement in addition to the course level snapshot.

University Two had advanced analytics running on all courses that are offered utilizing the Tableau Tableau® is
a proprietary Business Intelligence and Analytics software software. Tableau® is a proprietary Business
Intelligence and Analytics software package offering a range of useful functions. On-going risk assessment of
every course is performed via this software. The Associate Dean Academic in each school then scrutinises the
results. You can take any course and look at the risk factors (scale of 1-3) and see whether the course is at risk in
any way. Student evaluation data is also integrated into this system. As an example of a risk factor, declining
class numbers (enrolment) are tracked.

Academics at a supervisory level in each school regularly reviews the Tableau® reports to evaluate risk for each
school. In an example mentioned during an interview, a course was shown that was not attracting particularly
high enrolments at the current semester. Instead of having only intuition to go on, data could be used to determine
the root cause of this drop in enrolments. Student evaluations of teaching and learning were loaded into the
Tableau® software along with other markers providing data on the current situation. Staff in the Learning
Analytics department could drill down into different areas to get more detailed data on all elements of the course.

At University Two, based on examination of previous student behaviour, predictive data analytics was used to
interrogate the database and identify patterns. “You then bring that into the moment and go ok, | now understand
the student journey in my course a whole lot better cause | know where they drop off and where they fail. So what
| do is put in a series of automated outreach recommenders to those students and then | can use the analytics to
monitor the effect of those. | send a recommender to do some more work on getting ready for the assignment and
1 note that 60% of them pick that up and ran with it. I note that 40% didn’t so then I have a triage model and 1
get my second recommender goes to that 40%.” (University two participant).

Benefits, Limitations and Challenges of Learning Analytics implementations

Interview participants in the three university case studies were asked about their experiences of learning analytic
benefits, limitation and potential challenges. In summary, participants recognised the following benefits from
learning analytics:

e Increased data literacy of staff, allowing the formulation of optimization strategies

e Evidence-based practice that generates reliable/usable data
e Data-driven decision making, i.e. quantitative management of student learning
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Observing what enhances learning and what detracts from learning

De-privatising the classroom which can be an uncomfortable conversation

Greater accountability on the lecturer and transparency of the conduct of courses
Improved enhanced student experience of the course

Quality assurance at the institutional level

Potential to link artificial intelligence to the analytics to automate/optimize the process.

Regarding limitations, the participants felt that the benefits outweighed the limitations by a big margin. Overall,
participants mentioned the cautions of being on the web, for example security issues, would be applied to learning
analytic implementations. A major theme across the three university case studies was the idea of uninformed
inferences. Educators need to be careful what they infer from learning analytic data (. An interview participant
notes that just because a student is logged on to a LMS doesn’t mean they are engaged in the course material “It
is like mistaking the leaves for the wind. Measuring the movement of the leaves but the wind is something
different.” The information might be misinterpreted in misleading ways due to not understanding the implications
of making uninformed inferences.

In terms of challenges, the issue of technology acceptance and resistance was highlighted amongst participant
interviews. “Staff get caught in the headlights very quickly. Show them a dashboard and they go .... It is like oh
my god. What does all this mean?”” (University one participant).

Using data to support learning is a new way of thinking, one which calls for a new set of skills to look at a set of
data and derive useful information from it. The major challenge mentioned by staff at University One is that they
are busy and do not have time to look ponder over the data. This would seem to indicate that most of University
One’s teaching is based on a delivery model rather than a feedback model. Also, at University One, there is not
a culture of continuous feedback and improvement. People feel they are time poor and do not see a clear benefit
in investing time and effort in wrangling the data on the possibility of getting something worthwhile from it. The
way forward is not clear, so further effort is deferred.

According to University One, the perception among staff interviewed is that the success of Learning Analytics
implementation is dependent on upper management sponsorship and the provision of scaffolded implementation
strategies, that is to say ready-made templates that can be customised and deployed with relatively little effort.
Success will be contingent on senior executive facilitating efficient ways of using the Learning Analytics
technology. Success will therefore depend on who is in those senior positions.

Discussion

These are the “early days” of learning analytics (LA) in higher education. Optimized ways of using Learning
Analytics are evolving in cycles of continuous improvement and doing so uniquely at each university. We note
that each is evolving their own style in the absence an external, consensus-driven standard for how Learning
Analytics can or should be used. This is a “double-edged sword” in the sense that the absence of standards is
making it difficult to know how best to proceed, but it also opens up the field to a great many possibilities for
those with energy and imagination.

The current situation favours proprietary platforms like Tableau®© if said producers offer an off-the-shelf,
customizable service that delivers real value in a user friendly way. We are likely to see more competition in this
field, given the size of the higher education sector and the imperative to attract students.

The experience in University One shows that participants see potential in Learning Analytics but are not at all
sure about how best to derive it. Given busy work schedules, the necessary trial and error effort over an extended
period is likely to be a bridge too far for many course convenors. University Two is using their proprietary
platform in constructive ways that demonstrate the effectiveness of their approach. University Three is pursuing
a course-by-course strategy that is delivering value but in the less predictable manner than that seen with
University Two.

One thing is clear, digital interventions such as learning analytics can do much to improve and inform teaching
and learning practices. But it needs to be systematized for easy implementation, and must deliver tangible benefits
over time.

This research expands the scope of use for Delone and McLean model as a descriptive tool. More in-depth
qualitative research is needed to investigate this topic to gain a more high-resolution view of the situation. We

ASCILITE 2019 Singapore University of Social Sciences 89



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

note that in a review of 180 academic papers utilizing the Delone and McLean model, only four were qualitative
studies (Petter, Delone and McLean, 2008). While Learning Analytics is concerned with the quantitative
management of the teaching and learning process, quantitative studies are useful for understanding those “soft”
factors like culture that are difficult to quantify but are nonetheless important.

Conclusion

While Learning Analytics is in its infancy, it nonetheless has an important role in the on-going improvement of
the teaching and learning field. As a priority, Learning Analytics must seek to provide the benefits of improved
user satisfaction. Petter, Delone and Mclean (2008) suggest that higher levels of user satisfaction are indicated
by more frequent and intensive system use. We conclude that increased net benefits, as seen in the Delone and
McLean model, can be derived from using Learning Analytics leading to higher levels of user satisfaction.

Analysis of the data suggests that when conducting research in the area Learning Analytics one should clearly
define what is meant by that term in view of there being different interpretations. Universities could implement
Learning Analytics systems that are either student facing or academic facing. The stakeholders and implications
for Learning Analytics design will be different with each scenario. It should also be noted that the term Learning
Analytics is an umbrella that covers many different systems. Learning Analytics is also frequently used to identify
at-risk students as well as being used in a “recommender” capacity. These are among the first uses universities
attempt when implementing Learning Analytics systems. This research has also shown that the benefits outweigh
the challenges in terms of implementing Learning Analytics to improve teaching and learning.

While the Delone and McLean model was considered in the collection of data for this research study, more specific
research will be performed to examine specific elements from the model using a qualitative lense. The researchers
plan to revisit the case study universities and explore in greater depth the concepts around functionality, use and
intention as related to learning analytics. As the Learning Analytics implementations were in their preliminary
stages of implementations, it will be instructive to revisit and examine issues such as functionality once the
systems have been in place for some time.
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The value of student attendance at face-to-face classes, as
part of a blended learning experience

Charlotte Clark Ger Post
The University of Melbourne The University of Melbourne
Australia Australia

eLearning can create more flexibility for students; more efficiently utilise infrastructure; and
can provide high-quality learning at scale. We have investigated perceived value and learning
gains associated with online (eLearning) and face-to-face (f2f) components of a blended
learning experience. We hypothesised that individual student preference for eLearning and f2f
learning would be variable but that participation in f2f learning opportunities would enhance
student learning. Using a design-based research approach, we have evaluated blended learning
with interactive eLearning materials, and a collaborative, active f2f class. We have combined
qualitative evaluation survey data and quantitative f2f attendance data and student grades.
Students overwhelmingly value active learning, both within eLearning materials and f2f
classes. Final marks positively correlate with the number of f2f classes students attend.
Analysis of a subset of intended learning outcomes (ILOs) shows that students who access the
eLearning materials independently and students who attend the f2f class perform equally-well
in ILO-related assessment tasks; however, students are more likely to choose an assessment
task directly-related to a class they have attended. We suggest that attendance at f2f classes as
part of a blended learning experience is beneficial however students can sufficiently obtain
selected ILOs from engaging eLearning materials.

Keywords: Blended learning; eLearning; student attendance

Introduction

This study explores the value (perceived and actual) of attendance at face-to-face (f2f) classes as part of a blended
learning experience. Students are increasingly requesting more flexible study options, including the ability to
engage with learning online due to inability to attend f2f classes (Brown, Davis, Sotardi, & Vidal, 2018; Norton
& Cakitaki, 2016). Many major universities, including The University of Melbourne, are adopting teaching and
learning strategies that require their educators to provide fully online and blended learning opportunities (FlexAP
project, https://about.unimelb.edu.au/teaching-and-learning/innovation-initiatives/pedagogy-and-curriculum-
innovation/flexap-project). Here we have utilised a design-based research approach to evaluate changes made to
a blended second year undergraduate cell biology course.

Early definitions of blended learning refer to a blend of asynchronous text-based online material and synchronous
f2f learning (Garrison & Kanuka, 2004), but as technology has evolved, so too has the definition (Sharpe,
Benfield, Roberts, & Francis, 2006). Further descriptions of blended learning introduce the concept of ‘strong’
and ‘weak’ blends, depending on the amount of eLearning and also discuss the variable media and activity blends
available (Littlejohn & Pegler, 2007). The Joint Information Systems Committee (JISC) define blended learning
as “a combination of face-to-face learning and dynamic digital activities and content that facilitate
anytime/anyplace learning” (Hibberson & Barrett, 2017). We define blended learning as requiring two key
components: a f2f component that must occur synchronously; and eLearning that can be accessed asynchronously.
It is of course possible for students to form study groups and access online material synchronously and in groups,
but here we assume that the majority of our students access online materials independently and asynchronously.

The JISC definition refers to “dynamic digital activities”. Based on the Oxford definition of dynamic
“characterised by constant change, activity, or progress” (Lexico Dictionary
www.lexico.com/en/definition/dynamic), we believe that this could be interpreted in at least two different ways:
i) that the digital activities are variable within and between learning sessions and between subsequent iterations
of the same learning session with different cohorts; and ii) that the digital activities themselves are interactive and
require elements of active student participation. We believe that both of these aspects of the definition of
‘dynamic’ are valid and in designing our digital activities we have included a range of different activities, chosen
to best support attainment of ILOs, and to encourage student learning in different ways; and many of the activities
themselves are also interactive rather than being static and predominantly didactic in nature. In the blended
learning that we describe in this paper, attendance at the f2f classes is not compulsory and many students are
unable to/choose not to attend the f2f classes. We also understand from personal communication with current and
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previous students that many students prefer online learning while other students prefer f2f learning. This led us to
question the value of these f2f classes. Specifically, we are interested in investigating the following: How do
students value the f2f and online components of the subject and how does each component support student
learning? If students do not see value in f2f classes and these do not further support their learning, we should
consider whether these classes are necessary. Conversely, if these classes significantly enhance student learning,
regardless of whether students see value in them, perhaps attendance at these classes should be further encouraged
or mandate.

Active learning takes a constructivist approach to learning whereby students learn through active participation
rather than passive transmission (Freeman et al., 2014; Waldrop, 2015). A key aim of active learning is to increase
‘deep’, transformative learning that can change learners perception of the world and develop new representations
of knowledge (Biggs & Tang, 2007; Entwistle & Ramsden, 1983; Marton & Saljo, 1976; Prosser & Trigwell,
1999). We therefore define active learning as that in which students do not passively ‘absorb’ information, but
actively develop their understanding and practice application of knowledge and skill through interactive learning
activities, discussion with their peers and teaching staff and ultimately learn through a process of discovery.
Examples of active learning include: group problem-solving; completing worksheet activities; participation in
tutorials; answering ‘clicker’ questions or in-class polls; participating in peer instruction; and participating in
workshops (Freeman et al., 2014; Matsushita, 2017). There is little debate that active learning is beneficial and
should be included where appropriate (Chickering & Gamson, 1987; Freeman et al., 2014; Waldrop, 2015).

Active learning is often combined with ‘flipped classroom’ (EDUCAUSE, 2012) such that pre-class materials
must be studied by students at their own pace before attending an active learning class in which students engage
in discussions with teachers and peers. Although research on flipped classrooms is still in a nascent stage
(DeLozier & Rhodes, 2017) it has been argued that the method is particularly beneficial to students whose
performance in traditional educational environments is impaired (Du, Fu, & Wang, 2014). A key element of active
learning that we took advantage of in both our online and f2f components was interactive knowledge checks
within the online material, as flipped classrooms have been shown to increase attainment of learning outcomes
when quizzes are included in their design (van Alten, Phielix, Janssen, & Kester, 2019) and several studies have
shown that practice tests improve learning (Butler & Roediger, 2007; Cranney, Ahn, McKinnon, Morris, & Watts,
2009; Vojdanoska, Cranney, & Newell, 2009). As it has been reported that practice testing with feedback
consistently outperforms practice testing alone and protects against perseverance errors, we ensured that all
knowledge checks provided students with formative feedback (Dunlosky, Rawson, Marsh, Nathan, &
Willingham, 2013).

We therefore acknowledge the significant potential to maximise student learning through the use of both blended
and active learning strategies. Based on our definition of blended learning, both the online and f2f components
can be inherently ‘active’ and as such our blended learning could be described as active blended learning. Here
we describe an intervention in which the use of active learning strategies was increased in both online and f2f
components of a blended course and evaluate these changes in an attempt to differentiate between the value
provided by the active online learning opportunities and the active f2f learning opportunities

A design-based research approach

Design-based research is a relatively new but well-established methodology which combines “empirical
educational research with the theory-driven design of learning environments” (The Design-Based Research
Collective, 2003). More recently, ‘design thinking’ (Elliott & Lodge, 2017) has emerged as a key theme in
“Visions for Australian Tertiary Education” (James, French, & Kelly, 2017). A framework has been developed
that places educational design research along a continuum of the design process: from analysis and exploration of
a pedagogical issue and context; to design and construction of an intervention; and finally to evaluation of and
reflection on this intervention and implications to the broader context (Kopcha, Schmidt, & McKenney, 2015;
McKenney & Reeves, 2018). A comprehensive review of undergraduate student experience of blended eLearning
has highlighted the requirement to “use blended learning as a driver for transformative course redesign” (Sharpe
etal., 2006, p4). These recommendations encompass a design-based research approach, reminiscent of that which
we have utilised here. Here, we focus predominantly on the design and delivery of an intervention required to
address changes in infrastructure and analysis of preliminary empirical evidence collected to evaluate this
intervention.

We have designed and implemented changes to a second-year cell biology course, with approximately 120

students, at a large Australian University. The course is taught through lectures and ‘computer-aided learning’
(CAL) classes, this study focuses solely on the CAL classes. Due to an upcoming change in learning management
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system (LMS), existing CAL el earning materials were required to be redeveloped in a new platform. In addition,
infrastructure changes enabled the f2f CAL classes to be relocated from a 1:1 (student:computer) computer lab to
a brand new, purpose-built collaborative learning space (Figure 1). The CAL eLearning materials were originally
designed to be accessed by students individually in the 1:1 CAL lab. The building change and changing student
demographics, specifically an increase in student ‘BYOD’ (bring-your-own-device) has decreased the necessity
to provide timetabled teaching in CAL labs and a global shift toward collaborative active learning has identified
the opportunity for these eLearning materials and the associated f2f classes to be redesigned. Attendance at CALS
is not compulsory and attendance rates have progressively declined over the past years (personal observation).
We wanted to make optimal use of the new collaborative learning space and create more engaging elLearning
materials. We hoped to encourage student attendance by providing a valuable f2f learning experience but also to
provide an active, solely online learning experience for students unable to attend the f2f classes.

There are eight CALs for this subject (CAL1-CALS8) and changes were progressively introduced across the
semester. In an attempt to minimise the impact on teaching staff and to mitigate student expectations we
implemented a ‘soft’ transition, whereby more minor changes were introduced this semester with an aim to
iteratively make further developments over subsequent semesters. The developments we have introduced and
evaluated so far are:

1. redesigning pre-class and f2f eLearning materials in a new software package;

2. moderately increasing the amount of pre-class (‘flipped”) eLearning; and
3. moderately increasing the amount of f2f active learning.

A. Traditional ‘computer-lab’ format

YY)

B. Collaborative learning space format

Figure 1. Schematic representation of two learning spaces.

A. Traditional ‘computer-lab’ format. The main interactions occur between individual students and eLearning
resources on fixed computers; some inter-student interactions occur. B. Collaborative learning space format. Fully
blended interaction occurs between students, tutors, fixed computers and various students’ ‘bring-your-own-
devices’ (BYOD).

We chose to redevelop the eLearning material in Articulate Rise (Articulate 360, Articulate Global, Inc. 2019) as
this facilitated inclusion of various design elements that we believed would make the material more interactive,
accessible, responsive and ultimately enhance student learning. For example, the software allowed us to
implement different ways for students to engage with the material, from activities in which students had to
categorise information (sorting activities) to exercises in which they could click on interactive images to receive
more information (hotspot activities) and activities in which they had to connect concepts to their definition
(connecting activities). The original CAL eLearning materials contained some interactivity, but we extensively
increased the number of interactivities in the redeveloped eLearning materials. To illustrate this, the number of
interactions increased from 53 to 112 in eLearning materials for CAL7.

In CAL7Y we utilised a team-based learning (TBL) approach for the f2f class. TBL is a structured form of active,
small group learning that has been shown to enhance mastery of course content (especially for students in the
lowest academic quartile) (Koles, Stolfi, Borges, Nelson, & Parmelee, 2010), and can be scaled up for
implementation in large classes (Michaelsen, 2002; Parmelee, Michaelsen, Cook, & Hudes, 2012; Rajalingam et
al., 2018).
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TBL consists of various phases (Michaelsen, 2002; Parmelee et al., 2012). Here we describe the key phases as
performed in our classroom. In the preparation phase, students work through pre-class materials, in our case an
eLearning module introducing the most important concepts and methods to study cell proliferation and the cell
cycle. The f2f phase commenced with an individual Readiness Assurance Test (iRAT), consisting of ten multiple
choice questions (MCQs) related to the pre-CAL eLearning. This was then immediately followed by the team
Readiness Assurance Test (tRAT). Student groups answered the same ten MCQs, but this time utilised peer
instruction and discussion to come to a consensus on their answer. We developed a bespoke tool in Qualtrics
which enabled the provision of immediate feedback on incorrect submissions until the correct response was
discovered and included a scoring system that added an element of gamification to the activity. In the third f2f
phase, the team Application (tAPP) students applied their learning to a series of research-based case studies.
Various online tasks were created to accompany student progression through these activities including posting
images of a graph of expected results from an experiment through Padlet and responding to MCQs via
PollEverywhere. As student groups submitted their responses to these activities, class wide discussions were
conducted, and students were encouraged to defend or explain their responses. The best discussions occurred
when there were conflicting opinions about the correct answer and indeed the questions and answers were
designed to encourage debate rather than to represent ‘correct’ and ‘incorrect’ answers. In many cases all answers
were valid, and we believe the most powerful learning took place when students realised that there were strengths
and weaknesses to all options.

We have initially examined student opinions of all eight CAL classes and have examined the correlation between
attendance at CAL classes and final scores. We have then conducted a more focused analysis on CAL7 to compare
the value of the active eLearning material and participation in the team-based active learning tasks in terms of
perceived learning and demonstration of intended learning outcomes (ILOSs) in constructively aligned summative
assessment tasks. Qualitative data analysed were anonymous student evaluations of the course. Data were obtained
from online and paper-based questionnaires, transcribed and imported into NVivo for coding and memoing. Data
were progressively coded to identify key themes and then calculate coverage of relevant comments by the key
themes. Specific quantitative data analysed were student LMS access dates; f2f class attendance records; mid-
semester test scores; end of semester exam question item analysis; and final subject scores. These data were
collated in Excel and statistically analysed in GraphPad Prism 8.1.2 (2019). This research study was approved by
the University of Melbourne School of Biomedical Sciences Human Ethics Advisory Group (Ethics ID:
1953765.1).

Results

To gain an overall impression of the benefit of attendance at CAL classes we conducted an analysis of student
final marks and correlated these to the number of CAL classes they attended. We see a modest positive correlation
with students who attend more CAL classes scoring higher final marks (Figure 2).

Final mark correlated to CAL attendance
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Figure 2. Attendance at CALs is correlated with significantly higher final marks.
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Individual final marks (y axis, %) are plotted against the total number of CALs that students attended (x axis).
Linear regression demonstrates that the slope of the line of best fit (slope=2.5, R2=0.1292) is significantly positive
(p=0.0002) demonstrating a positive correlation between CAL attendance and final mark.

CALY7 followed a team-based learning (TBL) format and was formally evaluated to determine student opinion
and impact on learning. In an end-of-semester subject evaluation students were asked: “Which CAL module
assisted your learning the most and why?”. Some students mentioned more than one CAL, but out of the eight
CALs for this subject CAL7 was most frequently mentioned (n=26 students). The reasons students provided were
subjected to a coded analysis and five major themes emerged: content; integration; interactivity; engagement; and
team work (Table 1). When asked “Which CAL module assisted your learning the least and why?” only 5 students
mentioned CAL7. Together these data suggest that overall, CAL7 was well designed and delivered and
contributed positively to students’ self-reported learning.

Table 1: Aspects of CAL7 that students self-reported helped their learning the most.

Theme Details and student quotes (in italics) Number of mentions /
% text coverage

Content Information; topics; concise; thorough and detailed; pre- | 16 / 42.4%
CAL; related to lecture material; able to be self-taught;
layout; clear explanations; diagrams; extensive and
informative.

“The CALs tied specifics together.”

“The CALs were a good source for me to review and revise
all the content which I learn in lectures.”

Integration | Consolidation; relationship to prior knowledge, “bigger | 8/27.0%
picture”.

“The CALs were great, almost like forced revision, really
consolidated learning.”

Interactivity | Interactive; application; questions; workshop dynamic. 8/16.8%
“The CALs resulted in my deepest learning in general. The
interactive format and in-depth content explanations
worked very well.”

Engagement | Fun; interesting; engaging. 4/8.0%
“I enjoyed the CALs and interactive style.”

‘The CALs were the most beneficial as they were
particularly engaging and fun to go through.”

Team work | Team-based learning; incentive to participate; talking with | 4 /5.8%
peers; group-work.

“[...] learning it together with my friend clarified my
understanding and stimulated my learning more.”

Given that students reported that they felt that CAL7 helped their learning the most out of any of the CALs, we
were interested to explore this in more detail and so conducted an intended learning outcome (ILO)-based
evaluation of constructively aligned assessment tasks. We analysed student scores in a mid-semester test directly
related to CAL7 and scores in a final exam question that assessed concepts and skills covered in CAL7. We were
interested in evaluating the performance of students who attended the f2f class and participated synchronously
(‘Attend’) and students who accessed the eLearning materials independently and asynchronously (‘Async’). We
also examined the performance of students who did not attend the f2f class or access the eLearning materials (‘No
access’, as determined by LMS analytics). Students who attended CAL7 and students who accessed the CAL7
eLearning materials asynchronously achieved a significantly higher CAL7-related mid-semester test score
compared to students who did not attend the class and who did not access the eLearning materials (Figure 3A).
Interestingly, we saw no significant difference in CAL7-related mid-semester test scores between students who
attended the f2f class and those who accessed the eLearning material asynchronously and independently. We also
conducted a similar analysis of student scores in a final exam question directly related to CAL7 ILOs. Students
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who attended or asynchronously accessed the CAL7 eLearning material performed slightly, but not significantly,
better than students who did not access the CAL7 eLearning materials (Figure 3B). These data suggest that the
summatively assessed ILOs can be obtained through interaction with the eLearning materials and that there is no
added benefit to students in attending the f2f class, in terms of directly-related ILO attainment.

A. CAL-related mid-semester test scores

Fkokokok
[ 1
*¥kkk B. CAL-related exam question scores

. 40+ J |
g > & 1 e
= L 4 ™
Py o ° N (4 00%,%
o = 904 NN
§ 30 o 20 - +
» o ] (] o%® ® 9
k7 .9 ..:.. @ 15+ ". —
@ c ®
T 207 ° 3 S o %
[} -t
? ° 30 8 10 ° d °
[ ° =] [ ]
£ 10 g °
7] & 97
Z &
=

0 T T T 0 T T T

Attend Async No access Attend Async  No access

Figure 3. Students who attended CAL7 or accessed CAL7 asynchronously perform better in the CAL7-
related mid-semester test compared to students who did not access the CAL7 eLearning materials.

A. Students who attended CAL7 (‘Attend’, median=32/40) and students who accessed CAL7 asynchronously
(‘Async’, median=30/40) performed better than students who did not access the CAL7 eLearning materials (‘No
access’, median=20/40), in a mid-semester test assessing ILOs specific to CAL7 content (p<0.0001). There is no
statistically significant difference in performance between the ‘Attend’ and ‘Async’ groups. B. Students who
attended CAL7 (median=19/25) and students who accessed CAL7 asynchronously (median=20/25) performed
slightly, but not statistically significantly, better than students who did not access the CAL7 eLearning materials
(median=15/25), in a final exam question directly related to CAL7 content (p=0.0507). Kruskal-Wallis test with
Dunn’s multiple comparison test.

While we didn’t see a difference in median CAL7-related final exam question scores between CALT7-attendees,
CAL7-asynchronous participants and students who did not access CAL7 we noticed that there were fewer students
in the ‘Async’ and ‘No access’ groups who answered the CAL7-related exam question compared to the ‘Attend’
group. We therefore did a subsequent analysis of this observation.

The final exam was divided into three parts: a 20-mark MCQ section; a 40 mark (4 x 10 mark) short answer
question section; and a 50 mark (2 x 25 mark) long answer question section. Students were required to answer all
questions in Parts A and B, but Part C comprised four questions, of which students had to choose two to answer.
Given that we saw no significant difference in scores for the CAL7-related Part C exam question we further asked
whether attendance at CAL7 impacted the tendency of students to select the CAL7-related question. 48 students
attended CAL7 and of these 30 (62.5%) chose to answer the CAL7-related exam question. 42 students accessed
CALY7 asynchronously and of these 21 (50%) chose to answer the CAL7-related exam question. Finally, 22
students did not attend CAL7 or access CAL7 eLearning materials and of these, 6 students (27%) chose to answer
the CAL7-related question. Given the available choices, there is a 50% expected chance that any student will
answer any given question. Thus, there is a significantly higher percentage of students who attended CAL7 and
chose to answer the CAL7-related exam question (p=0.0104, two-tailed binomial test). The number of students
who chose the CAL7-related exam question and accessed CAL7 asynchronously fits with the expected distribution
of 50% and unsurprisingly, students who did not access CAL7 materials were less likely to choose the related
exam question (p=0.0059, two-tailed binomial test). These data suggest that students who attended CAL7 and
were therefore able to discuss the material with their peers and tutors and who were able to participate in the team-
based learning component of the active learning class may be more confident in selecting an exam question related
to this material.
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Discussion

Using a design-based research approach, we designed and delivered blended learning with interactive pre-, f2f
and post-class eLearning materials. Our evaluations suggest that students valued the interactive learning activities
both in the eLearning material and the active learning activities in f2f class. Moreover, student final marks
positively correlated with the number of f2f classes students attended. The class that most students identified as
best supporting their learning was CAL7. We have undertaken further analysis of this class, which utilised a
significant proportion of ‘flipped’ pre-class eLearning content and a team-based learning (TBL) f2f active learning
structure. Our data show that students who attended the f2f class and students who accessed the eLearning
materials independently and asynchronously performed equally-well on assessment of CAL7-related ILOs in a
mid-semester test. Students who did not access the eLearning material performed worse on average, than students
who attended the f2f class and students who worked on the eLearning independently and asynchronously. We
also found an effect of f2f class attendance on students’ choice to answer a specific exam question, in that students
who attended the CAL7 f2f class were more inclined to answer an exam question directly related to the CAL7
class they attended. These data suggest that while the content can be taught and learned via the eLearning
materials, students gain more confidence in their knowledge and skill by participation in the f2f active learning
components of the class.

There is a push to move more learning opportunities online to facilitate flexibility for students in terms of what
and when they can study. We must make a decision as to whether it is appropriate to offer this subject solely
onling, if it should continue to be offered as a blended subject with non-compulsory attendance at f2f sessions or
whether attendance should be mandated. Others have shown that attendance at classes positively correlates with
scores (Devadoss & Foltz, 1996; Oldfield, Rodwell, Curry, & Marks, 2017). Our preliminary data support this
observation. At an individual class-level (CAL7), despite students self-reporting that CAL7 helped their learning
the most, we do not observe any significant learning gains in students who attended the f2f class versus students
who accessed the eLearning materials asynchronously and independently. This demonstrates that we achieved our
aim of creating engaging eLearning materials that benefit students equally, whether they are able to attend the f2f
class or whether they access these materials independently and asynchronously. However, given that we show
that the average final score is higher depending on how many f2f classes students attend, this could suggest that
there is a collective benefit to students in attending a series of CAL classes. Reasons for this may include
development of confidence in working as part of a team over the semester as well as increased subject-specific
mastery due to more content engagement. We also question whether it is possible to replicate any advantages of
attendance through engagement with an online classroom, for instance via a discussion board, synchronous video
conferencing or other digital methods. These are ongoing areas of interest to us and we will further investigate
this in future iterations of this subject.

While we show that student final marks tend to be higher with higher levels of CAL attendance, at an individual
CAL class level analysis of ILO attainment we show that attendance at CALSs is not beneficial in and of itself.
This could of course be due to the fact that more able students may be more likely to attend classes. A positive
relationship between prior grade average and class attendance and performance has been found previously
(Devadoss & Foltz, 1996), and this is indeed an area that warrants further investigation. This could be further
investigated by exploring the reasons that students don’t attend classes. But there is no evidence from our
qualitative surveys that suggests that students don’t attend classes because they are intimidated or feel less able.
The most common reasons are logistic: long commute times; clashes with other subjects; and clashes with non-
study related commitments (e.g. part-time work, caring responsibilities) which is in line with previous findings
that working more hours in paid employment, having more social life commitments, and facing coursework
deadlines were, among other factors, predictors of poorer attendance (Oldfield et al., 2017).

One reason that students’ performance was similar after the f2f class and after accessing the elLearning
independently and asynchronously, may have been the fact that the mid-semester test and final exam questions
asked students to remember, understand and apply knowledge, while TBL may also be effective to foster learning
in higher levels of Bloom’s Taxonomy (Allen et al., 2013; Anderson, Krathwohl, & Bloom, 2001). Moreover,
students sat the exam and mid-semester test individually and the questions were more likely related to individual
aspects of the students’ learning, while the f2f classes, and the TBL-class in particular, were team-based. In future,
we aim to shift the focus from individual assessment to the assessment of groupwork and we expect students who
attend f2f classes to perform better on this type of assessment.

We saw a statistically significant difference between the mid-semester test marks of students who attended CAL7

or accessed the CAL7 eLearning materials independently and asynchronously. Data from a CAL7-related exam
question showed a similar trend but the differences were not statistically significantly different. As mentioned
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above, one reason for this could be the variable group sizes as a result of skewed student selection of this exam
question based on whether students attended the CAL class or did not access the eLearning materials at all.
Another area to consider is the short-term versus long-term benefits of the learning intervention as it has previously
been shown that TBL may induce short-term learning gains which do not persist in the long-term (Emke, Butler,
& Larsen, 2016). The CAL7-related mid-semester test occurred earlier than the final exam, so the learning gains
we observed in mid-semester test scores may reflect a short-term increase in student learning that is not retained
over a longer timeframe.

Our findings support the further development and evaluation of interactive and active blended learning. One
specific aspect we will focus on in the future is assessment reform and shifting the focus from individual to group
assessment and from lower to higher order skills on Bloom’s Taxonomy. Although our results show promising
support in favour of fully online courses, it is also clear that the f2f interactions can significantly enhance student
experience, which is key at the undergraduate level as students develop their self-regulation skills.
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Using discussion forums to support continuing education
of workplace learning supervisors: enabling a community of
practice

Deb Clarke
Charles Sturt University
Australia

Workplace learning (WPL) supervisors play a significant and fundamental role in enhancing
university students’ experiences during their placements. Supervision is a multi-faceted and
complex interpersonal and professional activity, which requires continued education to ensure
contemporary knowledge, practice and capacity. Increasingly universities are viewing the
offering of continued education for industry supervisors as an aspect of their mandate. This
research reports on the design, facilitation and evaluation of an online learning module,
supported by an asynchronous discussion forum aimed at building capacity of WPL
supervisors, and developing cross-disciplinary WPL relationships.

Using a mixed method approach, data were gathered using crude statistical measures including
frequency counts of discussion postings, layered with thematic analysis of supervisors’
postings to weekly learning activity stimuli. The results of the research illustrate the powerful
opportunities for continued education offered by participation in a purposely designed and
supported discussion forum. Participants felt empowered, supported by their online colleagues
and enlightened by their enhanced awareness of others’ practices and perspectives.
Participants’ capacity to further disseminate their embellished understandings of WPL
supervision bought to the fore the far-reaching possibilities of discussion forum use in building
professional communities of practice and professional capacity.

Keywords: asynchronous, community of practice, continuing education, discussion forum,
online learning, professional learning, workplace learning

Introduction

Workplace learning supervisors play a significant and fundamental role in enhancing university students’
experiences during their placements (Rowe, Mackaway, & Wincester-Seeto, 2012). While the role of the
workplace supervisor could be primarily viewed as being the eyes of the university in monitoring, administering
and observing the student, it is important to consider that supervisors offer far more. Supervision is a multi-faceted
and complex interpersonal and professional activity, as the WPL supervisor “facilitates exposure to authentic
experiences, provides a role-model and enables the student to find the potential for learning in their experiences”
(Rodger, Fitzgerald, Davila, Millar & Allison, 2011). Thus, quality supervision is central to students gaining a
positive and valuable workplace experience (Cooper, Orrell & Bowden, 2010). Given the multitude of
responsibilities which encompass the supervisor’s role, the question must be raised: Can supervisors effectively
fulfil these roles without support and professional development? Thus, for universities, ensuring WPL supervisors
are aware of the complexity of their roles and responsibilities is crucial (Patrick et al., 2008), and brings to the
fore the call for supervisors to participate in continued professional learning related to supervision.

In order to support quality workplace learning supervision, a WPL academic in an Australian regional university,
designed an online learning module offered as continued professional education to WPL supervisors across all
health industries/professions. The module design was deliberately framed by Lave and Wenger’s (1991)
communities of practice concepts: joint enterprise, shared repertoire, and mutual engagement. The principal aim
of the module was to build capacity of WPL supervisors, by providing a communal learning space for the
development of cross-disciplinary WPL relationships, knowledge sharing and collaboration. To support the
module, an asynchronous discussion forum was used as a tool to gather participants with differing levels of
experience and competence, and act as a space in which reflection on practice could be made visible. As evidenced
in the literature, discussion forums “facilitate reflective thinking as multiple perspectives and individual reasoning
are made explicitly visible among groups of peers” (Lee-Baldwin, 2005, p. 94).

The module introduced an Australian regional university’s industry supervisors to the expectations, roles and
responsibilities of the placement supervisor, and offered opportunities for engagement with contemporary
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literature and resources to enhance their supervisory knowledge and capacity. Furthermore, by using a technology-
enabled discussion platform, supervisors who were geographically dispersed throughout Australia were provided
with an asynchronous dialogic space in which to share their experiences, stories, and histories of supervision, and
offer ideas and solutions for negotiating the challenges associated with workload, modelling, reflection,
debriefing, relationship building and dealing with ‘difficult’ students. The framework used in this research can be
applied to a multitude of disciplines and global contexts.

The Modules

Conceptual framing: Communities of practice

As defined by Etienne Wenger, Communities of Practice (CoPs) are “groups of people who share a concern or a
passion for something they do and learn how to do it better as they interact regularly” (https://wenger-
trayner.com/introduction-to-communities-of-practice/). In order to operate and identify as a CoP, three
characteristics are crucial: i) domain, ii) community; and iii) practice. In a CoP, the domain refers to the
commitment that participants have to a joint enterprise such as a task or aspect of knowledge, for example quality
WPL supervision. As the community pursue their interest in the domain, they form relationships which evoke the
sharing of information, challenges, solutions and expertise, resulting in mutual engagement. The CoP members
learn to trust and support each other, and this sense of community promotes openness, discussion and provides
conditions for reciprocal learning between members. The third characteristic, practice, refers to ways of doing the
tasks within the domain of interest. The CoP participants develop a shared repertoire of resources: their WPL
histories, stories, rituals, ways of dealing with issues, resulting in socially-constructed knowledge and shared
competence. Framed by these concepts, the modules were designed to be intrinsically motivating, link to authentic
workplace practice, provoke participant responses and promote interdisciplinary engagement (Verenikina, Jones
& Delahunty, 2017).

Module content

Informed by the university’s online pedagogical framework that includes the elements of learning communities,
interaction between students, interactive resources, flexible and adaptive learning, and interaction with the
professions, the WPL modules comprised 10 learning activities including:

My experiences of workplace learning;

Defining workplace learning;

What makes workplace learning unique?

Good practice principles;

Ensuring quality workplace learning;

Roles and responsibilities;

Building relationships;

Professional and practice-based standards; and

Personal reflection and evaluation of workplace learning.

©CoNoOR~LNE

Figure 1 illustrates an example of the module weekly learning outcomes and activities.
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Defining Workplace Learning

@ Learning outcomes
O

This week we will investigate definitions of workplace learning and introduce you to the features that
characterise workplace learning.

» Define workplace learning from a personal perspective;
* Investigate CSU’s definition of workplace learning; and
* Compare definitions of workplace learning with others.

Learning Activity 2:

My understanding of workplace learning

* Take a photo of an example of CSU student/s participating in WPL or a workplace supervisor
organising/assisting to prepare for WPL, OR describe a time when you were supervising a CSU student in
the workplace.

There are no right or wrong answers, just what you think defines WPL.

* Read several other participants’ descriptions of WPL and make note of the similarities and differences
between your description and others’.
* What are the key or recurring terms or phrases that appear in the descriptions?

Discussion Forum

* Post your photo on the Discussion Forum, and describe YOUR understanding of WPL.
¢ Add to your description of WPL, based on your reading of others’ posts in the Discussion Forum.

Figure 1: Example of module learning activities

In general, learning activities were introduced with a scholarly narrative, supported by stimulus material such as
contemporary literature or media. These inclusions acted as springboards for reflection and interaction between
module participants. Scaffolded learning activities, including retrieval templates, sensory charts, and guided
discussion questions, assisted participants to gather their thoughts in response to the stimulus material, reflect on
their contextual experiences, and respond to the probes/prompts. The time commitment involved for supervisors
was approximately 90 minutes - 2 hours per learning activity, except for week 1. At the completion of the modules,
supervisors who had posted responses to all 10 learning activities were issued with a certificate of participation.

The Discussion Forum

Technological Framing

An asynchronous discussion forum was selected as a pedagogical tool as it offered a range of affordances for the
intended cohort. As the workplace learning supervisors were predominately employed full time, often engaging
in shift work, the ‘a’-synchronicity provided flexibility and convenience for the individual users. In addition, as a
regional university with geographically-dispersed industry partners and campuses, the asynchronous nature
allowed supervisors to actively engage despite differences in time zones. In essence, the discussion forum created
a space in which all supervisors could participate by posting, which allowed their ideas, opinions and perspectives
to be ‘heard’ by their colleagues. The requirement to respond to others’ posts, represented the act of listening and
acknowledging hearing what was posted: much like a ‘head nod’ in a face-to-face interaction.

Using a simple technology such as a discussion forum, catered for a diversity of participants to engage in continued
professional learning without fear of navigating complex technologies, or relying on availability of, or access to,
software in their workplace.

The forum was purposely presented in weekly forum categories to assist participants to access the appropriate
week’s response space and provide commentary on their colleagues’ responses. Informed by the characteristic of
joint enterprise, (Lave & Wenger, 1991) supervisors could focus on a challenge or issue or act of practice each
week, and co-construct knowledge. Social interactions, meaningful discussions and developing relationships are
the identified characteristics which aid capacity building and awareness raising of quality supervision practice.
As a primary purpose of the online experience was to exchange expertise, it was essential to build a culture of
discussion, and nurture collective understandings of and reflections on supervision practice (Hendriks & Maor,
2004).
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In keeping with quality design practice of discussion forums (Verenikina, Jones, & Delahunty, 2017), the initial
call for postings required supervisors to introduce themselves and frame their professional context, and
supervisory experience. Figure 2 illustrates the introductory activity requirements. This initial learning activity
assisted to establish a positive social learning space (Fleming, 2015).

My Experiences of Workplace Learning

Welcome to the workplace learning module for supervisors of CSU students. As industry partners you play a significant rolein
supporting, nurturing and professionally socialising our students.

This week we will share our experiences of workplace learning (WPL).

Learning Activity 1:

My experiences of workplace learning

» Click on the Discussion Forum tab on the left hand side tool bar of this site.

Locate Week 1: My experiences of workplace learning and prepare a post that responds to the following
questions:

1. What is the context of your workplace? (dentistry, podiatry, paramedics, teaching);

2. Briefly describe one experience you have had of workplace learning
o Which year of student did you supervise?
o What was your role?
o For what duration did you supervise the CSU student/s?

3. Why do you consider WPL to be important?

4. Why did you enroll in these professional development modules?

Discussion Forum

* Read and comment on several other participants’ Discussion posts.

Figure 2: Introductory learning activity

Operation

The university’s learning platform played host to the modules and discussion forum. Participants were enrolled
as ‘guests’ on the system, allowing access to the learning materials. The modules were offered within two of the
three sessions of the university calendar, thus creating temporal boundaries for participants. The timing of these
offerings was systematic as it aided in creating distinct ‘cohorts’ who used the university’s discussion forum as a
dialogic space and were placed to coincide with student WPL placements with industry partners. Creating distinct
cohorts aided in building the characteristic of community (Lave & Wenger, 1991), as supervisors exchanged their
responses about workplace contexts, supervision models, and difficult practices. The temporal, relational, and
organisational space further supported supervisors to engage in a trusted, safe environment as they shaped
professional connections and built relationships and exchanged practice with other disciplinary supervisors: all
documented characteristics and activities of a CoP. Enabling a CoP mentality provided opportunities for the co-
construction of new knowledge (Wenger, 1998).

Methodology

Research design

The research was constituted by a mixed methods design allowing investigation of the i) rate of engagement with
the resource and the forum, and ii) participants’ perspectives of their continued education emerging from their
online engagement. Mixed method studies allowed for a layering of the data to best understand participants’
experiences with, and of, the online learning module. Gay, Mills, and Airasian (2012) state that “mixed methods
build on the synergy and strength that exists between quantitative and qualitative research methods in order to
understand a phenomenon more fully” (p. 481).
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Participant recruitment

Electronic and paper flyers were widely circulated by both academic and professional staff employed to support
WPL at the university to promote enrolment in the professional learning module. The promotional material was
distributed through industry networks and professional colleagues who practiced in the disciplines, and who were
engaged in professional associations. These publicising modes drew on the established connections and
relationships between the university and industry partners, further exemplifying the desire to build and strengthen
university-industry relationships. The participants completed a guest application, supported by a signed statement
to confirm their active and current supervision of the university’s students in their WPL professional context.
After receipt of the application, the participant was added as a ‘guest’ to the university’s online learning platform
(Blackboard) for the duration of the teaching session. The participants enrolled in the initial offering of the module
were from a diversity of health discipline backgrounds including dentistry, podiatry, nursing, occupational health,
radiography, physiotherapy, social work, clinical psychology, and speech pathology.

Data sources and tools

Ethical considerations

Participants were provided with an Information Sheet and consented to their discussion forum postings being
included in the research via email exchange with WPL academic (University Human Research Ethics Approval).
A total of 67 participants were enrolled in the online module with 38 formally consenting to the use of their
qualitative data in the project.

Data

Data were gathered from two sources. Quantitative data from Blackboard; the university’s learning management
system, provided a useful measure of weekly log-in frequencies, and total posts. However, in order to layer the
investigation, and move it beyond simple metrics, qualitative data complemented the frequency counts.
Participants’ responses to the final week learning activities were gathered to ascertain the efficacy of the learning
opportunities (modules) and the use of the discussion forum as a space for inter-professional engagement and
continued education. The final week learning activities required participants to prepare a response to the following
guided evaluative questions and post on the discussion forum:

What have | learnt from engaging in the WPL online module?

How will I apply this knowledge in my supervision of WPL students in my workplace context?
What aspects of the WPL module were most beneficial?

What aspects of the module could be improved?

Was posting to and reading posts on the discussion forum useful?

What other WPL topics would I like to explore?

Would I enroll in another WPL module offered by X university?

Nougk~wphE

Gathering these data allowed for an exploration of the depth of engagement in the discussion forum, and the
quality of participants’ learning (Hansmann, 2006).

Data analysis

A weekly and total frequency count was used to represent the findings of the quantitative data analysis. These
simple counts provided an uncomplicated way to monitor participant use of the discussion forum and track related
“engagement” or lack thereof. As all participants used the same forum, there was the capacity to provide a simple
count of participant log-ins, and participant exchanges.

The discussion forum posts were analysed using coding and intra- and inter-textual analysis to determine themes
(Burns, 2000). Data driven coding (Saldana, 2013) was used as the principal analysis method. Preliminary codes
were initially assigned to the raw data (discussion posts), followed by assigning a final code that was thematically
driven from the initial codes. Coding was a way of indexing or categorizing the text in the interview transcripts
to create a framework of themes (Gibbs, 2007).

Results

The results are presented in sections including the affordances of and barriers to the development of cross-
disciplinary WPL relationships, knowledge sharing and collaboration, in an online asynchronous discussion
forum. Initially, the metrics of use are presented.

Blackboard analytics illustrate participants’ engagement with the discussion forum either through their postings
to the module learning activities or their responses to their colleagues’ posts. Table 1 illustrates these findings.
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Table 1: Discussion forum posting activity

Week | Weekly topic Total posts Total
participants who
posted
n=68 enrolments

1 My experiences of workplace learning 177 68

2 Defining workplace learning @ X university 135 48

3 What makes workplace learning unique? 106 44

4 Good practice guidelines 77 42

5 Good practice guidelines 2 120 38

6 Ensuring quality workplace learning 78 37

7 Roles and responsibilities in workplace learning 41 37

8 Building relationships in workplace learning 37 36

9 Professional and practice based standards 40 36

10 Evaluating my workplace learning experiences 51 37

Table 1 illustrates the engagement of the 68 enrolled participants in posting responses to the weekly stimulus
material. Not unlike a MOOC, after the initial flurry of postings and exchanges through commenting, the
participation and active engagement (that was visible through postings) diminished as the weeks progressed, with
several of the participants identifying the declining numbers in postings: “discussion dropped off in the later
weeks” (P25), and “you could see after a few weeks who was really committed to learning about WPL because
the numbers dropped. Those of us who stayed though seemed to write so much more” (P14). As Delahunty,
Verenikina and Jones (2014) suggest a lack of engagement, limited interactions among participants and low
contribution rates can act as barriers to learning in an online discussion space. Interestingly though, in the
evaluation posts, a number of the supervisors exposed that they were often ‘lurking’ in the discussion forum,
rather than posting. The act of lurking, is however, seen as legitimate peripheral participation in both a CoP and
in online discussions (Malinen, 2015). Further, after analysis of the weekly postings, each of the remaining 37
participants, generally each prepared a post for the remaining weeks 7-10. Interestingly, these 37 were a subset of
the 38 participants who consented to their data being recorded.

Qualitative Results
The analysis of the qualitative responses to the evaluation questions are presented in relation to the themes which
arose from the data coding process.

1. Temporal

The discussion forum allowed space for participants to share their experiences of WPL supervision at times that
were convenient to the individual participant. In addition, the participants noted that the asynchronous nature of
the forum created opportunities for them to revisit their postings and review them as needed. Broadman (2006)
points to the strength of an asynchronous forum’s ability in creating opportunities for participants to “take the
time to make sense of what others are saying and then think about and plan their responses”. The forum
participants identified this aspect of the forum as follows:

As the postings were not specifically looked at each week by others on the forum, I could go back, think
about what | had written and change it if | needed, or sometimes | added more (P29).

Being ‘out of time’ (not sure what it is called) I could sit back and draft my response before putting it up
for others to read (P36).

The purposeful choice of using an asynchronous forum was applauded by participants as it allowed them the
temporal flexibility to engage as, and when they could. The following participant quotes illustrate this support:

It allowed me to participate beyond my work hours ... I didn’t have to attend a lecture at a particular ...
so when I could find a spare half an hour I could log in and read others’ posts and learn about their
practice (P23).

I liked the online style of the module and being able to work at your own pace and talk online when |
could (P11).

I thought it was good we had the flexibility with response time, however, especially with our job demands
(P20).
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While many of the participants positively supported the temporal flexibility of the forum, several participants
pointed to the “difficulty in keeping track of participants’ comments because they weren’t posting when [I] was”
(P17) and “I really wanted to talk to real people ... I know I was, but I wanted to ask them questions then and
there about what they had written” (P10). Participants felt that the burden of posting and reading others’
submissions became time consuming. Participants commented:

There was so much to read and not enough time to read all the other participants’responses (P4).
Keeping up was harder at times and I didn’t get through all the discussion posts (P2).

... did get busy with life and work and wasn’t able to keep up with the weekly postings on the forum,
however I did go back and catch up (P6).

Interestingly, one participant voiced her “extreme love of the forum” as she:

could go to class at any time. I didn’t have to wait for a scheduled lecture or weekly professional
development meeting. This assisted me to remain engaged as | could just jump on when | had a great
idea or felt that | needed to blab about my WPL practice that happened that day or week (P2).

Despite communicating to participants that posting responses to the forum did not need to be performed weekly,
and the opportunity existed to post in bundles of weeks, participants expressed “I felt pressured to maintain
currency and presence in the forum, and felt pressured to get responses posted on time” (P16).

2. Technological skill

The discussion forum was carefully and purposefully selected as a technological tool as it was easy to use,
requiring minimal guidance from the facilitator to effectively engage with others online (Boardman, 2006). The
simplicity of access was noted as an affordance to engaging in the online community. For some participants
however, “the discussion tool thingy was a barrier to starting the online module as [they] had no prior experience
in this format” (P27). One of the participants further noted that “I could not post to the forum because my browser
didn’t support the format, so I uploaded my work as an attachment” (P8). Here, we can see that those will some
technological skill or experience could create work-arounds in order to engage in the space. Similarly, a participant
shared her total lack of previous experience with discussion fora as follows:

I haven’t completed an online learning experience like this before with posting and reading on a
discussion forum. The learning experiences were fantastic even though I found it hard to navigate at the
beginning. | am NOT very good at IT but | have now gained skills in this area (P5).

While the data analysis revealed that some participants initially struggled with the requirements of the discussion
forum, most of the participants commented on the ease of navigation and use of the tool.

I liked the discussion forum. | was so easy to use. Just one click and you could write your posts. It wasn’t

hard either to say something about other people’s posts. The first time I mucked it up, but after that [ was fine
(P11).

3. Opportunity to share and be heard

As the primary aim of the online module and the discussion forum was to foster cross-discipline exchanges and
enhance supervisor capability, participants’ evaluative comments certainly supported the success of the module
design and discussion forum use. There was a breadth of sub-themes which arose in relation to the coding of data
related to this theme. These included i) being heard, valued and empowered; ii) feeling like an insider; and iii)
opportunity to broaden professional perspectives.

i) Being heard, valued and empowered

The opportunity to post on a shared discussion forum created a safe and inviting professional dialogic space in
which participants could offer their ideas and share their WPL experiences, seemingly without judgement. Framed
by the sequence of communicative strategies posed by Verenikina, Jones and Dealahunty (2017), i) foster a
positive social space; ii) build collective understanding of ideas; and iii) move toward critical discussion, the
participants proffered multiple accolades regarding their feelings of shared safety and value. The online discussion
space invited participants into a conversation; asking them for their stories, perspectives and practice. This strategy
assisted participants to feel heard, even when one participant posted repeatedly on a topic, everyone could respond.
In addition, participants had the choice whether to respond to the ‘over-poster’. Participants commented:
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I am a rather quiet person in my work meetings. I often can’t get a word in. The forum made me talk to
others and | could have my say as well. When people started agreeing with my opinions | posted, | felt
like what I said was important and respected (P16).

| felt empowered by the opportunity to say what | thought in a professional forum. No one knew me
online so | felt really safe to share my ideas. Sometimes at work I don’t share because I know everyone
and wonder what they might think of my perspectives and opinions (P9).

I loved the forum. Someone asked what | thought about my work and how | supervised and | realised |
had so much experience to share with the newer members of my profession. (P3).

Here | draw attention to old timers and newcomers: terms posed by Etienne Wenger when describing participants
in his original CoP work. Wenger (1998) suggests that there are old timers; participants of a practice with the
experience, expertise and knowledge. The old timers bear the responsibility for mentoring the newcomers; by
modelling, mentoring and overseeing the “apprenticeship of practice”.

i) Feeling like an insider

Regarding the research findings, this was a very poignant sub-theme. The data analysis of the participants’
postings clearly revealed that professional relations had been developed throughout the course of the online
engagements. The participants’ comments highlighted their shared perspectives and attachment to the “like-
minded” online community. Significantly, participants expressed the notion of being an “insider in the group”.
Several of the participants voiced their alliance to the group and expressed that they had shared their experience
of being part of the group with the “outsiders” (their workplace colleagues who were not enrolled in the continuing
professional education opportunity). One participant illustrated this notion of being an insider in a conversation
and group as follows:

When | added my posts to the forum, I would wait for others to respond and agree with me or thank me
for what | have said. | started to feel like we were a group — the insiders — and that my workmates were
the outsiders. | think the discussion forum made us a group. A group who had shared so much of
themselves and their practice. We had talked about some, | guess, sensitive things, like supervising
students who were hopeless. | felt like I had moved from not knowing to knowing, coming from out of
the loop to realising | really do have loads of expertise and | now feel included (P11).

Lave and Wenger (1991) would explain these comments using the notion of legitimate peripheral participation
(LPP). As newcomers to a community of practice routinely engage in, and learn about, the culture and practices
of a professional community, they progressively are encultured in regard to the rituals, practices, habits and
perspectives of that community. It was evident that some of the participants who self-identified as new to WPL
supervision were gradually moving from the periphery of dialogue in the online forum to central positions and
felt like insiders.

iii) Opportunity to broaden professional perspectives

Analysis of the discussion forum posts exposed the marked similarities across professions and disciplinary areas
regarding the functions and roles, responsibilities of WPL supervisors, and challenges and potential solutions to
issues. The primary aims of the research were explicitly achieved as evidenced by the findings relating to this
theme. Participants extended a breadth of commentary that illustrated their enhanced capacity to act as WPL
supervisors, through the act of broadening their professional perspectives. The following excerpts from the
discussion forum act as evidence:

I found reading the discussion posts very useful. It has highlighted that there are lots of similarities across
WPL even though the health services and disciplines are so different. This means that many other
people’s experiences and subsequent learnings may be able to be transferred to my setting. Numerous
posts have discussed ideas | haven’t thought about or looked at elements from different points of view.
This has enriched my learnings from the workplace activities (P8).

The WPL module has enlightened and enriched my knowledge of the students” WPL journey. What
stands out most is that the there are so many commonalities between the disciplines and we have now
offered solutions to each other’s challenges and shared our experiences. There are so many things I hadn’t
thought of, from others” ways of thinking that I can use and share now with my colleagues (P22).

ASCILITE 2019 Singapore University of Social Sciences 109



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

I can use this new knowledge to help support the students the best | can and help them to gain the most
out of their placement. | also feel | can take this knowledge back to my colleagues to encourage them to
be more enthusiastic. It has certainly helped to hear all the different ways people, think, do things and
solve problems with WPL (P19).

Conclusion

It is clear from the findings that discussion forums have the potential to assist professionals to engage in continued
education that builds their ongoing knowledge and skills. Subsequently, this increased capacity can be further
disseminated through professional workplace with colleagues who have not engaged in the forum activity. In
addition, the benefits of requiring written asynchronous responses to carefully scaffolded learning activities,
creates a safe, empowering space for professionals to learn from each other. Specific discipline practices are
socialized in the shared space of the discussion forum, and this act empowers participants to engender confidence
in their own expertise, knowledge and practice. Furthermore, the evidence prompts us to consider the value of
sharing and challenging different perspectives and considering new possibilities. The purposeful design of the
forum and the modules have encouraged and allowed time for reflection and considered postings, and generated
possibilities for group connection and growth.

The findings further flag that a discussion forum positions participants in a learning space in which they draw on
the expertise of others in what Wenger (1998) terms overlapping communities of practice. The discussion forum
has acted as a knowledge, practice and network bridge, linking insiders with the outsiders in the participants’
workplaces. Furthermore, the interchange of professional expertise has positioned the participant, not as passive
receptacles of learning material, but rather active players who are co-constructing new knowledge with other
members of the online community of practice. Thus, the discussion forum; a technologically-enabled dialogic
space, has assisted in creating professional connections, and enhanced practice of those in a geographically
dispersed community of practice.
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Infographics, assessment and digital literacy: innovating
learning and teaching through developing ethically
responsible digital competencies in public health

Raya Darcy
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Australia

Infographics are eye-catching one-page documents that provide a concise overview of a topic
through visually representing information or data using graphics, icons and/or images, with
minimal words. They are an emerging key form of communication in society, government,
research, education and industry, and can be found widely in social media, advertising,
teaching, policy documents and scientific journal publications, for example. Due to their user-
friendly, quick-read format, infographics are highly influential in shaping the opinions of their
audience. An emerging issue with infographics, however, is the capacity to mislead or
misrepresent information or data. In the contemporary higher education environment,
providing students with digital literacy skills, including the capacity to critically evaluate
digital media forms such as infographics, is vital. This paper will provide a review of the use
of infographics in learning and teaching in the literature, including as assessment, examining
the benefits as well as the potential issues, and how some of these challenges might be met.

Keywords: infographics, assessment, digital literacy, public health

THE BENEFITS & RISKS OF
USING INFOGRAPHICS IN
HIGHER EDUCATION

@

BENEFITS

User-friendly

Makes complex information accessible
Facilitates comprehension

Authentic assessment type

Relevant to industry and employment
Future focused

Reduces ‘death by PowerPoint’

Novel / fun for students

Easier to mark than essays
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communication skills

digital literacy
interdisciplinary skills
enterprise skills

participation and engagement
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Steep learning curve

Appear deceptively simple
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Capacity to easily misrepresent / misuse data
Can reinforce language barriers

Figure 1: Infographic on the benefits and risks of using infographics in higher education.
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Introduction

Infographics are eye-catching one-page documents that provide a concise overview of a topic through visually
representing information or data using graphics, icons and/or images, with minimal words. Infographics are
intended to visually engage their audience using colour and imagery, presenting complex information in an
accessible, easy-to-understand visual form. In simple terms, they are a combination of data and design, where data
means both numbers and facts, designed to be communicated transparently (Vital 2018). Infographics are
extremely useful for conveying complex information quickly and easily.

Infographics are a highly transferrable media form and are currently being used across the entire spectrum of
society, government, research, education and industry; in social media, advertising, teaching, policy documents,
and scientific journal publications, for example. They are widely used because of their capacity to convey
otherwise complex information quickly and easily, in an eye-catching form, within any area or discipline. Few
other media forms are capable of this level of accessibility and transferability, and is one of the reasons that they
have been so widely embraced, particularly by the commercial sector. As McCrorie, Donnelly and McGlade
(2016, p. 72) write, the “commercial sector has enthusiastically taken up infographic design within the last decade
or so as a means of communicating large quantities of otherwise difficult to assimilate information in a single
easily understood and visually attractive product”. In the healthcare sector, for example, infographics have been
used for mass public consumption for a large-scale public health campaigns, as well as for communicating with
the public on a smaller scale, such as posters within a general practice.

As Toth (2013) has argued, given the rise of infographics in the business world, students need exposure to them,
as they will be probably asked to interpret and/or create them in the workplace. If used well, infographics can be
very useful in learning and teaching, including assessment. In teaching, long explanations in lectures can be
replaced with infographics (Anghel & Dahaila, 2019). Infographics increase student participation because they
are visually engaging: they draw the attention of the students when used appropriately and meaningfully, and
collaboration on infographics, such as creating team infographic assessment, enhances collaboration and
communication skills (Rhodes, Johanesen & Abud, 2019). Infographics can enhance peer learning: students are
much more likely to engage with another student’s infographic than they are with their essays. They can be posted
to a discussion forum, where students are required to comment on each other’s infographics. They can also be
presented to both peers and teachers in a presentation format.

There are, however, several potential issues in with the use of infographics, particularly in learning and teaching.
Although graphic design skills are not necessary to create them, there is still a somewhat steep learning curve to
create a meaningful, well-designed infographic. Due to their user-friendly, quick-read format, infographics are
highly influential in shaping the opinions of their audience. This capacity, however, means that they are also open
to misuse, either intentionally or unintentionally. The capacity to be able to objectively analyse infographics for
the quality of the information they present can be challenging, particularly for students.

In 2019, in the Master of Public Health course at Monash University, we began incorporating infographics into
learning and teaching in the areas of health and law; occupational health and safety; aviation medicine; and health
management, with the aim of enhancing authentic learning for our students. Authentic learning experiences are
those that connect students with real-world problems and work situations, through immersing learners in
environments where they can gain highly practical, lifelong learning skills (Adams Becker, Brown, Dahlmstrom,
Davis, DePaul, Diaz & Pomerantz, 2018). Our challenge in incorporating infographics was to support teachers
and students to understand, interpret, and create them, given the steep learning curve, and the potential for them
to be misused. This paper discusses the use of infographics in learning and teaching, examining the benefits and
the potential issues, and how we might meet some of these challenges. It will discuss how infographics ‘work’ as
a media form, the use of infographics in public health, and an analysis of the benefits versus the risks of using
infographics in learning and teaching, in the context of digital literacy.

How do infographics ‘work’?

Infographics can be described as a “multimodal” media format, integrating multiple modes of meaning making
brought together into a single media text (West, 2019, p. 151). Although the use of infographic-type formats can
be found throughout human history, the term infographic first appeared in the 1960’s (Vital, 2018), and they were
popularised in 1980°s and 90’s in American newspapers such as USA Today and the New York Times (Otten,
Cheng & Drewnowski, 2015). Research on the use of the infographic as a distinct media form dates to at least the
early 90’s (see Utt and Pasternack, 1993, for example). There are many different types of infographics, and wide
interpretation and variation on these types, from basic annotated image infographics, to much more complex data
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and statistical infographics. The rise of the popularity of infographics is equivalent to the rise in the era of
‘information overload’: infographics have emerged as a tool that can whittle down the complexity and abundance
of information into a user-friendly format.

There is significant evidence that infographics reduce barriers to understanding (Otten, Cheng & Drewnowski,
2015). Visual processing in the human brain is very rapid: it takes an individual less than one-tenth of a second to
get the sense of a visual scene, and viewers can quickly find patterns and make comparisons in well-designed
infographics (Otten, Cheng & Drewnowski, 2015). Visual information has been shown to have a higher emotional
impact and is remembered longer than text (Toth, 2013). Studies show that pictorial elements significantly
increase memorability (Byrne, Angus, & Wiles, 2016), and the inclusion of recognisable imagery attracts
attention, and aids in understanding and retention of the represented information (Byrne, Angus, & Wiles, 2016).
By making information that is both compelling and more easily digestible, infographics enhance decision-making
(Otten, Cheng & Drewnowski, 2015). Colours alter mood and energy levels and are used in infographics to attract
attention (McCrorie, Donnelly & McGlade, 2016), thereby increasing influence over audience response to the
messages being conveyed within an infographic. As Otten, Cheng and Drewnowski (2015, p. 1901) have written,
“[t]he most effective infographics help viewers think critically about a particular subject or data set in terms of
individual measurements and broader patterns”.

As Lee and Kim have suggested, (2016) infographics convey content using varying methods of presentation that
appeal to different human perceptual systems: text, images, audio, and video, for example. Their research has
shown that multimodal formats such as infographics, so long as they do not simultaneously compete with one
another, enhance learning as compared to single channel communication. That is, spoken and written words
presented simultaneously — such as in a spoken lecture that is simultaneously presenting lengthy written text on a
PowerPoint slide — has the effect of reducing comprehension, whereas written text and visual images presented in
a complementary manner — such as in an infographic — has been shown to enhance comprehension and learning.
In short, infographics, when done well, improve information acquisition. Statistical information and procedural
tasks, for example, have been shown to be recalled better when presented together in text and graphic formats,
than in either mode alone.

Infographics in public health
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Figure 2: Florence Nightingale’s 19" century “Rose diagram” on mortality in the army during the
Crimean War. (Image in public domain.)

Infographic-type formats have a long history, including in medicine and health. Ancient cave paintings, depicting
the location and availability of resources can be described as infographics; the Ancient Greeks used graphic
information formats, and many historical maps and navigational drawings were what we would now call
infographics. Infographics have long been historically important in public health. McCrorie et al (2016) suggest
that in the nineteenth century, part of Florence Nightingale’s success in communicating public health issues was
due to the graphical representations she used to show causes of mortality amongst British forces during the
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Crimean war. Using what we would now call a “polar area diagram” (or “coxcomb graph”), Nightingale illustrated
that death from preventable disease outnumbered other causes including battle wounds. She was incredibly
successful at reaching her target audience, they argue, whilst simultaneously triggering attitudinal change. These
aims are the key to contemporary infographic design.

The user-friendly aspect of infographics makes them ideal for contemporary medicine and public health settings,
where they have been widely used. Evidence shows that infographic-type formats enhances understanding and
the ability for patients and the general public to make decisions about their health, and there is increasing demand
for patient and public access to quality healthcare information, in a manner that is easily understood, so that patents
can make better decisions about their care (McCrorie, Donnelly & McGlade, 2016). Through integrating
quantitative charts with explanatory text and illustrative diagrams, researchers can create infographics that convey
key issues around otherwise complicated public and policy interests (Otten, Cheng & Drewnowski, 2015).

There is substantial use of infographics within the healthcare sector, communicating medical information to
patients in an accessible manner, thereby enhancing patient’s decision-making capacities regarding their health.
They are also widely used at the population level for public health messages (McCrorie, Donnelly & McGlade,
2016). As Otten, Cheng and Drewnowski (2015, p. 1903) write “[i]nfographics provide an effective means to
communicate health and nutrition data to decision makers, who need high-quality information but in bite-size and
readily accessible forms”. In mass media campaigns they are intended to present positive change and/or prevent
negative changes in health-related behaviours across large populations (Wakefield, Liken & Hornick, 2010, in
Hamilton, Peden, Keech, and Hagger, 2018).

Infographics can be used in a manner that functions on an affective level of the human body, primarily through
the use of colour, influencing mood and emotional engagement. In a healthcare context, using a traffic light system
of red, amber and green, for example, the use of red in an infographic visually links that information to “danger”
or the need to “stop”, information that needs consideration in amber, and positive information in green (McCrorie,
Donnelly & McGlade, 2016). At the cafeteria within the Alfred hospital in Melbourne, for example, an infographic
about food choices represents unhealthy, high-fat, sugary food in red; moderately healthy food in amber, and
healthier choices in green.

Infographics can also be used to overcome language barriers, through communicating with patients who may not
speak the same language as their practitioners (McCrorie, Donnelly & McGlade, 2016). There is also a higher
risk, however, of some patients misunderstanding infographic symbolism and representation, and interpreting it
too literally. McCrorie, Donnelly and McGlade (2016) give the example of an infographic that shows the number
of fruit that should be eaten daily as part of a healthy diet, which is represented by an image of 5 apples. This may
be interpreted by some, however, to mean that people should eat 5 apples per day, and/or that apples are the only
fruit that should be eaten.

Infographics — like any media form — are not always effective in changing behaviours or attitudes in public health,
and this should be considered when assessing their use. Hamilton, Peden, Keech and Hagger (2018), undertook a
study of the use of a video infographic that highlighted the dangers of driving through floodwaters in Australia,
including providing safety tips to reduce the risk. Their study evaluated its effectiveness in changing the beliefs
and intentions of Australian adults toward this risky driving behaviour. Their study predicted that the infographic
would lead to factors such as lower reported intentions, less favourable attitudes, and reduced social pressure to
drive through floodwaters, due to the growing evidence that infographics have strong effects on behaviour: “we
expected the infographic to deliver longer-term changes in beliefs and intentions” (Hamilton, Peden, Keech &
Hagger, 2018, p. 52). Their study found that whilst factors including gender, attitude, intention, emotion and
aptitude for understanding the background information all play a role in how information is understood and acted
upon, their overall research concluded that intentions to drive through floodwaters were not affected by exposure
to the infographic, and that the infographic was ultimately “not ... effective in changing behaviour” (Hamilton,
Peden, Keech & Hagger, 2018, p. 57).

Infographics in learning and teaching

Infographics are narrative devices: they tell a story. Part of their popularity and utility, particularly in education
and research, is their capacity to present quantitative information to audiences who may otherwise have little
understanding of the creation and use of scientific data. Infographics enable this data to be presented in a narrative
format. As Otten, Cheng and Drewnowski (2015, p. 1902) write, through “integrating quantitative charts with
explanatory text and illustrative diagrams, for example, researchers can communicate their findings as engaging,
persuasive, or memorable narratives of discovery”. As such, they can be very useful for STEMM (science,
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technology, engineering, mathematics and medicine) disciplines, which may not traditionally use narratives very
well. The narratives of infographics could be explanatory (aiming to educate or inform), editorial (making value
judgements), persuasive (seeking to influence), or exploratory (testing a hypothesis), for example (ibid).

Infographics function as a stand-alone form of communication, where the “audience should comprehend the
information by simply looking at it without seeking additional resources to understand it” (Toth, 2013, p. 448). In
a long text, major figures and other numerical data may go unnoticed (Aydin, Aksut, & Demir, 2019), however
an infographic can graphically quantify the magnitude of an issue, giving the audience an immediate sense of its
significance. Large datasets can be made more coherent, facilitating comprehension. Infographics can be either
static (printed as a poster or as a static screen image), animated (an animated screen image), or interactive
(displayed on a screen with clickable links and other interactive elements). They can be hand-drawn or
electronically created, and many electronically created infographics insert hand-drawn elements.

Whilst visual language is highly flexible, and there are multiple ways in which something might be represented,
as (Byrne, Angus, & Wiles, 2016) argue, effective designs make use of conventional graphic and figurative
representations and elements for ease of user understanding and remembering, as understanding can happen faster
and with less effort, due to the easy recognition of the graphics presented. Sometimes impact is also created
through breaking convention, however, which challenges the audience to reconceptualise the information they are
presented with in a novel manner.

In many ways infographics have evolved from PowerPoint slides: many infographics are three to four graphically
focused, well-designed, minimal text PowerPoint slides combined into one document. Reflecting upon
infographics and how they work allows us to think about how we could present information in teaching and
research much more effectively, to move away from the infamous ‘death by PowerPoint’, and towards creating
attention grabbing, focused, user-friendly presentations.

It is important to note that the design of infographics should always be informed by the communication setting in
which they are to be presented (Otten, Cheng & Drewnowski, 2015). An infographic that is to be developed as
part of an oral presentation should be succinct and have a high visual impact, because it is accompanied by a
spoken word element. An infographic that is to be used as a stand-alone poster requires more detail and needs
additional annotation (Otten, Cheng & Drewnowski, 2015). Infographics also don’t necessarily need to be used
to present information to others: they can be created for personal use. In teaching and learning students can
improve their understanding of technical information, for example, by being taught to create basic infographic
“sketchnotes” (Fernandes-Fontecha, O’Halloran, Tan, & Wignell. 2018, p. 8) to review and revise the learning
content in preparation for an exam.

Infographics can enhance professional skills in communication. Employers constantly cite communication skills
in graduate students as a much higher priority than just having the disciplinary knowledge. They want students to
be able to innovate and apply their knowledge, and to have interdisciplinary skills. It’s not that their degree isn’t
important of course, but it is very limited if students do not have communication skills to use that knowledge
meaningfully (Choate & Chan, 2016). Infographics can enhance creativity, innovation and interdisciplinarity:
teaching students to push their boundaries and to creatively innovate and apply knowledge in a highly
communicable form.

Zuk (2011) argues that in order to create a successful infographic, students need a basic understanding of the
power of marketing, so that their infographics are focused, and compelling. More than just a tool for public
relations, students need to learn to market their learning and their skills, in quick, easily understandable terms.
Often referred to as the “elevator conversation” scenario, this skill is about students being able to give a snapshot
of their skills and knowledge in a minute to someone of influence, where the question is often framed: “If you ran
into your boss in the elevator, what do you say about the value of the work you are doing?” The capacity for
students to be able to ‘market’ themselves meaningfully is a vital professional skill. Infographic resumes have
also become popular: they are attention-grabbing, attempting to gain an edge in the competitive job market.
Learning to create infographics gives students the skills to be better placed for employment.

Incorporating infographics into learning and teaching in public health is part of Monash University’s vision of
higher education to expand and enrich staff and student capabilities in digital education; incorporate capabilities
of the future into education, including the skills to lead and transform communities; to be proficient in digital
literacy, and; to foster development opportunities in digital learning for both staff and students (Monash
University, 2019). As Leu argues, “[n]ew forms of strategic knowledge are required with new literacies” (cited in
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West, 2019, p. 171), and advances in technology requires new approaches in education for both teachers and
students (Aydin, Aksut, & Demir, 2019).

By embedding infographics into learning and teaching — including as assessment items — we can drive digital
competencies for educators, researchers and students, developing critical enterprise skills in digital literacy. In
order to understand how to create infographics, however, students need to be taught how infographics work to
communicate information, how to critically analyse them, and how to create responsible infographics.

The benefits and the risks of using infographics in learning and teaching

Whilst there are many benefits of using infographics in educational teaching and research, there are also a number
of risks. Developing responsible data-sourced infographics takes time and commitment (Otten, Cheng &
Drewnowski, 2015). This is to say that there can be a steep learning curve involved in creating infographics: they
can be laborious and time consuming to create. Due to their visual nature, infographics can appear simple and
effortless (Toth, 2013), but appearances can be deceptive, both in terms of the amount of work and thought that
is actually required to create them, as well as in terms of the quality — or otherwise — of the information they are
presenting. Aydin, Aksut, and Demir (2019) noted that students are often negative when they realise the steep
learning curve, but much more positive once they have completed the task.

There must be structured support for creating infographics, not only the practical skills to create them, but also
how to create and interpret graphs and data. Whilst effective infographics that communicate meaningfully look
great and can be highly beneficial in teaching and research, ineffective infographics tend to be visually
overwhelming; use excessive or extraneous data; present information in a way that is confusing; and/or over- or
under-value certain information (Otten, Cheng & Drewnowski, 2015).

Due to their steep learning curve, infographics as assessments need to be scaffolded appropriately. Toth (2013)
discusses the ways in which an individual assessment can be set up with three parts: an initial rough sketch
research proposal, which includes the data students intend to present; the infographic (which is shared with the
whole class), and a reflective, evaluative piece on what their intentions were, what they learned, and how they
would do things differently in future. Formative assessment could include online infographic drawing module
embedded within the Learning Management System that teachers can use either in a face-to-face lesson, or as on
online module. The module should be specifically aimed at the level and discipline of the students, and assume
no specialised knowledge of drawing, industrial design, or computer graphics.

Students must have clear instructions for expectations, including exemplars that are of the standard that they are
expected to produce. Previous work student exemplars are critically important, as students will often look to
professionally produced infographics for inspiration, however not having the professional design skills may tempt
students to plagiarise online infographics, rather than create one that they think is very poor quality in comparison
to the professionally created one. By providing them with multiple examples of previous student work, students
gain realistic expectations of the quality of the work they are required to produce. It is important to reiterate with
student infographic assessments that professional design skills are not required and are not assessed; what is
important is the quality of information being presented and the organisation of the infographic in terms of how it
is presented. Clarity and quality of information are the key criteria in student work on infographics.

Toth (2013) notes that in their assessments, the quality of the infographics that the students produced varied
widely. Some were very high quality, some very low. The most common trouble areas Toth noted were
organisation, clarity, text and consistency: poor organisational structure; information that was unclear; too much
text; and inconsistency with the use of visuals and text. It was also noted that students commented positively on
the infographic assignment, including that it helped them tie together concepts from earlier in the semester; they
enjoyed the freedom of creating an infographic; and they found it “fun”. Students also noted that they were
surprised at how much work and thought was involved. From a marking perspective, it was noted that infographics
are less time consuming to mark than longer papers.

Designing an infographic in terms of the use of colour and graphics is only one part of the process of creating an
effective product: it is also critical that infographics are created ethically and responsibly. Creating a compelling
infographic from primary research can be challenging: there is the chance of oversimplification, and to
inadvertently (or otherwise) distort data (Otten, Cheng & Drewnowski, 2015). As Molek-Kozakowska (2019)
notes, one of the challenges of the popularisation of science, including the creation of media forms which include
visual enhancements that are understandable to a lay audience, is to ensure that they continue to frame scientific
work legitimately, without distorting, aggrandising, or sensationalising it.
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This raises issues in relation to the information that is provided to students. What data or questions do educators
use to shape the complexity of the infographic students are expected to produce? How do educators frame
expectations without being too limiting? How can educators teach students about ensuring that infographics are
scientifically responsible?

One risk is misinterpretation of what is represented, which can be due to a number of factors. Successful creation
and interpretation of infographics is dependent upon accurately decoding the visual information into a message
about the underlying data (Byrne, Angus, & Wiles, 2016). Motivation and prior knowledge have also been shown
to be key factors in information retention. That is, if a student lacks either the motivation or the ability to process
the message (including through lack of prior knowledge of a topic), they are more likely to show low levels of
understanding (Lee & Kim, 2016). In regards to infographics, care must be taken with students who have poor
language skills in the language infographics are presented in, as it has been shown that foreign language students
learning can be negatively impacted due to interpretation of visual, textual and cultural language conventions,
resulting in an inability to distinguish relevant and irrelevant information, and instead focus on the more
superficial, rather than substantive aspects of the infographic (Lee & Kim, 2016).

The convincing nature of infographics can be somewhat of a double-edged sword. Whilst numerical data and
statistical information are more convincing and concrete because of the use of graphics (Aydin, Aksut & Demir
2019), however this is also potentially an issue if that data or information is used irresponsibly. As Toth (2013, p.
449) writes, infographics that use statistical information in some way present an illusion of trustworthiness due to
their visual nature, and viewers “are more likely to believe information presented on infographics”. Therefore,
educators need to assist students to make ethical and responsible choices when creating them. Otten, Cheng and
Drewnowski (2015) argue that collaborative, team-based activities are a way to potentially alleviate potential
issues around the misuse of data in the creation of infographics in learning and teaching, as active input from
multiple team members reduces the possibility that data will be ambiguous or inaccurately represented.

Infographics, digital literacy, and future focused education

Teaching students digital literacy is a key employability and life skill, and accordingly is also a key priority of
higher education institutions, in order to enhance student employability. In the online, information overload
environment, students are required to make informed judgements about information, and particularly online
information: to navigate, critically evaluate and responsibly use information (Feerrar, 2019). That is, students need
to be able to not only use and create digital tools, but also think critically in the way they consume them (Feerrar,
2019). When it is now so easy to consume and disseminate information digitally, it is the responsibility of
educators to ensure that students understand the implications of creating socially, politically, ethically and
scientifically responsible information. This includes determining appropriate media, making effective design
choices and reflecting on the ethics and impact of their work. Creating visual media such as infographics, videos,
and animations are vital to digital literacy (Hobbs, in Feerrar, 2019).

Students need to be taught how to judge infographics in order to create their own effectively. Toth (2013)
recommends a critical analysis that incorporates an understanding of infographics as a media genre, a
comprehension of the informative and persuasive techniques that are used to successfully communicate their
message, an application of the traits of effective document design, and an understanding of the topic or disciplinary
context in which they are to be used.

Educators need to prepare students for the future. Price (2017) argues that there is currently a mismatch between
both current and future employment needs and contemporary higher education models, and that the critical gap is
in interpersonal and professional skills. Graduates are critically underemployed: not working as many hours as
they want to, and not doing the level of job that their degree prepared them for. There has been much discussion
around changing the higher education system for a long time, Price argues, but we’re still not delivering on what
needs to change. Students need high-level critical knowledge skills: less knowledge for its own sake and much
more of how to responsibly apply, analyse, evaluate and create it.

Teaching, in any discipline, should always include a critical understanding of the importance of ethical issues in
relation to the presentation of data, to use information responsibility, and that information cannot be divorced
from its social, political and cultural contexts. Educators have a responsibility to teach students digital literacy, to
ensure that they are critically evaluating information, including questioning the credibility of data sources,
examining structural manipulation, and are aware of the ways in which statistics can be used to mislead (Otten,
Cheng & Drewnowski, 2015). The use of infographics in higher education must include teaching students the
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capacity to read and interpret digital content in a critical manner, so that they understand that the presentation of
information is always socially, politically, commercially and culturally contextualised.

Conclusion

This paper has discussed the use of infographics in a higher education context, including the benefits and risks in
their use in learning and teaching. It has argued that the use of infographics in higher education requires the
inclusion of digital literacy, which is not simply the capacity to skilfully use digital tools, but also the capacity to
critically engage with digital content. Information is always presented in ways that are designed to influence
understanding. To be digitally literate is to have the knowledge and skills to use and create digital media
responsibly and ethically. Digital literacy and infographics are as much about understanding the use of ideas as
they are about the use of technology. This paper has also argued that although there are potentials risks with the
use of infographics — particularly in a scientific context — the risk of the misuse of data and information through
the use of the incredibly popular infographic type formats only adds weight to the argument that, from a digital
literacy perspective, they should be incorporated into learning and teaching in a structured, scaffolded manner, so
that students learn to critically engage with information, to provide them with essential lifelong learning skills and
take them forward into the future.
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competencies in an undergraduate business subject
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Graduate competencies are increasingly in demand from professional sectors, but with
insufficient response from professional degree programs. This study examines the use of blogs
as assessment in a first-year Bachelor of Business program. Three hundred and nine students
responded to an online questionnaire exploring their perceptions of blog as a learning and
assessment tool. Of particular focus were students' perceptions on ease of use, benefit and
impact on the recognised graduate competency of writing skills. A regression model was
applied to data analys in association between perception of improvement in the quality and
quantity of the students’ work (Q&Q) and several other variables. Results suggest a significant
and complex relationship between participants' perception of the flexibility and benefit of the
blog and three areas relevant to writing skills: self-reported improvement in writing, increased
ownership of learning, and development of reflective skills. Implications for further research
and practice are discussed.

Keywords: Blogs, graduate competencies, technology-enhanced assessment, business
education, professional education

Introduction

Graduate competencies are positioned as especially worthwhile outcomes of learning engagements; they serve as
bridges between learners’ role as student and the subsequent personal and professional roles that they play.
Graduate competencies are of special interest in professional degree programs which are specifically charged with
the development of learners into professions and professionals. Effective professional writing, for example has
been long been positioned as an essential graduate competency for professional degree programs and business
degree programs, specifically (Hodges & Burchnell, 2003; Moore & Morton, 2017).

Despite the recognition of their importance, graduate competencies have not swiftly nor easily integrated into
curricula. Discipline-specific knowledge and skills that reflect academic priorities rather than professional
competencies remain the central, sometimes exclusive emphases in professional degree programs (Boud &
Rooney, 2015). Thus, there appears to be a discontinuity between the espoused priorities of programs and the
experienced priorities of their curricula. Causes may lie within the means of engaging learners. Assessment and
learning engagements are often highly traditional, academic processes that do not easily lend themselves to
supporting and determining graduate competencies (Dow, Diaz-Granados, Mazmanian & Retchin, 2014).

Problems in implementation are mirrored within the research. There has been limited empirical research, into the
efficacy of undergraduate business education, for example in fostering graduate competencies, generally or of
students’ perceptions of the efficacy of such efforts (Azevedo et al., 2012). Thus, there is a need in professional
degree programs to research the impact of innovative approaches to learning and assessment on the development
of graduate competencies. This study seeks to contribute to this growing area of research by looking at how
undergraduate business students experienced the use of blogs as an engagement and corresponding perceived
impact on the development of graduate competencies.

Graduate competencies in professional degree programs

Graduate competencies encompass a host of concepts (e.g. generic skills, sustainable outcomes, 21st century
competencies, etc.). A holistic understanding is that graduate competencies are the complex skills and utilized
knowledge that support authentic professional performance within and across myriad disciplinary and professional
contexts (Teijeiro, Rungo, & Freire, 2013). Graduate competencies may be seen as the bridge between education
and profession (Boud & Rooney, 2015). These competencies range from ownership of development/learning to
accurate self-assessment and effective writing skills.
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Professional degree programs are increasingly concerned with development of graduate competencies, such as
depth of engagement and student ownership (Shroff & Deneen, 2014). People entering the workforce have
increasingly seen themselves as free agents, moving across multiple jobs and positions in a career. With this shift
have come concomitant demands on programs to broaden the scope of outcomes to sustainable, career-long
competencies (Moore & Morton, 2017). As professional workplace roles grow in complexity and change more
rapidly, graduate competencies become increasingly important for long-term career success (Chapman, 2010).
Thus, professional degree programs are concerned with developing authentic, work-related competencies.

Achieving a corresponding shift in curriculum has proven challenging. Professional degree programs often
privilege self-referential and academic learning rather than outcomes highly related to performativity in flexible
professional contexts (Boud, 2000; Boud & Rooney, 2015). The means of enacting and determining learning,
curricula and assessment continue to emphasize within-discipline outcomes and provide summative, traditional
assessments such as final projects and essays (Dow, Diaz-Granados, Mazmanian & Retchin, 2014). Professional
degree programs may therefore not inculcate graduate competencies often or deeply enough (Jackson & Chapman,
2010; Azevedo, Apfelthaler & Hurst, 2012). Complex and deep outcomes require innovative approaches to
supporting and determining achievement. Thus, innovation in assessment is an essential co-commitment (Deneen
& Boud, 2014). Business programs have, however begun integrating innovations to learning and assessment as
well as balancing the aims of discipline-specific skills and knowledge with graduate competencies (Jackson &
Chapman, 2010).

Blogs

Blogs are a well-established educational medium for teaching, learning and assessment (Chawinga, 2017;
Churchill, 2009; Top, 2012; Williams & Jacobs, 2004). Blogs provide personalized, versatile space and ownership
for authorship (Liu, Kalk, Kinney, & Orr, 2012). This versatility allows blogs to function as a communication tool
more easily than discussion forums or e-mails while allowing authors to retain ownership of their contributions
(Du &Wagner, 2007; Kim, 2008). The use of blogs as a specific medium of writing may carry developmental
benefit in comparison to traditional academic writing. Blogs embody writing for an unknown audience; which is
a fundamentally different paradigm than traditional academic writing for instructor or peer review (Alfaki, 2015).
In this respect, blogs may be seen as a teaching, learning and assessment tool particularly well-suited for
developing authentic writing competency. Writing is also recognised specifically as a professional skill in which
graduates are inadequately prepared (Moore & Morton, 2017; Wells et al., 2009). Thus, written communication
beyond an academic audience through blogging would seem a prime target for innovation and development.

Using blogs to access and develop writing has additional benefit; There is evidence for blogging as a means to
developing critical thinking and reflective skills (Joshi & Chugh, 2009; Kim, 2008; Weller et al., 2005). Blogging
has been shown to foster deeper and trans-disciplinary understandings of course material (Davi, Frydenberg, &
Gulati, 2007; Yang, 2009). Blogs have been shown to enhance students’ skills at self-regulating information
management; specifically goal setting and planning for tasks and assessments (Dabbagh & Kitsantas, 2012). Blogs
are potential platforms for expanding beyond an academic or discipline-specific focus (Weller, Pegler, & Mason,
2005). Thus, blogging connects writing to other graduate competency focus and development. It is equally
worthwhile to determine what connections the development of writing might have to other graduate competencies.

The importance of learners’ perceptions

A growing body of research demonstrates the significance of students’ perceptions of assessment and learning on
outcome achievement at all educational levels, including tertiary (Deneen, Brown & Carless, 2018; Brown, 2013).
Similarly, models of technology utilization indicate users’ perceptions of technology may predict future or
continued use of that technology (Shroff, Deneen & Ng, 2011; Teo, 2009). Current research also suggests that the
intersection point between students’ perceptions of technology and assessment may create complex dynamics that
impact efficacy (Deneen & Shroff, 2014). It is of particular importance, then that research be conducted into the
meeting place of learning, assessment, technology and graduate competencies. Further, it is appropriate to apply
the lens of students’ perceptions to accomplish this.

The perceptions of students in a first-year paper (i.e. subject) in an undergraduate business program were obtained
and results subsequently analysed using descriptive, correlational, and regression analysis. A framework of quality
and quantity (Q&Q) is used to interpret results. These interpretations are then discussed in relationship to research;
recommendations are made to inform practice and further research.
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Context

The study was conducted within a Bachelor of Business degree programme at a university in New Zealand.
Students in a first-year, compulsory undergraduate business paper were provided with required weekly assessment
tasks to complete and upload to their personal blog space created on the learning management system. The blog
assessment had a weighting of 25%; a business report carried a weighting of 35% and an exam carried a 40%
weighting. The blog was structured with authorship exclusive to the student and feedback exclusive to the
instructor.

Formative feedback was provided by the lecturer at six points. Summative feedback was provided at the end of
the semester.

After completing and uploading their writing tasks, students were asked to engage in a guided reflection for each
task. Prompts asked students to reflect on difficulty of tasks, and the relevance of these tasks to the paper. They
were also asked to discuss the applicability of what they had learnt within professional contexts. Finally, students
were required to assess their achievement in relationship to the program curriculum and its intended outcomes.

Methodology
Research aim and questions

This study investigates the perceived efficacy and ease of using blogs to develop graduate competencies. A model
was designed using various explanatory factors described in the following methodology section. The two main
questions the study aims to answer are:

What were students’ perceptions of efficacy and ease of using blogs?
To what degree and in what ways did students perceive the use of blogs as supporting graduate competency
development and achievement?

Prior to initiating formal investigation, the study was granted approval by the university ethics committee.
Participants

733 students were enrolled in the surveyed Bachelor of Business paper; a total of 309 valid survey responses were
collected (n=309). This represented a valid response rate of 42%. The survey was carried out in the second
semester. 51% of the respondents were male and 49% female. The majority of respondents were full time students
(95%), and most respondents were domestic students (82%). These identified characteristics were highly
representative of the total cohort enrolment.

Most participants were in their first year at university and reported that they had not used blogs prior to the paper.
Development/instruction was therefore provided in use of the software and the specific task of blogging. This
included instruction in creating links to secondary information they had sourced, uploading completed work to
their blogs and using the different writing functions to complete their reflections. Participants gave their informed
consent to participate in the study.

Data collection

Data was collected through a 24-item, three-section survey. Section one collected demographic data patterns of
computer and internet access and use. Section two collected information on ease of blog use. Section three
collected information on perceived impact of blogs on competence development and achievement. Responses for
sections two and three were elicited using a centre-weighted, five-point Likert scale.

Items for the survey were developed based on constructs validated in the technology acceptance model (TAM).
Specifically, this survey focuses on ease of use and perceived usefulness of a particular technology predict
respondents’ intention to continue use of that technology (Davis, 1989; Yi & Hwang, 2003). Most of the students
were using blogs for the first time; examining ease of use was therefore important. Utility items were framed by
the potential of blogs for the development of graduate competencies. The survey was administered online through
the web-based service, Survey Monkey.

ASCILITE 2019 Singapore University of Social Sciences 123



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

Data analysis

Section one data was analysed using descriptive statistics; results are reported in the ‘participants’ section of this
paper. Data from section two (ease of using the blogs) was analysed using descriptive statistics to find mean score
for each item. Data from section three (efficacy of use and perception of quality) was analysed using descriptive
statistics, correlation and regression analysis. Mean scores were calculated to determine impact of the intervention
on the various independent variables listed in Table 2.

Correlation and regression analysis were used to determine strengths of relationships between responses for set
three items. Perceived improvement in quality and quantity of students work (hereafter referred to as Q&Q) was
used as a proxy for perceived competence development and overall achievement. Associations between stated
variables using pairwise correlation was tested. Further tests were conducted on degree of effect of these
independent variables on Q&Q.

A regression model was designed with Q&Q as the dependent variable representing perceived competence
development and overall achievement of students. The following contributing factors are used as independent
variables: increased interest in learning, ability to check work regularly, flexibility in completing tasks, increased
ownership of learning, getting feedback from lecturers, improvement in ability to reflect on learning, improvement
in writing ability, and the effectiveness of using blog tools. The following equation has been used to measure the
impact of each of the independent variables on the Q&Q of students work.

Reliability of the regression model was established through a sequential check by members of the research team.
Researchers independently confirmed model fit and analytical procedures.

Quality& Quantity = a + ByInterest + ,Check + B;Flexibility + B, Ownership
+pBsFeedback + [¢Reflection+ B,Writing + BgTools

Limitations

This design of the study focuses on students’ perceptions of the development of their competencies. This is a
worthwhile focus, as students’ perceptions of the impact of a particular technology is a strong predictor of their
intention to use that in the future. Equally important, student perceptions of quality play a seminal role program
and subject evaluation. This is, however, complimentary to rather than substitutional for observable changes in
graduate competency development. That development, however, is recognised as highly longitudinal; it is unlikely
that large changes would be observed in a semester-long engagement and therefore an observational component
for a study of this length is unlikely to add value. The intended next stage of this study is a program-level, multi-
year study tracking changes in both perception and observable expressed competencies.

Results
Ease of use

Students generally found blog use was easy to use, with a high mean score of 3.90. The item with the highest
mean score (4.20) represented student endorsement that digital uploading was easier than hard copy submission.
While this would seem intuitively obvious, a common issue is whether digital medium does, in fact represent an
easier use, especially where new technology is being employed (Deneen & Shroff, 2014; 18; Teo, 2009). This
was especially salient, given that most of the students had reported not having used blogs prior to the course.
Results relating to ease of use are given in Table 1.

Table 1: Ease of Use

Question Mean
Uploading work directly to the blog was easier than submitting hard copy 4.20
Overall the blog was easy to use 3.90
It was easier to create links to the articles instead of uploading them straight into the blog 3.86
Sufficient information was provided for using blogs 3.70
| was familiar with how to use the blog tools 3.66
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Competence development

Student mean responses to section 2 items were all positive. One goal of using the blog was to afford students
regular feedback from lecturers throughout the semester. The corresponding item yielded the highest mean within
this section, suggesting that students perceived this goal as having been met. From the perspective of both
perception and practice, this is a positive finding. Feedback is a core mechanism in assessment for learning
(Williams, 2011). Students also tend to value instructor feedback over peer feedback both generally and in a
blogging paradigm (Xie, Ke & Sharma, 2008). Thus, the blog appears to meet this benchmark.

Table 2: Descriptive statistics pertaining to competence development

Mean Std. Deviation
Helped get feedback from lecturers (Feedback) 3.799 0.925
Helped check work regularly (Check) 3.735 0.868
Increased flexibility for task completion (Flexibility) 3.718 0.991
Increased ownership of learning (Ownership) 3.667 0.899
Effective tool for writing assessments (Tools) 3.553 1.039
Quality and quantity of work (Q&Q) 3.437 0.987
Improved reflective skills (Reflection) 3.359 0.917
Improved writing ability (Writing) 3.320 0.914
Increased interest in learning (Interest) 3.294 0.957

Interestingly, the three lowest rated items pertained to writing skills development, increased interest in learning
and reflective skills. All three of these items strongly relate to recognised graduate competencies (Jackson, 2010;
Moore & Morton, 2017). The mean was still positive for these items, suggesting that the blogs had some desired
effect, but not to the degree one might hope. As an effective tool for writing assessments, students endorsed blogs,
suggesting that the low improvement score was not a categorical rejection of blogs as a modality for improving
writing. These findings may, therefore confirm that graduate competencies take substantial time to develop and
must be thought of longitudinally.

Results of the correlation analysis are shown in Table 3.

Table 3: Correlation matrix

- Writing .
Q&Q | Interest | Check FIeX|b|I— Owner— Feed- Reflect- Improve- Writing
ity ship back ion Tool
ment
0&Q 1.000
Interest 0.599 | 1.000
Check 0575 | 0.512 | 1.000
E;ex'b"' 0591 | 0478 | 0600 | 1.000
31‘;‘;)””' 0626 | 0590 | 0506 | 0.569 1.000
Feedback | 0.516 | 0.386 | 0.495 | 0.434 0.399 1.000
E‘ff'e‘:t‘ 0504 | 0512 | 0357 |0300 |0362 | 0460 | 1.000
Writing
Improve- | 0.607 | 0.541 | 0.422 | 0.451 0.597 0410 | 0451 | 1.000
ment
\T"g(')tl'”g 0539 | 0.645 |0484 |0565 |0493 |0454 |[0401 | 0473 1.000

All pairings demonstrated positive correlation, with 18 pairs showing significant correlation. The strongest
correlation, at 0.645 was between blogs increasing interest in learning and serving as effective writing tools. There
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was also a strong correlation between perceived flexibility in completing weekly tasks and respondents’ ability to
check their work regularly. Given the importance of self-regulation and its recognised connection to regular task
engagement this is an especially interesting finding in terms of blogs facilitating graduate competencies.

With the exception of Q&Q correlation, feedback pairings all fell below the threshold of significance. This is
especially interesting, given that feedback yielded the highest mean response (see Table 2). This suggests that
while the mechanism of instructor feedback was seen as well served by the blog, its relationship to other
substantive areas, such as writing was limited. Feedback is critical to assessment of and for learning, and an issue
of concern in choosing private versus public blogging. One implication is that concomitant with increasing access
to feedback, students must be afforded feedback that is better focused on the desired aims, such as fostering
graduate competencies.

Table 4. Regression results

Coefficient t-statistic P value

Intercept -0.551%** -2.82 0.005
Interest 0.120** 2.09 0.037
Check 0.147*** 2.59 0.010
Flexibility 0.168*** 3.26 0.001
Ownership 0.194*** 3.38 0.001
Feedback 0.119** 2.43 0.016
Reflection 0.148*** 3.03 0.003
Writing 0.204*** 3.86 0.000
Tools 0.023 0.46 0.647
R? 0.609

F-Statistic 58.39

No. of observations 309

** and ***indicate significance at p < 0.05 and p < 0.01 or better level respectively

The results of the regression analysis are shown in Table 4. The regression model shows an R2 of 0.61 suggesting
that the factors used to test the dependent variable (Q&Q) are relevant variables with an adjusted R2 of 0.60. The
model demonstrates good fit with an F value of 58.39 and a significance level of 0.000. The intercept with a
coefficient of -0.551 and significant at 5% indicates that participants’ perception of improvement in the quality of
their work cannot be possible without the explanatory variables used in the model.

The most significant impact on Q&Q is from perception of improvement in writing ability with a t-statistic of
3.86 and significant at 1% (p= 0.000). Thus, improvement in writing ability was the seen as the most significant
reason for improvement in the Q&Q of participants’ work. It’s not that the low endorsement indicated little
perceived change; rather, this may be understood as a conservative process; participants may not see themselves
changing radically if they see themselves as skilled already. That does not, however prevent incremental changes
in writing ability from having a profound effect, as seen in both the correlation matrix and regression table. Thus,
this finding affirms that writing ability is perceived as a graduate competency; it appears longitudinal in nature
and participants make powerful connections to other valuable areas of the learning engagement and assessment.

As part of their weekly tasks, students were required to write paragraphs on their learning using trigger questions
provided. Analysis shows that writing weekly reflections resulted in perception of improved of writing ability
with the most positive influence on Q&Q of their work. Improved writing ability yielded the lowest mean, but
this was still perceived as having a potent relationship to enhanced Q&Q. It may be that this single blogging
opportunity did not yield sufficient opportunity for students to perceive dramatic changes in their writing, but that
the changes that were perceived mattered. Taken together with the correlation between interest in learning and the
blog as a writing assessment, this suggests a potentially complex relationship around graduate competencies,
assessment and writing.

Increased ownership of students learning, flexibility in task completion and development of reflection skills all
demonstrated significant regression onto Q&Q. The increased ownership of learning may provide students’
greater motivation to achieve at a higher level. Giving flexibility to students to complete their work may have a
positive effect on their work since it enables them to access their work anytime and make changes as and when
they have new ideas. The development in students’ reflective skills may help them to reflect on the feedback given
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by lecturers and to incorporate new ideas into their work. The results show that the students found formative
feedback from lecturers very useful and that it had a positive impact on the Q&Q of their work (t= 3.03; p=0.03).

Discussion

Students seemed to connect interest in learning to the blogs ability to function as a writing assessment. Students
who reported that the blog provided greater flexibility in completing weekly assessment tasks were also likely to
have reported that this improved ownership of their learning. Those students who reported an increased ownership
of learning were also more likely to have indicated that it led to an overall improvement in the quality and quantity
of their work (Q&Q). This adds to a growing body of research suggesting that technology-enhanced
assessment(TEA), when perceived as useful may have a strong relationship to ownership of learning (Shroff &
Deneen, 2014).

There was also a strong correlation between students who reported that they were able to check their work
regularly and make improvements based on formative feedback received from their lecturers and those that
reported that it increased the Q&Q of their work. Thus, students who perceive blogs as a flexible, regular learning
and assessment engagement appear more likely to perceive benefit in areas essential to graduate competencies.
Sustainable assessment and sustained engagement with assessment are key factors in assuring both assessment
for learning and learning that extends beyond the immediacy of an academic environment (Boud, 2000). In
designing blogs as sustained and sustainable assessment, attention should, therefore be given to assuring blogs are
well-received by students and that the curriculum requires they regularly build on the blog.

This supports existing research that as a graduate competency, writing has a connection to other recognised
graduate competencies (Hodges & Burchnell, 2003; Moore & Morton, 2017). However, the most significant
impact on Q&Q was the improvement in students’ writing ability. Although improved writing ability yielded the
lowest mean score in section 2, this was still in the view of the students a potent relationship to enhance Q&Q.
Given the strong correlation between interest in learning and blog as a writing assessment, this suggests a
potentially complex relationship around graduate competencies, assessment and writing. This further supports the
idea that future research and practice should expand the use of blogs as assessment beyond a single paper. Doing
so might further enhance the potential of blogs to develop writing ability and its connection to other graduate
competencies.

Using blogs at the higher education level is appealing because technology literate students readily adopt such tools
(Chawinga, 2017; Top. 2012). One would therefore expect an increase in interest in learning to then impact
significantly on students’ learning and achievement. However, our results show that the increase in interest in
learning due to the use of computer-based technology with ‘tech-savvy’ students does not have a very significant
impact on Q&Q. Thus, while increased interest in learning has a significant correlation with some of the elements
under study, this does not seem to hold to the larger concept of Q&Q. Given the importance of students’ interest
in learning to life-long and career long development, the complex relationship of interest to Q&Q, blogs and
Graduate Competencies warrants further study.

Conclusion

It is essential for university graduates to have an array of graduate competencies for immediate and long-term
success in professional work environments. Emerging research suggests that professional degree programs are not
optimizing opportunities to enhance graduate competencies development. This paper reports on the findings of a
research project that aimed to explore student perceptions on the efficacy of blogs as assessment for fostering
graduate competencies development.

One implication for practice is that the use of blogs or any TEA for graduate competencies development might be
better suited to longitudinal use, such as a multi-year student tethered design. Further research on this is warranted.

The low positives for the graduate competency results suggest that the blog was not as high-impact in these areas.
This may have been due to the relative complexity and time needed to develop these as compared to the more
mechanical elements such as increasing frequency of feedback. This finding may confirm that graduate
competencies take substantial time to develop and must be thought of longitudinally.

As areas for future research, students’ perceptions between public and private blog use might be compared, to
determine what, if any difference collaborative blog models have on perceptions of graduate competencies
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achievement. Similarly, there are plans to extend this research further by utilizing work product evaluations, to
compare student perceptions with instructor perceptions of impact.
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The Australian and New Zealand Virtual Worlds Working Group (VWWG) was established
in 2009. Members of the group have written papers for ASCILITE conferences since 2010.
Each paper’s intention is to provide an overview on using virtual worlds in higher education,
especially the practical aspects of incorporating 3D worlds to enhance student learning. This
VWWG’s paper looks at a virtual world as a space for digital learning and exploratory
pedagogy — meaning, that the authors perhaps do not perceive virtual worlds as ordinary.
However, they do acknowledge that those who do not regularly engage in virtual worlds may
see it as new and innovative, perhaps even untested ground, but still with a degree of
unfamiliarity. A survey was sent to the members of the VWWG in which the narratives have
provided rich data for in depth understanding. The themes focused in the survey were
‘disruptive thinking’, ‘emerging ideas’ and ‘lateral connections’, from the perspective of the
respondents’ experiences in the implementation of virtual worlds in education. They discuss
the idea of a virtual world used in education as a new treasure, or perhaps it has been in use for
some time and now classified as traditional.

Keywords:
Virtual worlds, Second Life, disruption, emerging ideas, lateral connections

Introduction

The study is to investigate whether virtual worlds are a space for digital learning and exploring pedagogies. The
paper discusses virtual worlds from the perspective of disruptive thinking, emerging ideas and lateral connections.
A survey was sent out to The Australian and New Zealand Virtual Worlds Working Group (VWWG) community
in which the 13 authors who responded provided rich data for further understanding current themes and issues. It
is held that the respondents represent expert opinion. The paper was written by a team of researchers who had
diverse backgrounds and viewpoints on the topic. What was found from the process is that it there still seems to
be a perception that virtual worlds are untested grounds.

Context
The Australian and New Zealand Virtual Worlds Working Group (VWWG) was established in 2009 rapidly

expanding to a steady membership of approximately 200 members. Since its establishment, the VWWG have
conducted research and in which the results have been disseminated at conferences such as ASCILITE to provide
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a longitudinal account of the members’ experiences of using a virtual world in higher education. In this paper, we
first provide an overview of past papers written by members of the VWWG, followed by an outline of this paper.
In 2017, 18 members of the VWWG wrote a paper for ASCILITE looking at virtual worlds from the perspective
of individuals, institutions and technology (Gregory et al., 2017). Twenty VWWG members presented the
perspective of their students on innovation and design (Gregory et al., 2016). In 2015, 30 authors looked at critical
perspectives of educational technologies (Gregory et al., 2015). In 2014, 32 authors discussed past, present and
future uses of virtual worlds (Gregory et al., 2014). In 2013, 52 authors wrote a paper on remembering the past,
understanding the present and imagining the future (Gregory et al., 2013). In 2012, 46 authors discussed sustaining
the future through virtual worlds (Gregory et al., 2012). 2011 saw 47 authors exploring how virtual worlds were
contributing to change through innovative teaching and learning (Gregory et al., 2011) and, in 2010, 21 authors
outlined how virtual worlds were transforming the future (Gregory et al., 2010). There has been much insight and
advice given via these papers, and it should serve to prove the path well marked.

Literature review

Online learning has become popular in higher education in Australia due to the advancements in technology,
developments in the job market, and the geographic location of students (Murphy & Stewart, 2017; Xiaoxia & E-
Ling, 2012). There is a different approach and set of skills required in online learning in contrast with face-to-face
learning (Boling et al, 2017; Yamagata-Lynch, 2014). ‘Digital natives’ are “assumed to be more digitally adept
and digitally attuned than previously was the case” (Henderson, Selwyn, Ashton, 2017, p. 1567). Factors for
success in online learning comprise of socialising, support, interaction, flexibility and minimising technical
difficulties (Schrum & Hong, 2002). The social side of university, including social networking, does have a
positive impact for those learning online (Hamid, Waycott, Kurnia & Chang, 2015) through explorative pedagogy.

There are many uses of virtual worlds in learning and teaching in which the virtual world of Second Life is
prevalent (Baker, Wentz, Woods, 2009). The virtual world has in some ways become an alternative way of
learning and a viable option in learning and teaching spaces. Virtual worlds are seen as a new transformative and
disruptive way in the teaching and learning context (Yee, Bailson, Urbanek, Chang & Mer-get, 2017).

Methodology

This is a mixed methods study using both quantitative and qualitative methodologies. A survey was sent out to
academics working at universities in Australia and New Zealand who were members of the VWWG. The 17
questions of the survey were designed to acquire semi-structured responses as well as closed questions for
statistical and thematic analysis. The survey was open for a fixed timeline, and the identities of the respondents
were kept confidential. The main focus of the questions reported here were on disruptive thinking, emerging ideas
and lateral connections. Through the analysis of the results, the authors discussed the notion that a virtual world
is a new educational space, or, perhaps one that has been in use for some time and therefore an established space.
The information was collated and reedited by the authors, forming a loose Delphi process. The qualitative method
used for the study was through a thematic analysis. This was selected as it can identify, analyse, and code common
themes from the data (Braun & Clarke, 2006; Rubin & Rubin, 1995). Narrative research analysis was also used
to further explore their experiences in virtual worlds to represent this in a textual format. Rich data provided more
detail and the complexities with working in the virtual world environment.

Results
Background of respondents

There were 13 respondents to the survey in which eleven were from Australia and two from New Zealand. Out of
the 13 respondents, seven were from universities in capital cities, and six in regional centres. Four were also from
institutes of technology. Due to the long distances between cities and towns, especially in Australia, virtual reality
maybe regarded as a vital form of communication for those who otherwise would not be able to engage in learning.

Discipline areas taught

When members of the VWWG were asked to indicate the discipline they used virtual worlds for, the
overwhelming response was in education with 57% (Figure 1). The other areas were in business (15%) and health,
law, visual and performing arts and other with one respondent each of 7%. The response from law and visual and
performing arts was from the same respondent. The high percentage of education respondents appears atypical of
the active membership group of the VWWG.
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One respondent described in detail the use of virtual worlds. They were not only used widely, but were seen as
the norm:

In the past | used virtual worlds with foundation (bridging/enabling) students. | used virtual worlds with students
from Level 2 to Level 4 (lowest foundation with little high school experience to certificate level) in cohorts from
pre-degree nursing, teaching, engineering, social services, and trades. Currently, | am responsible for professional
development and my students are lecturers. The work | do has a focus on elearning, tertiary teaching, embedding
literacy and numeracy, and assessment and moderation.

m Education m Business
Health Law
m Visual and Performing Arts = Other

Figure 1: Discipline area where virtual world used

Another lecturer discussed how virtual worlds were used by students at all stages of their university experience:
‘Students, Initial Teacher Education undergraduate and postgraduate, master’s students studying educational
technologies.’

Virtual worlds as a means for disruptive thinking

Members of the VWWG discussed a virtual world in terms of disruptive thinking. Virtual worlds, from the
perspective of disruptive thinking, is how the world is transforming. They are transforming from being virtual to
mixed and augmented. It is penetrating into health, business, logistics and teaching. In 2007, Hedberg and
Freebody (p. 8) stated that while technology has been heavily invested in and implemented in the K-12 classroom
“no such disruptive technological innovation seems yet to have challenged traditional pedagogies”.

Virtual worlds have the capacity to stimulate disruptive thinking in students by putting them in learning spaces
that are unusual to them. By asking them to attend class in a virtual space embodied as an avatar, students report
that everyone is so used to ‘chalk and talk’ or teachers writing notes then talking for long extended periods of time
about them. This new wave of innovative pedagogies opens up the classroom environment to a wider world of
communication for a school and particular students to engage with. The students mentioned ways in which virtual
worlds could be used, such as: virtual stores could teach students about commerce in spaces where they can trade
goods and services for real rewards. Virtual governments could teach students about civics and responsibility.
Historical characters could be brought to life and scenes re-enacted. Theoretical mathematics could be given real
applications in the virtual world. Virtual teaching could be practiced prior to going into the real world to teach.

As Jacka (2018, p. 29) states, “the introduction of an innovative technology, like virtual worlds, into the
conservative environment of education can be challenging because it has the capacity to disrupt the status quo.”
She went on to state that “the lessons that can be learnt from observing the patterns in the adoption of disruptive
innovations is that they often at first appear to be of little value to current practices. It is not until the practices
have changed in an almost synchronistic manner with the technology adoption that the type of use, usefulness,
and ease of use of the technology emerge as an obvious and integrated part of society and/or education”, (p. 32).
If we can disrupt the norm through digital innovation that in turn becomes a disruptive innovation, then we can
hope to begin to see changes in the level of engagement that both teachers, faculty and students will have for
collectively coming together in traditional spaces for learning.
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By allowing students to form narratives and control their content and output, virtual worlds afford greater freedom
than might be easily achieved in a classroom setting. It can allow a level of anonymity so students could assess
themselves or interact in ways that bolster their self-esteem and social interaction. Virtual worlds can be used to
support roleplay in a way that cannot be afforded in a classroom setting. This may allow for students to develop
empathy with communities or population they may otherwise have no buy-in.

The weight of ‘pedagogical’ thinking and decisions are being heavily led by ‘student satisfaction’ scores leaving
academics to play in a very safe zone far away from disruptive thinking. The concept of using an avatar in virtual
worlds frees up one’s identity and ‘permits’ disruptive thinking in an academic world which is increasingly
regulated and controlled.

The traditional approach to the use of narrative is either short disconnected text-based problems discussed in
tutorials and/or references in lectures or tutorials, to literature (such as the Merchant of Venice or Bleak House).
Machinima created using virtual worlds disrupts that traditional model: it enables the creation of engaging, multi-
layered and dynamic scenarios that are tailored to the material being taught and, for a generation of students who
have typically grown up in a world surrounded by films and television, makes that material more accessible by
enabling them to put faces to names in situations which they can readily identify. In this way it helps them to
appreciate the relevance of what they are studying to real world practice.

Virtual worlds provide opportunities in teacher education to disrupt student thinking in relation to the classroom
and school learning spaces, to practice pedagogical approaches in such spaces, to go beyond limitations of real
world physical spaces, i.e., for students to build large objects impossible in real, or a space station (Boyd, & Ellis,
2013). In addition, it provides a disruptive perspective on/off-campus learning through virtual excursions to virtual
spaces, static 3D images, and streamed or recorded 3D video spaces.

One VWWG respondent stated that their first entrance into virtual worlds, a decade ago, left them feeling a sense
of extreme discomfort. It originated in a fear of the unknown or possibly even a sense of inadequacy. They refused
to fail and challenged themselves to get to a point where they felt comfortable operating in the environment.
Without that sense of discomfort, they would have missed the shift to disruptive thinking. Virtual worlds provide
a constant push towards disruptive and creative thinking and this can be seen in the students as well as lecturers.
Those who persevere enjoy the benefits of learning in a unique environment. The technical limitations become
fewer and fewer as time goes by and the possibilities for the future are endless.

Virtual worlds in 2003 and 2019 are very different. As technology develops, so too does the potential for
educational engagement in virtual world pedagogy. The technology is now easier to use and less fraught with
potential technical glitches. Students are more receptive to working in a virtual environment as life around them
gravitates more and more online. Lecturers see the software as less frightening and the learning curve is not as
steep as it was in the past. Disruptive, creative, challenging thinking leads to change. Virtual worlds are not
immune to this change. The changes are exciting for education. The possibility of engaging with real world
objects, or address real world problems while immersed in a virtual world, hold great potential station (Boyd, &
Ellis, 2013). The use of mixed realities opens up potentialities for engrossing learning experiences. The traditional
lectures will soon be relics from the past. Digital reality is the natural progression from virtual worlds, virtual
reality (VR), augmented reality (AR), and mixed reality (MR). Digital reality will allow students to see precise
demonstrations, participate in training with ‘real’ equipment, and engage in accurate workplace scenarios far
earlier than currently possible.

The technical and social settings in virtual environments are constantly evolving, paving the way for new ideas
and developments in education. The demand for more improved features will drive the need for research and
development. The developments will also attract more users to 3D virtual spaces, creating a virtuous circle of
learning and teaching. Virtual worlds provide spaces to encourage brain storming and the discussion of emerging
ideas. They are a space for molding emerging ideas. Microsoft HoloLens and Oculus Rift are examples of how
the virtual world is transforming the use of technology in various domains.

It seems that as an emerging idea, the technology of a virtual world itself, has not really progressed if we focus
on virtual worlds such as Second Life. However, the development of other parts of the technology such as virtual
reality and augmented reality that combine with virtual worlds and extend the idea seem to be moving us in a
direction that will eventually show that adoption in education is as likely as in the area of entertainment. Having
access to virtual worlds (and the extras; VR, AR) mean that we can experiment with ideas in a fairly ‘low-fi’ way.
That is, we do not necessarily need a lot of money to put into place exploratory pedagogy and learning. This is
what is exciting about virtual worlds, one can create the spaces they are imagining without employing a designer
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or programmer. It opens up potential for teachers and students to do the same and to have a place to prototype
various ideas in a simulation of the ‘real world’. This way, we can test out ‘emerging ideas’.

From the design and construction perspective, the use and accuracy of virtual worlds in building modelling begins
to blur the lines between the virtual and the real world. Improved modelling capabilities that increase the accuracy
and ability of the virtual world to ‘replicate’ the real world where not only does art imitate life, but art influences
life. Virtual worlds provide spaces in which to integrate VR experiences and sandpit environments in which
learners can engage with exploratory pedagogy — for example, design and construction, physical learning space
creation and experimentation.

Lateral connections of virtual worlds

Virtual worlds have always had the capacity to create cross-disciplinary work. It can connect people from a range
of disciplines and expertise which more easily enables lateral connections. For example, the use of the virtual
world in design modelling has increasingly been merging architecture and drafting with cost engineering, or
quantity surveying fields; as a social space in which lecturers, students and researchers come together and
experience the same thing at the same time, and work together. It also lends itself to having collaborations in order
to fully develop some of the more complex ideas researchers and lecturers are trying to investigate. In some ways
it is found to flatten hierarchy. This may be because all are embodied as avatars and many come in with the same
level of ‘skills’ in terms of navigation and building.

Building communities, as well as virtual artifacts, are highly significant and necessary in virtual worlds. Virtual
environments can be seen in 3D versions of the popular social media sites. In an open world context, the student
may form large social networks, however with the same constraints put on learning within a virtual world that is
present in real life learning spaces, the student’s ability to form these connections is retarded, thinking that
constraints in real life learning spaces need to be reconsidered and the affordances of virtual worlds given space
to develop.

Learning in a virtual world cannot occur in the traditional sense of gathering knowledge (e.g., accumulating facts).
Learning within a virtual world incorporates ‘things’ lateral to the central act of knowledge gathering. This
involves concepts such as collaboration, building relationships, problem solving, navigating and existing in not
one but two worlds, i.e., through social presence. The nature of learning in a virtual world enables these lateral
connections to flourish as learners who are unencumbered by their ‘real self/real world” norms may have enhanced
experiences and outcomes of learning.

Virtual worlds are bringing forth lateral connection by merging various fields and endangering a fusion of
technology and business. A virtual world such as Second Life offers so much flexibility and possibility from a
storytelling point of view that it enables even mundane study programs to be redesigned as vibrant learning
experiences. It also facilitates the building of bridges not only between different parts of one subject but also
between different subjects in a way not possible using traditional approaches. Virtual worlds often provide
examples of the use of spaces and activities within virtual worlds, particularly as exemplars, that students and
academics may not experience in the real world. i.e., approaches used in drama education for science educators
and students.

Finally, an example of the importance of a collaborative group, such as the VWWG, was outlined by one
respondent where they describe how they were first involved in a virtual world project, Second Life Education
New Zealand (SLENZ) in 2009. They were an educator for the foundation (bridging/enabling) project. The
respondent was impressed by the collaborative nature of education in Second Life. Later, this person joined the
VWWG. This group of educators shared their projects, ideas, and research. For several years she has used Second
Life for a role-play assessment for her pre-degree nursing students. The role-play ‘patients’, who also functioned
as assessors, were their colleagues from the VWWG. Students would select a condition that affected a body
system. They would research the condition and produce an informative leaflet/brochure for their patients. These
would cover everything from breast cancer to diabetes. Her colleagues, members of the VWWG, would receive
their leaflets/brochures in time to prepare for their timetables role-play(s). Student feedback from these
assessments was very positive. The main thing they appreciated was meeting a ‘real patient’ and receiving
feedback about their performance from someone other than their lecturer. One student response stated ‘meeting
someone new was great. My assessment report had lots of details and | knew what | had done right and what |
could do better. It was fun and I learned a lot’.
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Disruptive thinking, emerging ideas and lateral connections

The respondents of the survey discussed the three themes, disruptive thinking, emerging ideas and lateral
connections from a view of a virtual world as an innovation and through student feedback. Following are responses
from the VWWG members through the survey in relation to innovation. The survey asked how respondents are
being innovative in their use of virtual worlds as a learning resource. Following this are some responses from
students about how they felt about their experiences in using virtual worlds for learning.

Respondent feedback on innovation

As outlined, the respondents to the survey found virtual worlds in education not to be a new space but perhaps
more of an untapped, unmined or even forgotten resource. Respondents discussed how they had been innovative
in the virtual world space in which they taught/researched.

One respondent stated that they re-use and re-purpose the resources that exist currently in virtual worlds. An
example was through the use of a foundation interviewing site in a virtual world which had been used for a nursing
interview room for role-play assessments with pre-degree nursing students. Many of the respondents stated that
they are prepared to try anything that will be of benefit to their students and assist them in disruptive, creative
thinking and lifelong learning.

Several respondents state that they have plans to move their virtual world activities and games in a virtual reality
activity, demonstrating the use of emerging ideas through the coding that would have to be undertaken for this to
eventuate. This is particularly true of any of the virtual world games that have been used with students that lend
themselves to this conversion.

One member of the VWWG community uses virtual worlds to create machinima, through lateral connections,
which involves film making techniques and multiple stages of production. Video recording and recording of voice
talent is undertaken separately, with video and audio synchronised in the editing process. In addition, the narratives
depicted by machinima are linked by recurring characters and continuing storylines. This aids engagement
because students are already familiar with the characters, their relationships with each other, and the context of
those relationships. Machinima is used in a variety of ways in the various subjects, including to facilitate class
discussions, summative class activities (e.g., negotiation role plays), to provide instruction, to provide feedback,
and to contextualise otherwise abstract principles.

One second-year elective class is through a blended delivery as 50% of the course is delivered face-to-face in a
lab, the other 50% is delivered virtually in Second Life. Both methods complement each other but can also ‘feel’
disjointed from the learner’s point of view. The challenge was to bring theory and practice together through
disruptive thinking. The learners are often paired-up to ‘teach’ each other. This concept is not new, and is
considered to be an industry standard in software development referred to as ‘pair programming’. Once the
learners are paired up, one learner takes the role of the ‘driver’, and the other learner becomes the ‘navigator’.
The driver has control of the keyboard but strictly listens to the instructions from the navigator, who has to give
instructions to follow but is not permitted to touch the keyboard. The aim of this practice is to encourage learners
to become ‘teachers’ and cement their learning by teaching the other learner. This practice takes longer but
encourages learners to justify their actions in using and building in virtual worlds.

Pre-service teachers were taken into the virtual world and asked to imagine how they can get their future classroom
students to use virtual worlds to respond to the learning they were going to develop through emerging ideas. The
pre-service teachers were asked to think about what types of technology they would use with their classroom
students (K-12 classroom students). This often means that the pre-service teachers have to really change (and
challenge) their thinking about what is possible, particularly when shown the work that eight-year-old classroom
students have made.

Student feedback on their experiences in virtual worlds

All respondents of the survey stated that they regularly receive feedback from their students in relation to their
experiences in using a virtual world for learning. Various quotes from different student groups follow.

In the pre-degree nursing role-play assessments, students stated that “It is a good experience. It gives me some

ideas about what a real nurse is. It is also a good challenge. I feel more confident that I can be a nurse.” This was
reassuring for the lecturer to know that the students found their learning a challenge but the experience made them
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more confident to put what they had learnt into practice. They stated that they liked communicating with their
patient. Saying “I really enjoyed communicating and understanding the importance of the role as nurse. Nursing
is my career because I love helping people”.

One comment depicts one of the major benefits of using a virtual world: “Today on our virtual ability visit in
Second Life virtual world we had the chance of interacting virtually and asking questions after introducing
ourselves. This opportunity to meet a very large virtual community of disabled residents has taught me many
things. Second Life has given emotional and physical mobility to people who in the real world struggle with their
disabilities. They enjoy each other’s company no matter their ages or impairment. They seem so close and loving
even though they are separated by continents and cultures. I thoroughly enjoyed my session in their world”.

Further, another student from the same group, demonstrated disruptive thinking, by reiterating the previous
response with “We visited virtual ability island where we had an opportunity to meet avatars from other countries.
These avatars in real life are actually living with limited mobility and face challenges performing simple tasks
that we take for granted such as sitting and walking. In Second Life they are able to be free of their disabilities
and to meet as friends and equals. Their connection is intense and I couldn’t believe how close their friendships
were”.

One respondent stated that a reason the virtual world community is quite effective is because it is very welcoming
to people from all over the world belonging to different race, age group, ethnicity, culture and gender. People who
may be visually impaired, have certain health conditions, and mentally or physically challenged, can also join this
community which creates a positive and vibrant atmosphere for them. A student stated that “The continuity in
storyline and characters ... was valuable because we didn’t have to focus as much on who was who and could
instead concentrate on the issues.”

The students that one respondent spoke with overwhelmingly liked the experience of learning in Second Life.
They agreed it provided a safe space to learn through scaffolded approaches where theoretical concepts were first
tested in Second Life before going out on practical with real people. Figure 2 provides an example of a school
practicum (professional experience) that was being undertaken in a role play with teacher and learner avatars.
Learners also acknowledged that learning occurred through repetition and reflection - techniques that are used in
real life learning.

Finally, one student summed up their experience with the following: “Thanks so much for setting this up - it was
hilarious and a lot of fun, as well as being educational. Really appreciate this opportunity”. Many learners
throughout Australia and New Zealand have been provided with similar opportunities over the past 10+ years and
each respondent would have very similar stories to share.

Figure 2: Demonstration of a virtual class being undertaken with teacher/student avatars

Conclusions
Despite such hurdles, virtual worlds continue to demonstrate an experience that is difficult, impossible, or even

too expensive, to replicate in real life. The main question of whether a virtual world is a new space for digital
learning experiences can be answered quite easily. It is mostly definitely a space that is valued by many educators,
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researchers and students who have had the privilege of experiencing the use of a virtual world in teaching, research
and learning. The authors of the VWWG formed in 2009, ten years ago. They formed when virtual worlds in
education had been undertaken for some time (for example, Second Life, was established in 2003). Therefore, in
terms of technology, virtual worlds are definitely not new. In terms of a new space and pedagogy, the members
of the VWWG would all agree that virtual worlds are as they provide a way in which to teach, learn and research
in ways that are simply impossible in real life. They also provide a space in which to replicate real life to take
away barriers that prevent the teaching, learning and research that inhibit this — be it cost, time, safety or a
multitude of factors.

The authors have discussed their perspective of virtual worlds from three different angles: disruptive thinking,
emerging ideas and lateral connections. From the authors perspective, virtual worlds are a tool in which educators,
researchers and students can use in almost any context to provide experiences and a definitive answer to the
question of whether or not virtual worlds are a space for digital learning and exploration of pedagogies — they
most definitely are, they are just not new.
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Exploring knowledge reuse in design for digital learning:
tweaks, H5P, constructive templates and CASA

David Jones
Griffith University
Australia

Higher education is being challenged to improve the quality of learning and teaching while at
the same time dealing with challenges such as reduced funding and increasing complexity.
Design for learning has been proposed as one way to address this challenge, but a question
remains around how to sustainably harness all the diverse knowledge required for effective
design for digital learning. This paper proposes some initial design principles embodied in the
idea of Context-Appropriate Scaffolding Assemblages (CASA) as one potential answer. These
principles arose out of prior theory and work, contemporary digital learning practices and the
early cycles of an Action Design Research process that developed two digital ensemble
artefacts for 7 courses (units, subjects) and in less than a year been used in over 60 sites.
Experience with this approach suggests it can successfully increase the level of design
knowledge embedded in digital learning experiences, identify and address shortcomings with
current practice, and have a positive impact on the quality of the learning environment.

Keywords:
Design for Learning, Digital learning, NGDLE.

Introduction

Learning and teaching within higher education continues to be faced with significant, diverse and on-going
challenges. Challenges that increase the difficulty of providing the high-quality learning experiences necessary to
produce graduates of the standard society is expecting (Bennett, Lockyer, & Agostinho, 2018). Goodyear (2015)
groups these challenges into four categories: massification and the subsequent diversification of needs and
expectations; growing expectations of producing work-ready graduates; rapidly changing technologies, creating
risk and uncertainty; and, dwindling public funding and competing demands on time. Reconceptualising teaching
as design for learning has been identified as a key strategy to sustainably, and at scale, respond to these challenges
in a way that offers improvements in learning and teaching (Bennett et al., 2018; Goodyear, 2015). Design for
learning aims to improve learning processes and outcomes through the creation of tasks, environments, and social
structures that are conducive to effective learning (Goodyear, 2015; Goodyear & Dimitriadis, 2013). The ability
of universities to develop the capacity of teaching staff to enhance student learning through design for learning is
of increasing financial and strategic importance (Alhadad, Thompson, Knight, Lewis, & Lodge, 2018).

Designing learning experiences that successfully integrate digital tools is a wicked problem. A problem that
requires the utilisation of expert knowledge across numerous fields to design solutions that respond appropriately
to the unique, incomplete, contextual, and complex nature of learning (Mishra & Koehler, 2008). The shift to
teaching as design for learning requires different skills and knowledge, but also brings shifts in the conception of
teaching and the identity of the teacher (Gregory & Lodge, 2015). Effective implementation of design for learning
requires detailed understanding of pedagogy and design and places cognitive, emotional and social demands on
teachers (Alhadad et al., 2018). The ability of teachers to deal with this load has significant impact on learners,
learning, and outcomes (Bezuidenhout, 2018). Academic staff report perceptions that expertise in digital
technology and instructional design will be increasingly important to their future work, but that these are also the
areas where they have the least competency and the highest need for training (Roberts, 2018). Helping teachers
integrate digital technology effectively into learning and teaching has been at or near the top of issues facing
higher education over several years (Dahlstrom, 2015). However, the nature of this required knowledge is often
underestimated by common conceptions of the knowledge required by university teachers (Goodyear, 2015).
Responding effectively will not be achieved through a single institutional technology, structure, or design, but
instead will require an “amalgamation of strategies and supportive resources” (Alhadad et al., 2018, pp. 427-429).
Approaches that do not pay enough attention to the impact on teacher workload run the risk of less than optimal
learner outcomes (Gregory & Lodge, 2015).

Universities have adopted several different strategies to ameliorate the difficulty of successfully engaging in

design for digital learning. For decades a common solution has been that course design, especially involving the
adoption of new methods and technologies, should involve systematic planning by a team of people with
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appropriate expertise in content, education, technology and other required areas (Dekkers & Andrews, 2000). The
use of collaborative design teams with an appropriate, complementary mix of skills, knowledge and experience
mirrors the practice in other design fields (Alhadad et al., 2018). However, the prevalence of this practice in higher
education has been low, both then (Dekkers & Andrews, 2000) and now. The combination of the high demand
and limited availability of people with the necessary knowledge mean that many teaching staff miss out (Bennett,
Agostinho, & Lockyer, 2017). A complementary approach is professional development that provides teaching
staff with the necessary knowledge of digital technology and instructional design (Roberts, 2018). However,
access to professional development is not always possible and funding for professional development and training
has rarely kept up with the funding for hardware and infrastructure (Mathes, 2019). There has been work focused
on developing methods, tools and repositories to help analyse, capture and encourage reuse of learning designs
across disciplines and sectors (Bennett et al., 2017). However, it appears that design for learning continues to
struggle to enter mainstream practice (Mor, Craft, & Maina, 2015) with design work undertaken by teachers
apparently not including the use of formal methods or systematic representations (Bennett et al., 2017). There
does, however, remain on-going demand from academic staff for customisable and reusable ideas for design
(Goodyear, 2005). Approaches that respond to academic concerns about workload and time (Gregory & Lodge,
2015) and do not require radical changes to existing work practices nor the development of complex knowledge
and skills (Goodyear, 2005).

If there are limitations with current common approaches, what other approaches might exist? Leading to the
research question of this study:

How might the diverse knowledge required for effective design for digital learning be shared and used sustainably
and at scale?

An Action Design Research (ADR) process is being applied to develop one answer to this question. ADR is used
to describe the design, development and evaluation of two digital artefacts - the Card Interface and the Content
Interface — and the subsequent formulation of initial design principles that offer a potential answer to the research
question. The paper starts by describing the research context and research method. The evolution of each of the
two digital artefacts is then described. This experience is then abstracted into six design principles encapsulated
in the concept of Context-Appropriate Scaffolding Assemblages (CASA). Finally, the conclusions and
implications of this work are discussed.

Research context and method

This research project started in late 2018 within the Learning and Teaching (L&T) section of the Arts, Education
and Law (AEL) Group at Griffith University. Staff within the AEL L&T section work with the AEL’s teachers to
improve the quality of learning and teaching across about 1300 courses (units, subjects) and 68 programs
(degrees). This work seeks to bridge the gaps between the macro-level institutional and technological vision and
the practical, coal-face realities of teaching and learning (micro-level). In late 2018 the macro-level vision at
Griffith University consisted of current and long-term usage of the Blackboard Learn Learning Management
System (LMS) along with a recent decision to move to the Blackboard Ultra LMS. In this context, a challenge
was balancing the need to help teaching staff continue to improve learning and teaching within the existing
learning environment while at the same time helping the institution develop, refine, and achieve its new macro-
level vision. It is within this context that the first offering of Griffith University’s Bachelor of Creative Industries
(BCI) program would occur in 2019. The BCl is a future-focused program designed to attract creatives who aspire
to a career in the creative industries by instilling an entrepreneurial mindset to engage and challenge the practice
and business of the creative industries. Implementation of the program was supported through a year-long strategic
project including a project manager and educational developer from the AEL L&T section working with a
Program Director and other academic staff. This study starts in late 2018 with a focus on developing the course
sites for the seven first year BCI courses. A focus of this work was to develop a striking and innovative design
that mirrored the program’s aims and approach. A design that could be maintained by the relevant teaching staff
beyond the project’s protected niche. This raised the question of how to ensure that the design knowledge required
to maintain a digital learning environment into the future would be available within the teaching team?

To answer this question an Action Design Research (Sein, Henfridsson, Purao, & Rossi, 2011) process was
adopted. ADR is a merging of Action Research with Design Research developed within the Information Systems
discipline. ADR aims to use the analysis of the continuing emergence of theory-ingrained, digital artefacts within
a context as the basis for developing generalised outcomes, including design principles (Sein et al., 2011). A key
assumption of ADR is that digital artefacts are not established or fixed. Instead, digital artefacts are ensembles
that arise within a context and continue to emerge through development, use and refinement (Sein et al., 2011).
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A critical element of ADR is that the specific problem being addressed — design of online learning environment
for courses within the BCI program — is established as an example of a broader class of problems — how to
sustainably and at scale share and reuse the diverse knowledge required for effective design for digital learning
(Seinetal., 2011). This shift moves ADR work beyond design — as practised by any learning designer —to research
intending to provide guidance to how others might address similar challenges in other contexts that belong to the
broader class of design problems.

Figure 1 provides a representation of the ADR four-stage process and the seven principles on which ADR is based.
Stages 1 through 3 represent the process through which ensemble digital artefacts are developed, used and evolved
within a specific context. The next two sections of this paper describe the emergence of two artefacts developed
for the BCI program as they cycled through the first three ADR stages numerous times. The fourth stage of ADR
— Formalisation of Learning — aims to abstract the situated knowledge gained during the emergence of digital
artefacts into design principles that provide guidance for addressing a class of field problems (Sein et al., 2011).
The third section of this paper formalizes the learning gained in the form of six initial design principles structured
around the concept of Contextually Appropriate Scaffolding Assemblages (CASA).

8 :

1. Problem Formulation

Principle 1: Practice-Inspired Research l
Principle 2: Theory-Ingrained Artifact

3. Reflectionand 3 (4. Formalisation of
\ S Learning Learning

trinciple 6: Guided Emergence Principle 7: Generalised Outcomes J

[2. Building, Intervention\
and Evaluation T

A o

Principle 3: Reciprocal Shaping
Principle 4: Mutually Influential Roles
Principle 5: Authentic & Concurrent

\ Evaluation

Figure 1 — ADR Method: Stages and Principles (adapted from Sein et al., 2011, p. 41)

Card Interface (artefact 1, ADR stages 1-3)

In response to the adoption of a trimester academic calendar, Griffith University encourages the adoption of a
modular approach to course design. It is recommended that course profiles use modules to group and describe the
teaching and learning activities. Subsequently, it has become common practice for this modular structure to be
used within the course site using the Blackboard Learn content area functionality. To do this well, is not straight
forward. Blackboard Learn has several functional limitations in legibility, design consistency, content
arrangement and content adjustment that make it difficult to achieve quality visual design (Bartuskova, Krejcar,
& Soukal, 2015). Usability analysis has also found that the Blackboard content area is inflexible, inefficient to
use, and creates confusion for teaching staff regardless of their level of user experience (Kunene & Petrides, 2017).
Overcoming these limitations requires levels of technical and design knowledge not typically held by teaching
staff. Without this knowledge the resulting designs typically range from purely textual (e.g. the left-hand side of
Figure 2) through to exemplars of poor design choices including the likes of blinking text, poor layout,
questionable colour choices, and inconsistent design. While specialist design staff can and have been used to
provide the necessary design knowledge to implement contextually-appropriate, effective designs, such an
approach does not scale. For example, any subsequent modification typically requires the re-engagement of the
design staff.

To overcome this challenge the Blackboard Learn user community has developed a collection of related solutions
(Abhrahamson & Hillman, 2016; Plaisted & Tkachov, 2011) that use Javascript to package the necessary design
knowledge into a form that can be used by teachers. Griffith University has for some time used one of these
solutions, the Blackboard Tweaks building block (Plaisted & Tkachov, 2011) developed at the Queensland
University of Technology. One of the tweaks offered by this building block — the Themed Course Table - has
been widely used by teaching staff to generate a tabular representation of course modules (e.g. the right-hand side
of Figure 2). However, experience has shown that the level of knowledge required to maintain and update the
Themed Course Table can challenge some teaching staff. For example, re-ordering modules can be difficult for
some, and the dates commonly used within the table must be manually added and then modified when copied
from one offering to another. Finally, the inherently text-based and tabular design of the Themed Course Table is

ASCILITE 2019 Singapore University of Social Sciences 141



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

also increasingly dated. This was an important limitation for the Bachelor of Creative Industries. An alternative
was required.

Learning Activities Learning Activities (themed course table)

What's

What does masterful teaching look like?

d L&T? Why?

Hows will | find and evaluate emerging practice?

Figure 2 — Example Blackboard Learn Content Areas: Textual versus Themed Course Table

That alternative would use the same approach as the Themed Course Table to achieve a more appropriate outcome.
The approach used by the Themed Course Table, other related examples from the Blackboard community, and
the H5P authoring tool (Singh & Scholz, 2017) are contemporary examples of constructive templates (Nanard,
Nanard, & Kahn, 1998). Constructive templates arose from the hypermedia discipline to encourage the reuse of
design knowledge and have been found to reduce cost and improve consistency, reliability and quality while
enabling content experts to author and maintain hypermedia systems (Nanard et al., 1998). Constructive templates
encapsulate a specific collection of design knowledge required to scaffold the structured provision of necessary
data and generate design instances. For example, the Themed Course Table supports the provision of data through
the Blackboard content area interface. It then uses design knowledge embedded within the tweak to transform that
data into a table. Given these examples and the author’s prior positive experience with the use of constructive
templates within digital learning (Jones, 2011), the initial plan for the BCI Course Content area was to replace the
Course Theme Table “template” to adopt both a more contemporary visual design, and a forward-oriented view
of design for learning. Dimitriadis and Goodyear (2013) argue that design for learning needs to be more forward-
oriented and consider what features will be required in each of the lifecycle stages of a learning activity. That is,
as the Course Theme Table replacement is being designed, consider what specific features will be required during
configuration, orchestration, and reflection and re-design.

The first step in developing a replacement was to explore contemporary web interface practices for a table
replacement. Due to its responsiveness to different devices, highly visual presentation, and widespread use
amongst Internet and social media services, a card-based interface was chosen. Based on the metaphor of a paper
card, this interface brings together all data for a particular object with an option to add contextual information.
Common practice with card-based interfaces is to embed into a card memorable images related to the card content
(see Figure 3). Within the context of a course module overview such a practice has the potential to positively
impact student cognition, emotions, interest, and motivation (Leutner, 2014; Mayer, 2017). A practical advantage
of card-based interfaces is that its widespread use means there are numerous widely available resources to aid
implementation. This was especially important to the BCI project team, as it did not have significant graphical
and client-side design knowledge to draw upon.

Next, a prototype was developed to test how effectively a card-based interface would represent a course’s learning
modules. An iterative process was used to translate features and existing practice from the Course Theme Table
to a card-based interface. Feedback from other design staff influenced the evolution of the prototype. It also
highlighted differences of opinion about some of the visual elements such as the size of the cards, the number of
cards per row, and the inclusion of the date in the top left-hand corner. Eventually the prototype card interface
was shown to the BCI teaching team for input and approval. With approval given, a collection of Javascript and
HTML was created to transform a specifically formatted Blackboard content area into a card interface.

Figure 3 shows just two of the six different styles of card-based interface currently supported by the Card Interface.
This illustrates a key feature of the original conception of constructive templates - separation of content from
presentation (Nanard et al., 1998) —allowing for different representations of the same content. The left-hand image
in Figure 3 and the inclusion of dates on some cards illustrates one way the Card Interface supports a forward-
oriented approach to design. Initially, the module dates are specified during the configuration of a course site.
However, the dates typically only apply to the initial offering of the course and will need to be manually changed
for subsequent offerings. To address this the Card Interface knows the trimester weekly dates from the university
academic calendar. Dates to be included on the Card Interface can then be provided using the week number (e.g.
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Week 1, Week 5 etc.). The Card Interface identifies the trimester a course offering belongs to and translates all
week numbers into the appropriate calendar dates.

Learning Activities (card interface)
e IR

WHAT 'S =

NEXT 3

preative Industries

My self, My Reflect, clarify, Consider, Prepare, listen, Food, fitness,
study, My apply communicate write friends
ccccccc

Figure 3 — Two early visualisations of the Card Interface

Despite being designed for the BCI program, the first use of the Card Interface was not in the BCI program.
Instead, in late 2018 a librarian working on a Study Skills site learned of the Card Interface from a colleague.
Working without any additional support, the librarian was able to use the Card Interface to represent 28 modules
spread over 12 content areas. Implementation of the Card Interface in the BCI courses started by drawing on
existing learning module content from course profiles. Google Image Search was used to identify visually striking
images that could be associated with each module (e.g. the left-hand side of Figure 3). The Card Interface was
also used on the BCI program’s Blackboard site. However, the program site had a broader purpose leading to
different design decisions and the adoption of a different style of card-based interface (see the right-hand image
in Figure 3).

Anecdotal feedback from BCI staff and students suggest that the initial implementation and use of the Card
Interface was positive. In addition, the visual improvements offered by the Card Interface over both the standard
Blackboard Content Area and the Course Theme Table tweak led to interest from other courses and programs. As
of early October 2019, the Card Interface has been used in over 100 content areas in over 60 Blackboard sites.
Adoption has occurred at both the program and individual course level led by exposure within the AEL L&T team
or by academics seeing it and wanting it. Widespread use has generated different requirements leading to creative
uses of the Card Interface (e.g. the use of animated GIFs as card images) and the addition of new functionality
(e.g. the ability to embed a video, instead of an image). Requirements from another strategic project led to a
customisation of the Card Interface to provide an overview of assessment items, rather than modules.

With its voluntary adoption in multiple courses and use for different purposes the Card Interface appears to have
successfully encapsulated a collection of design knowledge into a form that can be readily adopted and adapted.
Use of that knowledge has improved the resulting design. Contributing factors to this success include: building
on existing practice; providing advantages above and beyond existing practice; and, the capability for both
teaching and support staff to rapidly customise the Card Interface. Further work is required to gain greater and
more objective insight into the impact of the Card Interface on the student experience and outcomes of learning
and teaching.

Content Interface (artefact 2, ADR stages 1-3)

The Card Interface provides a visual overview of course modules. The next challenge for the BCI project was the
design, implementation and support of the learning activities and resources that form the content of those course
modules. A task that is inherently more creative, important and typically involves significantly more content.
Also, a task that must be completed using the same, problematic Blackboard interface. This requirement is known
to encourage teaching staff to avoid the interface by using offline documents and slides (Bartuskova et al., 2015).
This is despite evidence that failing to leverage affordances of the online environment can create a disengaging
student experience (Stone & O’Shea, 2019) and that course content is a significant influence on students’
perceptions of course quality (Peltier, Schibrowsky, & Drago, 2007). Adding to the difficulty, the BCI teaching
staff either had limited, none, or little recent experience with Blackboard. In the case of contracted staff, they did
not have access to Blackboard. This raised the question of how to support the design, implementation and re-
design of effective modular, online learning resources and activities for the BCI?
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Observation of, and experience with, the Blackboard interface identified three main issues. First, staff did not
know how or have access to the Blackboard content interface. Second, the Blackboard authoring interface provides
limited authoring functionality. For example, beyond issues identified in the literature (Bartuskova et al., 2015;
Kunene & Petrides, 2017) there is no support for standard authoring functionality such as grammar checking,
reference management, commenting, and version control. Lastly, once the content is placed within Blackboard
the user interface is limited and quite dated. On the plus side, the Blackboard interface does provide the ability to
integrate a variety of different activities such as discussion forums, quizzes etc. The intent was to address the
issues while at the same time retaining the ability to use the Blackboard activities.

For better or worse, the most common content creation tool for most University staff is Microsoft Word. Anecdotal
observation suggests that many staff have adopted the practice of drafting content in Word before copying and
pasting it into Blackboard. The Content Interface is designed to transform Word documents into good quality
online learning activities and resources (see Figure 4). This is done by using an open source converter to
semantically transform Word to HTML that is then copied and pasted into Blackboard. A collection of design
knowledge embedded into Javascript then transforms the HTML in several ways. Semantic elements such as
activities and readings are visually transformed. All external web links are modified to open in a new tab to avoid
acommon Blackboard error. The document is transformed into an accordion interface with vertical list of headings
that be clicked on to display associated content. This progressive reveal: allows readers to get an overall picture
of the module before focusing on the details; provides greater control over how they engage with the content; and
is particularly useful on mobile platforms (Budiu, 2015).

Figure 4 — Example Module as a Word document and in the Content Interface in Blackboard

As of early October 2019, the Content Interface has been used to develop over 120 modules in 28 different
Blackboard sites. Experience using the still incomplete Content Interface suggests that there are significant
advantages. For example, Library staff have adopted it to create research skills modules that are used in multiple
course sites. Experience in the BCI shows that sharing documents through OneDrive and using comments and
track changes enables the Word documents to become boundary objects helping the course development team co-
create the module learning activities and resources. Where staff are comfortable with Word as an authoring
environment, the authoring process is more efficient. The resulting accordion interface offers an improvement
over the standard Blackboard interface. However, creating documents with Word is not without its challenges,
especially the use of Word styles and templates. Also, the extra steps required can be perceived as problematic
when minor edits need to be made, and when direct editing within Blackboard is perceived to be easier and
quicker, especially for time-poor teaching staff. Better integration between Blackboard and OneDrive will help.
More advantage is possible when the Content Interface is further contextually customized to offer forward-
oriented functionality specific to the module learning design.

Initial Design Principles (ADR stage 4)

This section engages with the final stage of the ADR process — formalisation of learning — to produce design
principles that help provide actionable insight for practitioners. The following six design principles help guide the
development of Contextually-Appropriate Scaffolding Assemblages (CASA) that help to sustainably and at scale
share and reuse the design knowledge necessary for effective design for digital learning. The design principles are
grouped using the three components of the CASA acronym.
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Contextually-Appropriate

1. A CASA should address a specific contextual need within a specific activity system. The highest quality
learning and teaching involves the development of appropriate context-specific approaches (Mishra & Koehler,
2006). A CASA should not be implemented at an institutional level. Such top-down projects are unable to pay
enough attention to contextually specific needs as they aim for a solution that works in all contexts. Instead, a
CASA should be designed in response to a specific need arising in a course or a small group of related courses.
Following Ellis & Goodyear (2019) the focus in designing a CASA should not be the needs of individual students,
but instead on the whole activity system. That is, consideration should be given to the complex assemblage of
learners, teachers, content, pedagogy, technology, organisational structures and the physical environment with an
emphasis on encouraging students to successfully engage in intended learning activities. For example, both the
Card and Content Interfaces arose from working with a group of seven courses in the BCI program as the result
of two separate, but related, needs. While the issues addressed by these CASA apply to many courses, the ability
to develop and test solutions at a small scale was beneficial. Rather than a focus primarily on individual learners,
the solutions were heavily influenced by an analysis of the available tools (e.g. Blackboard Tweaks, Office365),
practices (e.g. modularisation and learning activities described in course profiles), and other components of the
activity systems.

2. CASA should be built using and result in generative technologies. To maximise and maintain contextual
appropriateness, a CASA must be able to be designed and redesigned as easily as possible. Zittrain (2008) labels
technologies as generative or sterile. Generative technologies have a “capacity to produce unanticipated change
through unfiltered contributions from broad and varied audiences” (Zittrain, 2008, p. 70). Sterile technologies
prevent this. Generative technologies enable convivial systems where people can be “actively engaged in
generating creative extensions to the artefacts given to them” (Fischer & Girgensohn, 1990, p. 183). It is the end-
user modifiability of generative technology that is crucial to knowledge-based design environments and enables
response to unanticipated, contextual requirements (Fischer & Girgensohn, 1990). Implementing CASA using
generative technologies allows easy design for specific contexts. Ensuring that CASA are implemented as
generative technologies enables easy redesign for other contexts. Generativity, like other technological
affordances, arises from the relationship between the technology and the people using the technology. Not only is
it necessary to use technology that is easier to modify, it is necessary to be able to draw upon appropriate
technological skills. This could mean having people with those technological skills available to educational design
teams. It could also mean having a network of intra- and inter-institutional CASA users and developers
collaboratively sharing CASA and the knowledge required for use and development; like that available in the H5P
community (Singh & Scholz, 2017).

For example, development of the Card and Content Interfaces was only possible due to Blackboard Learn
supporting the embedding of Javascript. The value of this generative capability is evident through the numerous
projects (Abhrahamson & Hillman, 2016; Plaisted & Tkachov, 2011) from the Blackboard community that
leverage this capability; a capability that has been removed in Blackboard’s next version LMS, Ultra. The use of
Office365 by the Content Interface illustrates the rise of digital platforms that are generative and raise questions
that challenge how innovation through digital technologies are enabled and managed (Yoo, Boland, Lyytinen, &
Majchrzak, 2012). Using the generative jQuery library to implement the Content Interface’s accordion enables
modification of the accordion look and feel through use of jQuery’s theme roller and library of existing themes.
The separation of content from presentation in the Card Interface has enabled at least six redesigns for different
purposes. This work was possible because the BCI development team had ready access to the necessary
technological skills and was able to draw upon a wide collection of open source software and online support.

3. CASA development should be strategically aligned and supported. Services to support design for learning
within Australian universities are limited and insufficient for the demand (Bennett et al., 2017). Services capable
of supporting the development of CASA are likely to be more limited. Hence appropriate decisions need to be
made about how and what CASA are designed, re-designed and supported. Resources used to develop CASA are
best allocated in line with institutional strategic projects. CASA development should proceed with consideration
to the “manageably small set of particularly valued activity systems” (Ellis & Goodyear, 2019, p. 188) within the
institution and be undertaken with institutionally approved and supported generative technologies. For example,
the Card and Content Interfaces arose from an AEL strategic project. Both interfaces were focused on providing
contextually-appropriate customization and support for the institutionally important activity system of creating
modular learning activities and resources. Where possible these example CASA have used institutionally
approved digital technologies (e.g. OneDrive and Blackboard). The sterile nature of existing institutional
infrastructure has made it necessary to use more generative technologies (e.g. Amazon Web Services) that are
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neither officially approved or supported. However, the approach used does build upon an approach from an
existing institutional approved technology — Blackboard Tweaks (Plaisted & Tkachov, 2011).

Scaffolding

4. CASA should package appropriate design knowledge to enable (re-)use by teachers and students.
Drawing on ideas from constructive templates (Nanard et al., 1998), CASA should package the diverse design
knowledge required to respond to a contextually-appropriate need in a way that this design knowledge can be
easily reused in different instances. CASA enable the sustainable reuse of contextually applied design knowledge
in learning activity systems and subsequently reduce cost and improve quality and consistency. For example, the
Card Interface combines the knowledge from web design and multimedia learning research (Leutner, 2014;
Mayer, 2017) in a way that has allowed teaching staff to generate a visual overview of the modules in numerous
course sites. The Content Interface combines existing knowledge of the Microsoft Word ecosystem with web
design knowledge to improve the design, use and revision of modular content.

5. CASA should actively support a forward-oriented approach to design for learning. To “thrive outside of
the protective niches of project-based innovation” (Dimitriadis & Goodyear, 2013, p. 1) the design of a CASA
must not focus only on initial implementation. Instead, CASA design must explicitly consider and include
functionality to support the configuration, orchestration, and reflection and re-design of the CASA. For example,
the Card Interface leverages contextual knowledge to enable dates to be specified independent of the calendar to
automate re-design for subsequent course offerings. As CASA tend to embody a learning design, it should be
possible to improve each CASA’s support for orchestration by implementing checkpoint and process analytics
(Lockyer, Heathcote, & Dawson, 2013) specific to the CASA’s embedded learning design.

Assemblages

6. CASA are conceptualised and treated as contextual assemblages. Like all technologies, CASA are
assemblies of other technologies (Arthur, 2009) where technologies are understood to include techniques such as
organisational processes and pedagogies, as well as hardware and software. But a contextual assemblage is more
than just technology. It includes consideration of and connections with the policies, practices, funding, literacies
and discourse across levels from societal and down through sector, organisational, personal, individual, formal
and informal. These are elements that make up the mess and nuance of the context, where the practice of
educational technology gets complex (Cottom, 2019). A CASA must be generative in order to be designed and
re-designed to respond to this contextual complexity. A CASA needs to be inherently heterogeneous, ephemeral,
local, and emergent. A need that is opposed and ill-suited to the dominant rational system view underpinning
common digital learning practice which sees technologies as planned, structured, consistent, deterministic, and
systematic. Instead, connecting back to design principle one, CASA should be designed in recognition of and as
the importance and complex intertwining of the human, social and organisational elements in any attempt to use
digital technologies. It should play down the usefulness of distinctions between developer and user, or pedagogy
and technology. For example, the Card Interface does not use the Lego approach to assembly that informs the
Next Generation Digital Learning Environment (NGDLE) (Brown, Dehoney, & Millichap, 2015) and underpins
technologies such as the Learning Tools Interoperability (LTI) standard. Instead of combining clearly distinct
blocks with clearly defined connectors the Card and Content Interface is intertwined with and modifies the
Blackboard user interface to connect with the specifics of context. Suggesting that the Lego approach is useful,
perhaps even necessary, but not sufficient.

Conclusions, Implications, and Further Work

Universities are faced with the strategically important question of how to sustainably and at scale leverage the
knowledge required for effective design for digital learning. The early stages of an Action Design Research (ADR)
process has been used to formulate one potential answer in the form of six design principles encapsulated in the
idea of Context-Appropriate Scaffolding Assemblages (CASA). To date, the ADR process has resulted in the
development and use of two prototype CASA within a suite of 7 courses and within 6 months their subsequent
adoption in another 24 courses. CASA draw on the idea of constructive templates to capture diverse design
knowledge in a form that enables use of that knowledge by teachers and students to effectively address
contextually specific needs. By adopting a forward-oriented view of design for learning CASA offer functionality
to support configuration, orchestration, and reflection and re-design in order to encourage on-going use beyond
the protected project niche of initial implementation. The use of generative technologies and an assemblage
perspective enables CASA development to be driven by and re-designed to fit the specific needs of different
activity systems and contexts. Such work will be most effective when it is strategically aligned and supported with
the aim of supporting and refining institutionally valued activity systems.
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Use of the Card and Content Interfaces within and beyond the original project suggest that these CASA have
successfully encapsulated the necessary design knowledge to address shortcomings with current practice and had
a positive impact on the quality of the digital learning environment. But it’s early days. These CASA can be
improved by more completely following the CASA design principles. For example, the Content Interface currently
offers only generic support for module design. Significantly greater benefits would arise from customising the
Content Interface to support specific learning designs and provide contextually appropriate forward-oriented
functionality. More experience is needed to provide insight into how this can be done effectively. Further work is
required to establish if, how and what impact the use of CASA has on the quality of the learning environment and
the experience and outcomes of both learning and teaching. Further work could also explore the questions raised
by the CASA design principles about existing digital learning practice. The generative principle raises questions
about whether moves away from leveraging the generativity of web technology — such the design of Blackboard
Ultra and the increasing focus on mobile apps — will make it more difficult to integrate contextually specific design
knowledge? Do reported difficulties accessing student engagement data with H5P activities (Singh & Scholz,
2017) suggest that the H5P community could fruitfully pay more attention to supporting a forward-oriented design
approach? Does the assemblage principal point to potential limitations with some conceptualisations and
implementation of next generation of digital learning environments?
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Barriers, enablers, and motivations for staff adoption of
learning analytics: Insights for professional learning
opportunities from an Australian university

Hazel Jones
University of Southern Queensland, Toowoomba
Queensland, Australia

Understanding the capabilities and motivations of academics towards adopting and using
Learning Analytics (LA) to support their development of technology-enhanced learning is an
important first step in designing an effective and flexible adoption plan. Situated in a regional
university, this paper reports on the initial data-gathering stage of an on-going study aimed at
designing and trialing an adoption plan to support individual staff to engage deeply with LA
to inform and enhance their teaching practice and their students’ experiences. This paper
analyses a staff survey (N=74) and transcripts from 28 semi-structured interviews conducted
over 22 months with eight academics. Survey respondents reported low levels of knowledge
about, and use of, LA, as well as a lack of confidence in accessing, interpreting, and acting on,
data. Inductive and deductive thematic analyses of interview transcripts support these findings.
Analysis further identified three main themes of indicators of successful LA adoption: effective
learning design and enhanced teaching practice; improved student experience; and academic
recognition. Based on these results, this paper proposes elements that can be included in a suite
of professional learning opportunities that will enable academic developers and institutions to
support individual staff to successfully adopt of LA.

Keywords:
Learning analytics adoption, teaching practice, professional learning, learning design.

Introduction

The field of learning analytics (LA) has grown significantly over the past decade, moving from identification of
the potential of using data to improve teaching and learning (Fritz & Whitmer, 2015; Gasevic, Dawson & Siemens,
2015; Greller & Draschler, 2012) through to studies of how to use data to improve teaching and learning (Colvin
et al. 2015; Sclater & Bailey, 2015; Siemens, 2013) and what successful use of LA looks like (Beer, Tickner &
Jones, 2014; Brooks, Greer & Gutwin, 2014). Whilst there is recognition in the literature that LA is useful, this
knowledge seems to be remaining at the theoretical level and focused at an institutional level, with practical
application of this knowledge to teaching practice and learning design by individual staff still not commonly
occurring. This makes an investigation of the barriers, enablers and motivations for individual academics to adopt
LA both timely and necessary. Much of the focus of Learning Analytics (LA) research and practice has been on
learners and their interaction with their learning environment, with less of a focus on another important stakeholder
group: the teachers responsible for designing, developing and working within the learning environment. It is in
this context that this ongoing study investigates the design and trial of an extended professional learning
opportunity, running for 20 weeks to enable individual academics to engage deeply with LA to inform and enhance
their teaching practice to have a positive impact on students’ learning. This paper describes the initial data-
gathering phase of the ongoing Design Based Research (DBR) study of academic staff conducted at a regional
Australian, as outlined in Figure 1.

Workshop with
expert consultants
followed by

Analysis of problem
through survey of
academic staff, Developmentof an
longitudinal implementation

Reflectionto
produce Design
Principlesand

2 Iterative cycles of
triallingand
refinement of the
plan

enhance solution
implementation

interviews and plan
analysisof usage
data

Figure 1: Outline of the full DBR study
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Learning Analytics has been defined as®... the measurement, collection, analysis and reporting of data about
learners and their contexts, for purposes of understanding and optimising learning and the environments in which
it occurs” (LAK11, 2011, para 5). This paper establishes a foundation for the design of professional learning for
academics about LA, by investigating the different ways in which academics perceive LA use to be “successful”.
To meet this overarching aim, this paper considers the enablers and barriers to academics adopting LA at a regional
university in Australia to inform and enhance their teaching practice. It further considers the opportunities and
supports they identify as being important in using LA to develop their teaching practice. The study is specific to
one university, but it provides an example of the type of investigation that can be followed to determine the wants
and needs of academic staff and provides insights that can inform approaches for the development of an
appropriate adoption strategy in a range of institutional contexts. It shows how gaining knowledge of the barriers,
enablers, and complex motivational issues surrounding LA adoption allows academic developers and institutions
to implement an adoption strategy that will more likely lead to wide scale adoption by individual staff.

Literature Review

Studies of implementing educational technologies in universities have repeatedly shown that the usefulness of
educational technologies does not necessarily result in their implementation. It is only through empowering and
engaging staff through inclusive and collaborative approaches; the provision of professional development and
suitable infrastructure; technology frameworks; and policy and planning strategies that these technologies come
to be successfully adopted (Campbell, DeBlois & Oblinger, 2007; Ertmer, 1999; Gosper et al., 2010; Lawson et
al., 2014; Scott, 1999). There is a need to examine barriers and enablers for adoption of LA as this can inform
design and development of relevant approaches for successful use of LA by academics.

A wide range of implementation and adoption frameworks for LA have been developed over the last eight years
that explore the different dimensions of adoption. Many of the earlier frameworks had their origins in data science
with an emphasis on how to collect and use data and to what end LA was being implemented. Many of these early
frameworks also adopted an institutional approach and considered that one model would be appropriate for a wide
range of contexts (Greller & Drachsler, 2012; Siemens, 2013, van Harmelen & Workman, 2012). There has been
a trend since 2014 for the human and socio-cultural aspects to be included in implementation and adoption
frameworks and for more research to include qualitative data (Colvin et al, 2015, Gunn et al, 2017). Many of the
elements identified as being important factors for successful LA implementation are similar to those noted for
implementation of different educational innovations. These include the involvement of all relevant stakeholders
at all stages of implementation (Beer et al., 2014; Gasevic et al., 2015), integration with educational research on
effective institutional practice (Gasevic et al., 2015), strong leadership (Hrabowski Ill, Suess & Fritz, 2011),
development of a strong learning and teaching culture through different levels of the institution that supports use
of LA, implementation of policies (Gasevic et al., 2015; Macfadyen, Dawson, Pardo & Gasevic, 2014), and
development of staff skills. Provision of appropriate infrastructure that enables staff to easily access and interpret
data is the main technological aspect considered (West et al., 2015), whilst an understanding of the pedagogical
intent of using specific tools and activities within the LMS implementation is also considered important (Gasevic
etal., 2015). Colvin et al. (2015) suggest that a key component to sustainable uptake of LA is building academic
staff capabilities to enable them to move from being interested in LA to implementing LA. Gaps in the LA research
surrounding mindful innovation, intentional implementation design, consideration of human and social elements
of implementation, and evaluation of impact have been identified by Jones, Beer and Clark (2013), Fritz and
Whitmerr, (2017) and Wise and Vytasek (2017). This study considered the socio-cultural aspects of LA adoption
through investigation of what academics consider are the capabilities they need to successfully adopt LA.

Continuing the discussion of the importance of human factors in successful LA adoption, Colvin et al. (2015) and
Howell, Roberts, Seaman & and Gibson (2018) note that academics’ perceptions of the usefulness of LA need to
be more carefully considered when designing and developing implementation strategies, with Howell et al. (2018)
noting that “it would be informative to specifically identify how academics view learning analytics so that
academic concerns can be addressed in the implementation of learning analytics systems. Such an approach may
then facilitate the adaptation of technological advancements within academic settings” (p3). Two recent studies
(Gunnetal., 2017; Rehrey, Goth, Fiorini, Hostetter & Shepherd, 2018) augment this discussion through reporting
on pragmatic approaches to adoption strategies. They provide two different approaches with the same aim of
building staff capabilities and confidence in adopting LA. Rehrey et al. (2018) describe a Student Learning
Analytics Fellows Program which has been successfully running for three years and addresses cultural barriers
and resistance to change through ongoing support and access to communities of staff with an interest in using LA
to conduct scholarly research. Gunn et al. (2017) outline the development of a framework to support academics
to choose relevant LA data to address their specific questions regarding learning and teaching. They also focus on
professional development for academics noting that this, along with incentives, is necessary to “promote both the
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benefits and the methods of data informed teaching, learning design and learning support” (p8). This study
combined elements of both these approaches and contributes to this emerging conversation through a broad and
deep investigation of academics’ beliefs about the usefulness of LA and their motivations for adopting LA at one
institution.

Methods

The present study was conducted at a regional university where approximately 75% of students enroll as online
students and their interaction with all course content, and most contact with the university, is conducted through
the Learning Management System (LMS), in this case, Moodle. On-campus students experience a blended
approach to learning, using the LMS to view online course material and resources and submit in-semester
assessment tasks. The institution currently has no overarching institutional strategy or LA policy, placing it at the
Aware stage of LA deployment maturity (Siemens, Dawson & Lynch, 2013), where basic reports and log data are
the main forms of data used and there is no cross-system data integration.

This study, which was granted ethical approval by the university’s Research Ethics Committee (HREC), adopted
a qualitative research methodology to determine the barriers and enablers that impact how individual academics
implement LA to inform and enhance their teaching practice; including the design and development of their
learning environments. The study began with a survey which was disseminated by email to all academic staff in
the institution (420 in total), and a total of 100 responses were received, with 68 complete responses. A further 6
respondents answered only the first section of the survey on knowledge and use of the LMS and LA tools, which
was sufficient to include these results in this analysis for a total of 74 responses. The instrument included one
short answer and 31 multiple-choice questions and took participants approximately 15 minutes to complete. The
survey was conducted in March — June 2016 and was administered using Qualtrics software. There were three
main sections to the survey with questions focused on knowledge and use of the LMS and LA tools; perceptions
of LA and motivations to adopt; and demographic information related to their academic level and length of service.
Deductive thematic analysis was applied to the one free response question.

The demographic distributions of respondents in terms of academic levels and length of service were similar to
the actual distribution of staff across the university, according to data provided by the Human Resources
department who reported a total population of 420 academic staff. Most staff are Level B Academics (40.5% of
respondents and 44.5% of total staff) and there was a slight under-representation of Level C staff (24.3%
respondents compared with 30.2% total staff). In terms of years of service at University of Southern Queensland
(USQ) and in higher education, the highest proportions were for >10 years’ service; 47% at USQ (compared with
37.4% of all staff) and 63.5% in higher education.

Building on responses to the survey, a series of 28 semi-structured interviews were conducted over a period of 18
months in 2016-2017 with each of four pairs of academic staff from across the university. The number of
interviews for each pair ranged from five to ten, depending on when the staff were recruited and their availability.
Using semi-structured interviews allowed for consistency of the opening questions across the four groups whilst
providing opportunities for all participants to expand on these in their own way, which also gave the participants
some ownership of the tone and direction of the conversations. The aim of the interviews was to collect in-depth
data on participants’ knowledge and use of LA and their motivators and approaches to adopt LA and to determine
if having the opportunity for such discussions over an extended period had any effect on these factors. Both
inductive and deductive thematic analysis of the transcripts was conducted with the deductive themes related to
the research questions and considerations of the barriers and enablers to adoption, along with the participants’
motivations and the supports they indicated they would need. The inductive analysis focused on emerging themes
and ideas from the interviews.

Results
Survey

Within Moodle there are a series of reports that staff are able to access to gain insights and data on how their
students are interacting with the various activities and resources included in their course sites. These range from
simple, high level reports that indicate the number of students who have accessed a particular resource or activity
to the more in-depth and detailed statistical analysis of results for quizzes. The more in-depth reports generally
require some interaction and input from staff through choice of parameters and manipulation to interpret the data.
Each of these tools or reports are standard inclusions in the Moodle LMS, except Communications, a custom-
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made report at this institution. Staff were asked about their current levels of knowledge and use of the various
reports and analytics tools that are available within the LMS and these responses are summarised in Table 1.

Table 1: Knowledge and Use of LA Tools in the LMS (n=74)

Knowledge Use

Mean SD Median | Mean SD Median
Participant List 4.45 1.04 5 3.86 1.25 4
Gradebook 443 0.86 5 3.19 1.10 3
Course Participation 3.81 1.12 4 2.54 1.40 2
Activity Report 3.73 1.17 4 2.46 1.31 2
Quiz Results 3.70 1.42 4 2.38 1.17 2
Communications 3.64 1.49 4 3.49 1.71 4
Quiz responses 3.59 1.46 4 2.27 1.20 2
Quiz statistics 3.38 1.53 4 2.12 1.18 2
Log data 3.18 1.44 3 2.00 1.16 2
Activity completion 3.09 1.46 3 1.96 1.14 2
Statistics 3.08 1.32 3 1.62 0.84 1
Progress bar 2.76 1.37 3 1.46 0.81 1
Engagement analytics 2.69 1.32 3 1.74 1.07 1

Key: Knowledge 1=I don't know anything about this, 2= | have seen this but know nothing about it, 3= I have
seen this and have a vague understanding of this, 4= | have a moderate understanding of this, 5= | have a good
understanding of this

Use 1=I have never used this, 2= 1 use this 1-5 times per semester, 3= | use this once a month, 4=I use this 2-4
times a month, 5=I use this at least once a week

These results showed that the two most well-known and used reports were the Participant List, which provides
details of all students and their last access to the course; and Gradebook, which collates students’ results and
grades for each assessment task administered through the LMS. Respondents also indicated that they generally
had good understanding of easily accessible reports, such as Course Participation and Quiz Results which are also
likely to be those that staff perceive to be most immediately relevant or important. However, staff levels of
knowledge decreased quickly as the level of detail of the reports and complexity in accessing increased. Whilst
there were some minor changes in the order of rankings for means between Knowledge and Use, there were still
indications that it was the high level, easy to access reports that were more regularly used.

When participants were asked about barriers to adopting LA (see Table 2), time constraints were reported as the
main barrier to current levels of knowledge and use of LA with lack of training also rated as an important factor,
being noted by 62% of respondents. Lack of institutional guidelines regarding use of LA was the least noted factor,
with only about 30% citing this as a factor. Seventeen respondents noted that all 4 options impacted their level of
knowledge and 14 of those also noted all 5 factors as barriers to use. Conversely, for the 16 respondents who only
noted one barrier to knowledge and use, time was the only barrier being noted by 12 of these 16 respondents.

Table 2: Barriers to adopting LA (n=74)

Impacts my level of knowledge
of LA Impacts my level of use of LA
Number % Number %

Time constraints 54 88.5 52 85.2

Lack of training 38 62.3 38 62.3

Lack of support 29 47.5 28 45.9

Lack of institutional guidelines 19 31.1 17 27.9

Lack of knowledge na na 35 57.4

Responses to questions regarding confidence levels in a range of aspects of LA use, (see Table 3) showed that
respondents generally had low levels of confidence in their abilities to access and interpret data and implement
appropriate actions based on interpretation. Whilst 51% agreed or strongly agreed that they were confident in
accessing data, only 44% had similar responses regarding ability to interpret data, and 45% to take appropriate
actions. There were also approximately 25% who indicated they neither agreed nor disagreed with each of the
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statements. Comparison across all of these questions for individual respondents showed that most respondents
had the same level of confidence for each of the statements in Table 3, with 6 respondents noting they strongly
agreed with all statements, 11 agreed across all statements, 7 were neutral across all statements, 9 disagreed with
all statements and 3 strongly disagreed with all statements.

Table 3: Confidence levels (n=74)

Strongly Neither agree | Strongly
I am confident in my ability to: g:zgg:ggl ?(;)r)dlsagree ?3: )e ef agree
(%)
access appropriate student data from the LMS 25.7 23.0 51.3
interpret student data extracted from the LMS 29.5 26.2 44.3
implement appropriate actions based on | 34.4 19.7 45.9
interpretation of student data

The importance of aspects of accessing data and support were measured on a 4 point scale where 1= not at all
important, 2= slightly important, 3= moderately important and 4= extremely important (see Tables 4 & 5). All
aspects were considered important, with mean scores of >3. The one exception was policy/guidelines on ethical
use of student data. A 4-point Likert scale was deemed appropriate for these questions as there was no clear mid-
point or neutral response (Chyung, Roberts, Swanson, & Hankinson, 2017).

Table 4: Importance of aspects of accessing student data

Mean SD Median

Being able to easily access the data in a format | can use 3.82 042 |4
Knowing what student data is available 3.54 061 |4
Having support for accessing data 3.47 0.66 |4
Having access to consolidated information from a number of sources

and systems about my students 3.46 0.76 |4
Having support for analysing and interpreting data 3.32 074 |3
Having easy access to graphical representations of data 3.19 0.76 |3
Having access to professional development regarding accessing LA | 3.16 0.8 3

Comparing Tables 4 & 5 suggests staff were more interested in having support to undertake different aspects of
LA rather than having the professional development to enable them to complete those tasks themselves.

Table 5: Importance of support

Mean | Std Dev | Median
Support for accessing data 3.43 0.7 4
Support for contacting students identified as at risk of not satisfactorily
completing course 3.29 0.81 3
Support for analysing and interpreting data 3.19 0.76 3
Professional development in regards to understanding learning analytics | 3.16 0.84 3
Policy/guidelines on ethical use of student data 2.94 0.9 3

Sixty-five responses were received to the open-ended question, “What is your opinion on learning
analytics?” Responses generally showed cautious optimism towards LA, with 25 responses commenting on the
usefulness of LA and a further 18 including qualifiers such as “good”, “important”, “valuable”,” essential”.
However, most comments included caveats or cautions. These comments were coded to expand on the barriers
and areas of support raised in the multiple-choice questions and the main themes are described in Table 6. There
were 22 comments indicating a more negative perception as indicated through use of language including “don’t

know” and “too slow”.
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Table 6: Barriers to adoption identified in free response question

Barrier Responses | Exemplar Comments

Knowledge & | 9

...using them more meaningfully and accessing them and interpreting them more

skills expediently is something | don't fully understand how to implement.
IF I knew more about it and how it could enhance learning and teaching I might
be interested in using it in my own teaching, but | sense it may be of less use to
courses where student numbers are small.

Time 7 Something that could improve my teaching if the information was timely.

Something | hardly bother with because it sounds too academic and | don't see
how I can use it is a time effective practical way. Also | am not allocated any
time to use it.

Interpretation | 7

...unless a full understanding of interpreting analyses and the implications of
those analyses is gained, learning analytics are not likely to be very useful.
A useful tool that needs careful interpretation

Accessibility | 6
of data

Can be very useful for broad data gathering but the time for downloading often
leads to system freeze
Probably useful but currently inaccessible

Training and | 2
support

Would be useful but no training has been given on how to use this information.
An important tool in improving outcomes, retention and progression, but support
is required to act on students at risk

Institutional 1

Platform is solid but use is fragmented with little to no overarching theme or

guidelines direction.

Other 4 | believe it has a lot to offer but also to be weary of it - quantitative tool.
useful  but not to overtake substance of curriculum design.
They are useful but should not be another aspect of evidence used to judge the
lecturer / student experience.
The tracking of interactions with course materials and tasks by ONL students is
improved when the tasks / assessment is expectant weekly. | have used analytics
to track interaction across course offerings for the benefit of arguing interaction
often equals better results.
Good in theory, not sure about its practical application at USQ.

Interviews

The 28 interviews conducted with eight participants were designed to build on the responses to the survey to
provide a deep knowledge of the different ways academics choose to engage with LA and any changes over a
period of time. This approach resulted in many different strands of conversations and the data presented here
represents one small portion of these. Deductive thematic analysis of the interview transcripts focussed on the
barriers and enablers to adoption and Table 7 provides some examples of comments, showing that access to data

is a major area of concern.

Table 7: Barriers identified in interviews

Barrier

Exemplar comments

Knowledge & skills

Yes so these are things I don’t know, I'm not sure about the detail of what to look at,
some things will tell you how many times it has been accessed, not who or when, is
there data that tells you, there must be data that tells you when students accessed
(Finlay)

Time

Time obviously one of the barriers (Dallas)

Interpretation

We need the help of a statistician to help interpret so we can report on this (Jamie)

Accessibility of data

Lack of easy access is an inhibitor (Blake)

I wish the analytics were much more of a push analytics and targeted at important
dates (Greer)

Limitations of using Useful links to recordings etc does not record analytics (Dallas)
There are issues with missing data (Hunter)

Training and support

I need session on how to download and collect data and store for future (Jamie)

Institutional guidelines

so much we could be doing and need time and reward/incentive (Jamie)
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Inductive thematic analysis of transcripts from the interviews revealed three main themes of main motivators for
engaging with LA. An example of comments from each of the participants are included in Table 8.

Table 8: Motivations for using Learning Analytics

Theme

Exemplar comments

Students: LA were useful in understanding
what resources students were accessing,
when and why they were accessed, and
whether particular patterns had any
correlation to grades or tendency to
engage in academic misconduct

“It might be interesting from their (student) point of view. What
do they find useful to help them, you know tracking their progress
and helping them in the course” (Dallas)
“...progression/retention, being able to provide student
husbandry- identifying students at risk and providing appropriate
support, why are students struggling with assignments” (Finlay)
“..is cohort A who have been found guilty of academic
misconduct are they behaving differently to cohort B who have
done minor misconduct or cohort C who have done nothing wrong
so that’s the kind of thing, maybe we can get something from the
logs that give some kind of measure”(Frankie)

“if I got a weekly summary of students at risk so | or the tutors
could reach out to students and ask if there is anything we can do,
is it something as simple as technology or something as
complicated as my life is falling apart and I'm sleeping in my car”
(Greer)

Teaching Practice —LA could help staff
become more effective and efficient as
well as the benefits of upskilling
themselves through professional learning
opportunities associated with building
levels of knowledge around different
aspects of adopting LA. The skills
required to access, analyse and interpret
appropriate data and then implement
interventions as a result of that analysis
and interpretation were also mentioned

“I'm writing another course. When I have the time this stuff will
influence me in how | work and how I deliver.” (Jordan)

“Do changes to course design have impact on students, - what is
my cost/benefit ratio for the amount of effort undertaken; | want
to gain an understanding of what interventions work (Blake)

Academic recognition — staff considered
factors such as they type of publications
they would be able to write from their
investigations, and how using LA would
help with recognition through Teaching

“Acknowledgement of my excellence in teaching has been
provided through the following awards...” (Hunter, in response
to how they measured success)

“I think it would be good if this could lead to a publication for the
school.” (Jamie)

Grants and Awards and how this could
help their career progression and
promotion.

Discussion and implications

Overall, the results from the two different types of evidence of this phase of the study highlighted similar patterns
showing low levels of knowledge and use of LA. However, many were keen to learn more and use LA more
regularly to inform their practice, if the barriers of lack of time and lack of support could be minimised.

Comparison of means for responses on levels of knowledge and use of LA (Table 1) show that there were higher
levels of knowledge than use for all reports and tools. This suggests that knowledge alone does not mean that staff
will adopt LA and it is thus important to also consider other factors. The responses to the question on barriers to
knowledge and use suggest that time is the most common barrier although institutional guidelines are not an
important factor (Table 2). Most respondents (54/64) noted multiple barriers, indicating that an effective
implementation plan needs to include training and support, and finding ways to embed the use of LA in normal
workload will be important to overcome the barrier of time constraints. The low levels of confidence in ability to
interpret data and implement actions (Table 3) reinforced the need for training and support to include these aspects
of adoption. A significant aspect from both the survey results and interviews was that staff attributed more
importance to support than professional development (Tables 4 & 5). This may be due to the reported lack of time
as a major barrier, and a preference for some tasks to be undertaken by support staff rather than building the
knowledge and skills to complete themselves. A deeper understanding of what staff actually mean by “support”
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is still needed as is an understanding of how this intersects with professional development, which academics may
understand as simply attending workshops.

Approximately half of survey respondents reported high levels of confidence in ability to access (53%) and
interpret data (44%) and implement changes as a result of that interpretation (46%) (Table 3). Matching this
question with the demographic data showed that staff who responded positively were spread across the two
faculties (19 from Faculty A and 13 from Faculty B). This suggests that discipline background and the concomitant
teaching needs of those backgrounds do not necessarily play a role in the confidence levels of staff in these areas.
In contrast, interview participants all noted that accessing data in a usable format was a barrier for them. Having
ready access to actionable data also ranked highly in terms of importance and support (Tables 4 & 5), suggesting
that readily accessible data is instrumental to any successful implementation plan. Just as important though is
ensuring that staff have high levels of knowledge about how each set of data or tools can be used and data
interpreted as this will improve their ability to select the most appropriate data to address their specific questions.

All interview participants discussed elements of each of the identified themes of motivations for use of LA, for
example, Jordan and Greer each discussed students and teaching practice in one of their conversations:

“...what things are students focusing on? How can | make them more fantastic (as opposed to working
on things they are not engaging with?) and “This stuff will influence me in how I work and how I
deliver.” (Jordan)

“In my StudyDesk these are the things that students focus on and so, for instance | know they will focus
on assessment and things like that so if they focus on some things in a good way | can spend more time
on making them fantastic, you know doing videos around assessment or something but if they don’t touch
on some of the other things then I'm wasting my time on those and I would reform the way I
deliver.” (Greer)

All participants did, however, have different emphases, and a diverse range of goals from use of LA: Finlay, Greer
and Dallas all focused on the student, while Jamie and Hunter both held some focus on the benefits for themselves.
Knowing these differences can help in the way staff are approached and supported, all with the aim of providing
a satisfying learning experience for students. For academics like Finlay, Greer and Dallas - academics who are
focused on pastoral care - the support and discussions would focus on how interventions will help their students
and how they can build up an evidence base that the interventions have had a positive outcome. In contrast, for
academics like Jamie, who are focused on publication, it will be important to ensure that they have a relevant and
measurable research question. They can be directed to relevant literature and previous research that has
investigated similar questions and the discussion can be centered on the understanding of how implementing these
changes will not only benefit their students but also help provide evidence for their teaching grants and awards or
promotion applications. The areas that staff do not focus on can also be used as a focus for further support and
development.

Referring back to the Research Questions, this paper has shown that:

e The main barriers for LA adoption are lack of knowledge of the tools and reports available in the LMS; in
interpreting data; implementing appropriate actions; as well as lack of time to effectively engage with LA,

e The opportunities and supports that need to be provided to academics include provision of time to engage,
and provision of support to access and interpret data and design appropriate interventions; and

e Academics perceive successful adoption of LA in a number of different ways, including a combination of
improved student experience, more effective course design and efficient teaching practice, and evidence to
enable academic recognition and career progression.

Building on these results it is proposed that the following elements need be included in a suite of professional
learning opportunities, to meet the challenge of successful adoption of LA by individual staff.

1. Understand the motivations and competencies of staff to allow some personalisation and cater for their
diverse goals;

2. Ensure relevant and accessible support from a range of specialist staff is available at all stages of adoption;

3. Ensure that academic staff are core participants and stakeholders and supported to take ownership of the ways
they use LA in their unique contexts;

4. Adopt a flexible and adaptable approach that caters to the different focus and meanings of success for
individual staff; and

5. Include a variety of professional learning and support options including 1-1, small group, peer support and
self-help resources.
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Conclusion

This paper has brought together discussions of results from a survey of academic staff and analysis of interviews
with staff, to provide an understanding about the barriers, enablers and motivations for adopting LA to enhance
technology-enabled learning in a regional university. It has shown that, in general, there is a perceived lack of
knowledge about tools and reports available within the LMS that may provide relevant data to inform and enhance
their teaching practice as well as how to interpret that data and implement appropriate actions and interventions
based on that interpretation. These findings are supported by log data from the LMS which showed low levels of
engagement with these tools across the university. Findings from the survey and interviews have also shown that
staff generally have positive perceptions of the benefits of LA, and are cautiously optimistic about the benefits of
engaging with LA. Further, they will be willing to adopt LA, provided appropriate support and professional
learning are provided, and they receive recognition in their workload models of the time that will be required to
engage deeply with LA. Three themes emerged from inductive thematic analysis of the interviews of the reasons
for engaging with LA and consequent benefits: improved student experience, more effective course design and
efficient teaching practice, and evidence to enable academic recognition/career progression. Taken together, these
findings support an understanding that, in the university studied, academics generally have a positive attitude
towards LA and are likely to engage more deeply with using LA to inform and enhance their teaching practice if
they are provided with ready access to actionable data, support from relevant professional staff, professional
learning and time. Whilst some of the results are not surprising and align with results from previous studies (eg
Colvin et al., 2015, Gunn et al., 2017, West et al., 2015), this paper adds to the literature by focusing on a single
university and gaining the opinions of teaching staff, rather than institutional leaders of LA.

This study is limited in that it focuses on a single university, and it is not possible to know if results are
generalisable to other institutions without further research. The research is concerned not just with identifying
these barriers, enablers and motivations, but with attempting to understand how institutions might be able to better
support academics in adopting LA. Future work following this research will involve implementation of an LA
adoption plan that has been designed to address the elements identified as important in this study, and analysis of
the effectiveness of using a carefully designed adoption strategy.

References

Beer, C., Tickner, R. & Jones, D. (2014). Three paths for learning analytics and beyond: Moving from rhetoric to
reality. In B. Hegarty, J. McDonald & S.-K. Loke (Eds.), Rhetoric and reality: Critical perspectives on
educational technology. Proceedings ascilite2014 (pp. 242-250). Dunedin.
http://ascilite.org/conferences/dunedin2014/files/fullpapers/185-Beer.pdf

Brooks, C., Greer, ] & Gutwin, C. (2014). The data-assisted approach to building intelligent technology enhanced
learning environments. In J. Larusson & B. White (Eds.), The handbook of learning analytics: Methods, tools
and approaches. New York: Springer.

Campbell, C., DeBlois, P. & Oblinger, D. (2007). Academic analytics: A new tool for a new era. Educause Review
42(1),. 40-57. https://er.educause.edu/articles/2007/7/academic-analytics-a-new-tool-for-a-new-era

Chyung, S.Y., Roberts, K., Swanson, 1. & Hankinson, A. (2017). Evidence-Based Survey Design: The Use of a
Midpoint on the Likert Scale. Perf.ormance Improvement., 56: 15-23. doi:10.1002/pfi.21727

Colvin, C., Rogers, T., Wade, A.,Dawson, S., Gasevic, D., Buckingham Shum,S.,... Fisher.J. (2015). Student
retention and learning analytics: A snapshot of Australian practices and a framework for advancement.
http://he-analytics.com/wp-content/uploads/SP13_3249 Dawson_Report 2016-3.pdf

Drachsler, H. & Greller, W. (2012). The pulse of learning analytics understandings and expectations from the
stakeholders. LAK '12 Proceedings of the 2nd International Conference on Learning Analytics and Knowledge
https:doi.org/10.1145/2330601.2330634

Ertmer, P. (1999). Addressing first- and second-order barriers to change: Strategies for technology integration.
Educational Technology Research and Development 47(4),47-61. https://doi.org/10.1007/BF02299597

Fritz, J. & Whitmer,J. (2017.) Moving the Heart and Head: Implications for Learning Analytics Research
Educause  Review  https://er.educause.edu/articles/2017/7/moving-the-heart-and-head-implications-for-
learning-analytics-research

Gasevic, D., Dawson,S. & Siemens, G. (2015). Let’s not forget: Learning analytics are about learning. TechTrends
59(1), 64-71. https://doi.org/10.1007/s11528-014-0822-x

Gosper, M., McNeill, M., Phillips, R., Preston, G., Woo, K. & Green, D. (2010). Web-based lecture technologies
and learning and teaching: A study of change in four Australian universities. ALT-J, Research in Learning
Technology. 18(3), 251- 263. https://doi.org/10.1080/09687769.2010.529111

Greller, W. & Draschler, H.(2012). Translating Learning into Numbers: A Generic Framework for Learning
Analytics. Educational Technology & Society, 15 (3), 42-57. https://www.learntechlib.org/p/74969/.

ASCILITE 2019 Singapore University of Social Sciences 157


http://ascilite.org/conferences/dunedin2014/files/fullpapers/185-Beer.pdf
https://er.educause.edu/articles/2007/7/academic-analytics-a-new-tool-for-a-new-era
https://doi.org/10.1002/pfi.21727
http://he-analytics.com/wp-content/uploads/SP13_3249_Dawson_Report_2016-3.pdf
https://doi.org/10.1007/BF02299597
https://er.educause.edu/articles/2017/7/moving-the-heart-and-head-implications-for-learning-analytics-research
https://er.educause.edu/articles/2017/7/moving-the-heart-and-head-implications-for-learning-analytics-research
https://doi.org/10.1007/s11528-014-0822-x
https://doi.org/10.1080/09687769.2010.529111
https://www.learntechlib.org/p/74969/

Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

Gunn, C., J., Mcdonald, Donald, C., Milne, J. & Blumenstein, M. (2017). Building an evidence base for teaching
and learning design using learning analytics. Ako Aotearoa. https://ako.ac.nz/knowledge-centre/using-
learning-analytics/research-report-building-an-evidence-base-for-teaching-and-learning-design-using-
learning-analytics/

Howell, J., Roberts, L., Seaman, K & and Gibson, D. (2018). Are We on Our Way to Becoming a “Helicopter
University”?  Academics’ Views on Learning Analytics. Tech Know Learn  23(1).
https://doi.org/10.1007/s10758017-9329-9

Hrabowski 11, F., Suess, J.& Fritz, J. (2011). Assessment and analytics in institutional transformation. Educause
Review, 46(5), 14-28. https://er.educause.edu/articles/2011/9/assessment-and-analytics-in-institutional-
transformation

Jones, D., Beer, C. & Clark, D. (2013). The IRAC framework: Locating the performance zone for learning
analytics. In H. Carter, M. Gosper and J. Hedberg (Eds.), Electric Dreams. Proceedings ascilite 2013 Sydney.
http://www.ascilite.org/conferences/sydney13/program/papers/Jones.pdf

Kennedy, G., Corrin, L., Lockyer, L. Dawson, S., Williams, D., Mulder, R.,... Copeland, S. (2014). Completing
the loop: returning learning analytics to teachers. In B. Hegarty, J. McDonald, & S.-K. Loke (Eds.), Rhetoric
and Reality: Critical perspectives on educational technology. Proceedings ascilite Dunedin 2014, 436-440.
http://www.ascilite.org/conferences/dunedin2014/files/concisepapers/76-Kennedy.pdf

Learning Analytics and Knowledge Conference (LAK), (2011). 1st International Conference on Learning
Analytics and Knowledge 2011.Retrieved from https://tekri.athabascau.ca/analytics/

Lawson, R., Taylor, T., French, E., Fallshaw, E., Hall, C., Kinash, S. & Summers, J. (2014). Hunting and
gathering: New imperatives in mapping and collecting student learning data to assure quality outcomes. Higher
Education Research and Development (34)4, 581-595. https://doi.org/10.1080/07294360.2014.911249

Long, P. & Siemens, G. (2011). Penetrating the fog:Analytics in learning and education. Educause Review. 46(5)
31-40. https://er.educause.edu/~/media/files/article-downloads/erm1151.pdf

Macfadyen, L., Dawson, S., Pardo, A. & Gasevic, D. (2014). Embracing big data in complex educational systems:
The learning analytics imperative and policy challenge. Research and Practice in Assessment, 9, Inform an
Institutional ~ Strategic ~ Plan.  Educational  Technology &  Society, 15 (3), 149-163.
https://www.jstor.org/stable/10.2307/jeductechsoci.15.3.149

Rehrey, G., Goth, D., Fiorini, S., Hostetter, C. & Shepherd, L. (2018). Implementation of a Student Learning
Analytics Fellows Program. Companion Proceedings 8th International Conference on Learning Analytics and
Knowledge (LAK18). http://solaresearch.org/uploads/LAK18 Companion_Proceedings.pdf

Sclater, N. & Bailey, P. (2015). Code of practice for learning  analytics.
http://repository.jisc.ac.uk/6985/1/Code_of Practice_for_learning_analytics.pdf

Scott, G. (1999). Change matters: Making a difference in education and training. St Leonards NSW: Allen &
Unwin.

Siemens, G. (2013). Learning Analytics: The emergence of a discipline. American Behavioral Scientist, 57(10),
1371-1379. https://doi.org/10.1177/0002764213498851

Siemens, G. Dawson, S. & Lynch, G. (2013). Improving the quality and productivity of the higher education
sector: Policy and strategy for systems level deployment of learning analytics. Society for Learning Analytics
Research. https://solaresearch.org/wp-content/uploads/2017/06/SoLAR_Report 2014.pdf

van Harmelen, N. & Workman, D. (Hedteck Ltd). (2012) CETIS Analytics Series, Vol 1, No. 3, Analytics for
Learning and Teaching. CETIS.
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.303.6882&rep=rep1&type=pdf

West, D., Huijser, H., Lizzio, A., Miles, C., Toohey, D., Heath, D. , ...Searle, B. (2015, 9 April). Let’s talk
learning analytics and student retention. Paper presented at The National Forum, Griffith University, Brisbane
https://olj.onlinelearningconsortium.org/index.php/olj/article/view/792/202

Wise, A. & Vytasek, J. (2017) Learning Analytics Implementation Design. In Lang, C., Siemens, G., Wise, A. F.,
and Gaevic, D.,( eds), The Handbook of Learning Analytics, 151-160. Society for Learning Analytics
Research (SoLAR), Alberta, Canada

Please cite as: Jones, H. (2019). Barriers, enablers, and motivations for staff adoption of learning analytics:
Insights for professional learning opportunities from an Australian university. In Y. W. Chew, K. M. Chan,
and A. Alphonso (Eds.), Personalised Learning. Diverse Goals. One Heart. ASCILITE 2019 Singapore

(pp. 149-158).

ASCILITE 2019 Singapore University of Social Sciences 158


https://ako.ac.nz/knowledge-centre/using-learning-analytics/research-report-building-an-evidence-base-for-teaching-and-learning-design-using-learning-analytics/
https://ako.ac.nz/knowledge-centre/using-learning-analytics/research-report-building-an-evidence-base-for-teaching-and-learning-design-using-learning-analytics/
https://ako.ac.nz/knowledge-centre/using-learning-analytics/research-report-building-an-evidence-base-for-teaching-and-learning-design-using-learning-analytics/
https://doi.org/10.1007/s10758017-9329-9
https://er.educause.edu/articles/2011/9/assessment-and-analytics-in-institutional-transformation
https://er.educause.edu/articles/2011/9/assessment-and-analytics-in-institutional-transformation
http://www.ascilite.org/conferences/sydney13/program/papers/Jones.pdf
http://www.ascilite.org/conferences/dunedin2014/files/concisepapers/76-Kennedy.pdf
https://tekri.athabascau.ca/analytics/
https://doi.org/10.1080/07294360.2014.911249
https://er.educause.edu/~/media/files/article-downloads/erm1151.pdf
https://www.jstor.org/stable/10.2307/jeductechsoci.15.3.149
http://solaresearch.org/uploads/LAK18_Companion_Proceedings.pdf
http://repository.jisc.ac.uk/6985/1/Code_of_Practice_for_learning_analytics.pdf
https://doi.org/10.1177/0002764213498851
https://solaresearch.org/wp-content/uploads/2017/06/SoLAR_Report_2014.pdf
http://citeseerx.ist.psu.edu/viewdoc/download?doi=10.1.1.303.6882&rep=rep1&type=pdf
https://olj.onlinelearningconsortium.org/index.php/olj/article/view/792/202

Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

Game-Based versus Gamified Learning Platform in Helping
University Students Learn Programming

Oka Kurniawan Norman Tiong Seng Lee Nachamma Sockalingam
Singapore University of Singapore University of Singapore University of
Technology and Design Technology and Design Technology and Design
Singapore Singapore Singapore

Kin Leong Pey
Singapore University of
Technology and Design
Singapore

Novice learners of programming may benefit from some prior knowledge in programming
before taking their first introductory programming course. In this study, we describe a
workshop aiming to do so, that is offered to undergraduate students before their first
programming course. Two online platforms are used in this study, a game-based platform
(CodeCombat) and a gamified online tutorial (CodeAvengers). We compare the effects on
learning of the two platforms on their academic performance, and investigate students’
preferences and subsequent usage of these platforms. Results show that the workshop
participants prefer the gamified platform over the game-based platform for learning, and use
during their programming course for revision and more practice. We found no significant
difference in learning outcomes amongst those who participated in the workshop and those
who did not. We discuss the findings and implications of this study in the paper.

Keywords: game-based learning, gamification, programming, online platform
Introduction

The ability to program is becoming more important in many engineering disciplines (E. A. Lee & Messerschmitt,
1998) and also in architecture (Leitdo, Cabecinhas, & Martins, 2010). Thus, it would be advantageous to any
undergraduate in a technological discipline to have sufficient programming skills. Hence, all four degree programs
offered by the Singapore University of Technology and Design (SUTD) have several courses that require the use
of programming skills. All students in SUTD take common courses in their first three terms, one of which is an
introductory programming course in Python programming called “The Digital World”. This course has to cater to
students with a wide variety of academic abilities, varying levels of prior programming experience and motivation.
The majority of the students have no prior experience in programming and thus are novice learners.

The difficulties that novice learners of programming face when learning programming have been well-
documented (Robins, Rountree, & Rountree, 2003). Novice learners tend to make syntax errors, possess
alternative conceptions in programming concepts and find it difficult to plan, write and debug programs (Qian &
Lehman, 2017). Other studies have reported that novice programmers lacked skills in reading and tracing code
(Lister et al., 2004) and problem-solving ability (McCartney, Boustedt, Eckerdal, Sanders, & Zander, 2013;
McCracken et al., 2001). This is due to the observation that programming tasks tend to be cognitively demanding,
with several cognitive demands on learners, starting with the learning of language features, and ending with
developing problem-solving skills (Linn & Dalbey, 1985).

Hence, it seems intuitive that students with some form of prior programming experience should perform better on
assessments programming course compared to those without. Currently, studies are mixed on whether prior
programming experience has a positive effect on their performance on their first programming course in the
university. The study by Hagan and Markham (2000) suggests that students who knew one or more programming
languages prior to attending university showed better academic performance in programming assignments.
Watson et al (2014) found a similar effect but suggested that the number of languages that a student knows has
no effect. However, Bryne and Lyons (2001), Bergin and Reily (2005) and Ayalew et al (2018) reported no
effect on students’ performance. Such different results could possibly be explained by differences in educational
context and sample size.

Among several interventions that have been shown to improve learning outcomes in CS1 courses, one intervention
is to introduce a separate introductory course (termed “CS0”) before the beginning of the formal introductory
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programming course (termed “CS1” in the literature) (Vihavainen, Airaksinen, & Watson, 2014). Some of these
courses have used media computation with Python (Sloan & Troy, 2008), Scratch (Rizvi, Humphries, Major,
Jones, & Lauzun, 2011) or focused on applications of programming to robotics, games and music (Haungs, Clark,
Clements, & Janzen, 2012).

In some educational contexts, like ours, it may not be possible to introduce a CSO course in the curriculum.
Bittencourt et. al. (2015) describes a one-week Scratch workshop that was conducted prior to the beginning of a
C programming course in a Brazillian university. Although they viewed the workshop favourably, the effect on
the participants’ motivation and performance in the subsequent C course was not reported

Apart from Scratch, online learning platforms have the potential to provide prior knowledge in programming.
Kim and Ko (2017) analysed over thirty such online platforms. Many of these platforms were assessed to have
sufficient content coverage, and able to provide immediate feedback that was shallow. Both CodeAvengers and
CodeCombat (the online platforms that are employed in this study) were assessed to have the required coverage
of introductory programming topics, possess features that showed how code is used but lacking features on why
each content taught should be used. Participants in the study by Lee and Ko (2015) comparing two online
platforms, Gidget and Codeacademy, showed learning gains when measured by a pre-test/post-test format.
However, as the participants of this study were recruited from the general public, it is unclear if the results are
applicable to the higher education context. In another study, it was found that university students preferred using
CodeCombat to the “Robot Turtles” board game in learning basic programming concepts (Kurniawan, Cheung,
& Ng, 2019).

We conducted a one-week workshop in 2017 that employed two online learning platforms, CodeCombat and
CodeAvengers. CodeCombat is a gamed-based online platform, making use of a game to teach programming,
while CodeAcademy is a traditional tutorial platform that has gamified features such as levels, badges, and
leaderboard. This workshop was conducted prior to the beginning of The Digital World course, and thus aimed
to provide novice learners with some prior knowledge in programming. These online platforms thus act as
scaffolding to help these students move through their zone of proximal development in the learning of basic
programming concepts (Anderson & Gegg-Harrison, 2013).

We are interested to find out the impact of the two online platforms, game-based and gamified learning platforms,
on students’ learning experience. We refer to learning experience as user experience, preference, interest, rationale
for using and achievements of learning outcomes. In particular, we want to (1) compare participants’ learning
preference of the two platforms, (2) investigate if students continue to use the platform after the workshop on their
own and the reasons for their use, and (3) investigate whether there is any significant difference between those
exposed to the online platforms in the preparatory workshop and those who are not with regards to the learning
outcomes in the official programming course. Our null hypothesis is that there is no significant difference between
the two platforms in terms of their learning experience.

Methodology
Education Context

This study was conducted prior to and during first-year introductory programming course “The Digital World” at
the Singapore University of Technology (SUTD) in 2017. The majority of students taking The Digital World do
not have programming experience. Most students joining SUTD have the GCE-“A”-level qualifications offered
by the Junior Colleges (JC), but only a few of such students have taken Computing as a subject. A minority of our
students join us from the polytechnics with Engineering or IT diplomas and would have varying degrees of
programming ability.

We conducted a five-day, preparatory workshop named “Introduction to Computational Thinking” which
introduces students to computational thinking concepts using the Python programming language. This workshop
was aimed at students who have little or no programming skills in order to provide them with some programming
background at the start of The Digital World. We sent an email to all first-year students inviting them to take part
in the workshop. Participation in the workshop is voluntary. The criteria for participation were (1) that students
have little or no programming background and (2) students need to attend all the sessions.

Participants
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A total of 457 first year students were enrolled in the programming course The Digital World in the third term of
the academic year 2016/2017. From these students, 81 students joined the workshop, and out of these, 48 students
gave consent to participate in this study, with 28 students completing the Reflection survey at the end of week six
(see

Table 1). Students were aged 18 to 21 years old, with 50% of them female.
Online Platforms

The screenshots of the two online platforms used in this study, CodeCombat and CodeAvengers, are shown in
Figure 1. A game-based online platform like CodeCombat makes use of a game-like environment to help users
learn programming. Users are engaged in an immersive game activity. This can also be considered as “serious
gaming”. In the process of game and play, users learn programming starting from the basic syntax and can be up
to different programming concepts such as conditionals and iteration. On the other hand, a gamified online tutorial
like CodeAvengers uses traditional structured online lessons with gamification elements such as rewards, levels,
badges, and a leader board. Thus, instead of an actual game, the platform uses game elements to engage and
motivate students. For our study, we purchased the necessary subscriptions for CodeCombat and CodeAvengers,
and verified that the content covered by the two platforms are similar and met our requirements.

(b)
Figure 1: Interface of (a) CodeCombat, and (b) CodeAvengers.
Study Protocol

We divided the participants of the workshop randomly into two classes, and both classes were taught by several
undergraduate teaching assistants (UTA). On the first day of the workshop, all participants did a background
survey to assess their programming background and were invited to take part in this study. Those who agreed to
take part in the study then did a pre-test programming quiz. Each class started with one of the two platforms,
before switching to the other in the middle of the five-day duration, as illustrated in Figure 2.

At the end of the workshop, participants completed a post-test programming quiz and a survey on the two online
platforms. The post-test programming quiz is similar in concept and difficulties as the pre-test quiz. We then
informed the participants that they will continue to have access to the two online platforms for the next few
months, and that a follow-up survey will be held in week six of The Digital World course. This process is
summarized in Table 1.

Class 1

‘ CodeCombat  CodeAvengers
15 participants

Class 2

24 participants | CodeAvengers CodeCombat

Figure 2: The sequence of how the platforms are used during the workshop
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Table 1: Measurement Instruments and Its Timing

Timing Instrument What It Measures
Start of workshop Background survey* (10 questions) Participants programming
experience and background
Pre-test programming quiz® Programming content and skills
before workshop
End of workshop End of workshop survey (10 questions) Participants’ perception on the

workshop and online platforms

Post-test programming quiz® Programming content and skills
after workshop
Start of course Background survey  of  non-workshop | Students programming experience
participants* (10 questions) and background
Week six of course | Reflection survey (8 questions) Participants’ perception on the

long-term use of online platforms
and impact of workshop

Mid-term of course | Mid-term programming assessment (5 questions) | Students learning outcomes

* same survey questions

A similar content and difficulties

Analysis
Quantitative Analysis

For the statistical analysis of quantitative data from the surveys, quizzes, and assessments, we used programs such
as Excel, Tableau, and some Python statistical libraries. We calculated the learning gain (Hake, 1998) and
conducted a paired t-test between the pre-test and the post-test scores. We then compared the mid-term
programming scores between students who attended the workshop and students identifying as novice learners
who did not attend the workshop using an independent samples t-test.

Qualitative Analysis

We asked the participants what they liked and disliked about the two online platforms in the Reflection survey
conducted at week six of the official course. A total of 28 students responded on the open-ended questions.
Students’ open-ended responses were categorized, and frequency counted to understand their sentiments.

Results

Programming Background

Table 2 shows the self-assessment of the participants' programming background. Most participants consider
themselves to have zero programming background or novice learners, with four students claiming to have written
more than 50 lines. We cross check this background with a programming test which is conducted at the beginning
of the workshop. The average for the pre-test was 0.103 out of 1.000 (normalized). There were only three
participants who have scores greater than or equal to 0.5 in the pre-test. This agrees with the self-assessment of
participants' programming background that most of the participants do not have any programming experience,
and only a few of them had some programming background. This is also similar to our other previous studies
students’ profile (Kurniawan et al., 2019).

Table 2. Participants' Self-reported Programming Background .

| Zero* | Novice
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0 lines 1to 10 lines 1 to 10 lines | 10to 50 lines | > 50 lines
24 13 2 4 4
* one participant under “Zero” category choose Others and put a comment instead. Total number is 48.

Learning Experience of Platforms and Workshop

At the End of Workshop survey, we asked participants to respond on a 5-point Likert scale regarding the ease of
use, motivation to use, and challenge in using the two platforms. The average score of this result is presented in

Table 3. In general, participants found both platforms to be easy to use and motivating. The average scores for
both platforms on all questions are above 3.0. However, the results suggest that students find CodeAvengers more
challenging compared to CodeCombat.

Table 3: Average Likert Score on Participants’ Learning Experience of The Two Platforms

CodeCombat CodeAvengers
Easy to Use 3.80 3.76 (})
Motivate to Learn 3.61 3.73 (1)
Challenging 3.32 3.76 (1)

In the Reflection survey conducted at week six of The Digital World course, we asked the participants for open-
ended responses on what they liked and disliked about the two platforms. Overall, the respondents seemed to
prefer CodeAvengers over CodeCombat. The most frequent phrases among the comments are shown in Table 4.

Table 4: Frequent Words in Open Ended Responses on The Two Online Platforms

Liked Disliked

CodeCombat fun not clear for the concept
interesting confusing
visual repetitive
graphics too simple or easy
interactive

CodeAvengers | clear instruction long lessons or too many
step by step challenging
easy instructions or easy to follow nil
materials or topics

An analysis of the responses showed that, while 66 % of the students liked the game CodeCombat citing that it
was fun, interesting and interactive and 25 % of the students noted that the game helped them to visualize, 25%
of them mentioned that they could not relate the game to the concepts learnt in class, and that the game was too
abstract and confusing to them. That is, there is a gap in relating the game to academic content and learning. About
37% of the students also found the game to be simple and repetitive.

On the other hand, 100% of the respondents indicated that the gamified tool CodeAvengers was very helpful in
teaching programming concepts and programming skills in a structured manner. One major drawback cited was
the long time taken with Code Avengers, but this need not necessarily be a disadvantage as learning does require
time and practice. Nearly 20% of respondents wanted additional challenging activities with CodeAvengers,
adding further support to the earlier inference that students were deeply engaged and wanted more of the learning
experiences with CodeAvengers.

Continued Use and Reasons

In the same Reflection survey, we asked whether the workshop has helped them in their course, The Digital World,
and increased their interest in the course. We also asked if they continued to use the online platforms after the
workshop during this course. Figure 3 shows the results. Students who attended the workshop found that the
workshop has helped them in their official programming course (Q2). Moreover, the workshop has increased their
interest in learning the programming course (Q3). However, not everyone continues to use the online platform
during the official course (Q4). We will present on students' reasons for this below.
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Answer
= strongly Difggres
9 I .
= Neutral
Agree

= Strongly Agree

Q3

[Nl

Figure 3: Students found the workshop has helped them in their course, The Digital World, (Q2) and
increases their interest in learning The Digital World course (Q3). Only some, however, continue to use
the online platform during the course (Q4).

| still use the following platform The following platform helps me
after the workshop and duringthe  learnthe course better
course
Q4: CodeAvengers I Q5 CodeAvengers INIIIEG_—
Q4: CodeCombat NI Q5: CodeCombat |l

0 5 10 15 20 04 8121620

Count Count

@) (b)

The following platform motivates me better in studying
the course.

Q6: CodeAvengers I
Q6: CodeCombat 1l

02 4 6 81012141618202224
Count

(0

Figure 4: Students still use CodeAvengers after the workshop and continue to use it during the formal
course (a). They found CodeAvengers helps them to learn better (b) and motivates them to study the
course better than CodeCombat (c).

The results also show strongly students’ preference toward CodeAvengers (

Figure 4). They still used it after the workshop and during the official course. Compared to CodeCombat, more
participants indicated that CodeAvengers helps them to learn the course better. Hence, these results seem to be
consistent with the survey done at the end of the workshop (Table 3).

From Figure 5, we found that some students continue to use the online platforms after the workshop, using it for
revision, practice and to learn new topics. This could be why students prefer CodeAvengers to CodeCombat, as
CodeAvengers’ interface makes it easy for students to do so, while CodeCombat’s game-based interface makes it
hard to revise any particular topic. The students who no longer use the online platforms mainly cite lack of time
and being able to obtain information elsewhere as the reason. These results are also reasonable as we observe that
the third term tends to have a high workload for many students.

Reasons to use the online platform during the course. Reasons NOT to use the online platform during the course.

ToBrushUp Or RQV‘SE_ I have nOUme_
To Do More Exercises | get my information
elsewhere
To Learn New Topics it’s already covered in
Digital World class

0 4 8 12 16 20 0 2 4 6 8 10 12
Count Count
(@) (b)

Figure 5: During the course, (a) some participants participants continue using the online platforms for
revision and practice, (b) some participants report not using due to the lack of time
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Learning Outcomes
Pre- versus Post-test

From the pre-test to the post-test, the mean score of the test increased from 0.103 to 0.405 (out of a normalized
value of 1.0). A paired t-test suggested that there is a significant difference between the two test results with p <
0.01. Using the formula by Hake (1998), the learning gain was calculated to be 33.1%. Lastly, the number of
students with mean scores greater than or equal to 0.5 increases from only three participants in the pre-test to
thirty-four participants in the post-test. This shows that more students were able to write Python code at the end
of the workshop. We found it is important to check on this result as students only learn Python for the first time
in a very limited time frame, i.e. they spent only three hours each day in this five-day workshop.

Workshop Participants versus Non-Participants

Table 5: Mid-Term (MT) Exam Statistics from The Official Programming Course

Attended Workshop | Did Not Attend Workshop
Mean 0.516 (1) 0.455
Minimum | 0.086 (1) 0.029
25% 0.371 (1) 0.314
50% 0.543 (1 0.486
75% 0.671 (1) 0.568
Maximum | 0.843 ({) 1.000

Table 5 shows the statistics of the students' grade in The Digital World course for the Mid-Term exam (MT), and
compares the results between those who attended the workshop and those who did not. For the students who did
not, we used grades from students who reported that they had zero or little programming background at the start
of The Digital World course. Results using independent samples t-test on the mean score of the programming
questions suggest that there is no significant difference between the two group of students. This means that the
workshop did not translate to a gain in academic performance as compared to those who did not attend the
workshop. At the same time, looking at Table 5, we can see that those attended the workshop tend to have higher
scores in the five-number summary statistics except for the maximum score.

Discussion
Learning Experience

Most students found the two online platforms, CodeAvengers and CodeCombat, easy to use. However, it seems
that students find CodeAvengers slightly more motivating, and surprisingly, more challenging compared to
CodeCombat. This challenging factor could be one of the sustained motivating factors for students as we see in
the Reflection survey at week six. CodeCombat is more fun, but those who attended this workshop have The
Digital World course in mind. Therefore, they wanted something that can help them in their official course.
CodeAvengers seems to be the better platform for this purpose. Both the quantitative data from the end of
workshop survey and qualitative data from the Reflection survey attested to this.

The qualitative data gave insights into why students preferred CodeAvengers for learning. Participants cited that
the gamified platform was structured, sequential and progressive, relevant to the academic content, and easy to
use. Although participants found CodeCombat easy to use and visually interactive, but they found it repetitive and
harder to relate the game to the academic content of The Digital World. This observation seems to indicate that
CodeAvengers was in the comfortable zone of proximal development of students (Anderson & Gegg-Harrison,
2013) whereas CodeCombat was too simple. According to the concept of zone of proximal development, students’
learning happens when they are comfortably stretched; if too easy, students get disengaged and bored, and if too
challenged, feel overwhelmed and dejected. In our case, students who preferred the gamified platform seem to be
comfortable being challenged and some students even wanted more challenging tasks, and this suggests that the
online platform needs to cater to diverse learners at both extremes as well.
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An interesting observation was that students found CodeAvengers to be relevant and useful for academic learning
while CodeCombat was difficult to relate to. This could be because our students are novice learners and novice
learners typically need more structuring and scaffolding (Awbi, Whalley, & Philpott, 2015). Also, the gamified-
learning used deductive teaching approach while game-based learning uses inductive teaching. Typically, it is
found that novice learners find deductive mode of teaching and learning easier to follow than inductive teaching
and inductive approach can be complex and abstract for them (Felder & Silverman, 1988). Transferability of
knowledge through deductive approach is higher in deductive methods than inductive methods. As the workshop
was standalone and conducted prior to the official programming course, students were left on their own to translate
the workshop content to the programming course. Hence, one implication is that if we are to use the game-based
platform in our teaching, we will need to scaffold students’ learning to help them relate to the academic content,
e.g. using reflection questions or other suitable activities.

We found that only 30% of participants continued to use the online platforms and this was the gamified platform,
CodeAvengers. The reasons suggested was that this helped them to revise, practice and prepare for academic
learning in The Digital World. This suggests two things — one is that initial perception and interest can be
temporary and therefore we must be cautious in interpreting student perception right after exposure. It is good to
also measure perceptions throughout the learning experience and at the end of the learning journey or even long
after that. This is referred to as “situational interest” (Rotgans & Schmidt, 2011).

Also, in our context, it seems that game-based learning may lead to “surface- learning” and gamified learning
leads to “deep learning” (Biggs, 1988). According to Biggs, deep learning refers to engaged, sustained and
proactive learning for the purpose of learning. Surface learning is superficial and taking part in the learning activity
for the sake of it or get through the course. The observation that students continued to use the gamified platform
rather than the game-based platform over an extended period of time and on their own, when given a free choice
indicates that the gamified platform was perceived to be more valuable and leading to sustained and self-directed
learning. Hence, this implies that we need to see what sort of tools lead to scaffolding and engages students in
deep learning.

Learning outcomes

We had found no difference in the mid-term exam scores between the workshop participants and those who did
not participate in the workshop. However, the workshop participants reported in the survey that the workshop
helped them to learn programming in the official course and increased their interest in learning the course (Figure
3). Hence, we can conclude that the workshop had a positive impact on the participants, even if it did not translate
to a significant gain in their academic performance at the mid-term exams. On top of knowledge, learning
outcomes also comprises of skills and attitudes. Given that the gamified online platform, CodeAvengers, added
to the interest to learn, we infer that it is useful to use this in our teaching of programming to our novice learners.

The reason why the workshop did not result in a difference in the mid-term exam scores deserves some
consideration. Firstly, the content examined in the mid-term exam was much larger than scope of the workshop,
hence, the instruction given during the course could have helped to bring both groups of students to a similar
academic level. The questions in the mid-term exams may have been too difficult and cognitively demanding, but
assessing the questions is beyond the scope of the current study. Lastly, the workshop was run as a standalone
event and not integrated into our course, The Digital World, which may have reduced its impact.

Lessons Learnt

The findings suggest that while games and gamification can be both engaging, they may engage students in
different ways. While games can be fun, students may not be able to relate the gaming and fun element to the
academic content. The context of game and learning may be distant that students are not able to link the two. This
concept is called situational learning that learning happens in context. An implication of this is that as teachers, if
we are to use games in teaching, we will need to build in opportunities for students to discuss and link the games
to the actual lesson. Another inference is that perhaps the game may be more useful as a tool to interest learners
in programming compared to being a teaching or scaffolding tool. Also, this game may be more useful for younger
learners. It is also possible that the context of The Digital World course creates an academic environment that
hinder people to play games. If game-based learning is to be used together with any academic course, it should be
integrated together inside the course and some of the assessments should include achievements done in the game.
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We also learnt that the perception surveys may be subject to situational interest and it is good to monitor interest
and learning over time. Also, the results from this study must be taken in relation to the context. For instance, we
cannot conclude our results to be saying that gamified learning is better than game-based learning. We need to
see the contextual factors for instance, the level and complexity of the subject matter, the extent of time we have
for learning, the mode of learning (face to face, blended), the background and prior knowledge of students,
learning outcomes and purpose of learning, to name a few factors. We encourage our readers to consider their
contexts in extrapolating our findings to suit the context and use a scholarly and evidence-based enhancement of
teaching practices.

The analysis also indicates that it is critical to structure the content and introduce the various programming skills
in a step by step manner in teaching programming skills to students who may not have sufficient programming
background. This observation aligns with Vygotsky’s concept of zone of proximal development which suggests
that students’ learning needs to be scaffolded — especially when students do not have sufficient prior knowledge,
and they have to achieve a cognitive jump (Vygotsky, 1978).

The student responses had not mentioned any aspect of the gamified learning such as collecting badges etc as
motivating factors and seemed to be drawn to the structured way of learning. This interesting observation indicates
that, with well-structured and planned teaching tools/aids such as CodeAvengers, it is possible to interest the
students in the actual learning of content by intrinsically motivating them rather than relying on extrinsic
motivating factors such as points and badges, which may be short-lived.

Overall, what we have learnt is that it is important to use the right game/gamified tool to aid teaching of
programming skills. We need to ensure that the game/gamified tools are pitched at the prior knowledge of students,
it provides ample opportunities for the diverse learners catering to both the novice and advanced learners, and that
the teacher designs and integrates the use of the tool in the actual lesson so that students are able to relate to the
academic content. Since learning through such resources will take up additional time, teachers may also want to
use flipped learning so that students could use the class time effectively.

Conclusion

In this study, we ran a one-week workshop to compare two kinds of online platforms, a game-based platform and
a gamified online tutorial platform, to help students to learn programming. This was done prior to the students’
formal programming course. We found that students need not play a game to be motivated. Participants preferred
CodeAvengers, the gamified platform, as it is challenging, provided content in a structured manner and had
exercises that help students in their revision for their programming course. Moreover, the way that these platforms
are included in the official course may affect their usage. Lastly, the interface of the platform and the nature, either
game-based or gamified platform, should be designed in such a way to fulfill the needs of how the students would
use it. Hence, in our context, the gamified online platform had features that met their needs. All these
considerations should be taken into account in the choice of online platforms by instructors.
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Do learning technologies contribute to reduce student drop-
out? - A systematic review
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As technology is increasingly being used for teaching and learning in higher education, it is
important to examine what tangible educational gains are being achieved. Reducing drop-out
rates have been proposed as one possible beneficial effect of the use of learning technologies.
It is unclear, however, whether the available evidence supports such claims. The aim of this
study was to explore whether learning technologies applied in higher education contexts can
contribute to reduce student drop-out rates, and under which circumstances do learning
technologies influence drop-out? Method: Two independent searches were conducted in
relevant databases; evaluated full-texts, quality rated the included studies, and synthesized the
findings. Results: A total of 18 peer-reviewed studies were included. Based on the quality
assessment, 10 studies were eligible to extended data synthesis. The assertion that learning
technologies in higher education contribute to reduce student drop-out is only partly supported.
Positive findings were in particular found in relation to pedagogical issues, e.g., individualized
personal support. This is in line with previous research, indicating that it is not the technology
itself, but how the technology is used pedagogically that matter to students.

Keywords: Learning technologies; Educational I1T; Drop-out, Retention; Systematic review;
Higher education

Background

Learning technologies have been introduced in university strategies and policies, and numerous initiatives have
been implemented with the aim of creating more active and varied teaching and assessment methods (Lillejord et
al. 2018) that provide students with more flexible and engaging learning environments (Kirkwood and Price,
2013). Helping students to engage in learning, the use of technology has been proposed as a means to reduce
student attrition, and many expectations regarding how learning technology may improve teaching and learning
have been articulated (Fossland 2015, p.8). It is unclear, however, to which degree the available evidence supports
such claims. Kirkwood and Price (2013) argue that many general characterizations of technology-enhancement in
education are unclear and often limited to the use of technology in itself. Claims regarding the benefits and
effectiveness of educational technologies need further exploration. The aim of the present study was to explore:

Whether — and under which circumstances - learning technologies applied in higher education contexts can
contribute to reducing student drop-out rates?

Materials and Method
Data sources and search strategy

Based on Littell, Corcoran & Pillai’s (2008) guidelines for systematic reviews and meta-analysis the initial
keyword-based search was conducted independently in October 2017 by second author and a university librarian
for relevant empirical peer-reviewed studies published between 2007 and 2017. Databases included for this review
were EBSCO HOST: ERIC (The Education Resource Information Center), CINAHL (Cumulative Index to
Nursing and Allied Health Literature), British Education Index, Education Research Complete, Communication
& Mass Media Complete, ProQuest: Australian Education Index, Education Database, Psycinfo, Web of Science:
Social Science Citation Index, Scopus. The final search string consisted of combinations of subject headings
Higher education and keywords referring to retention OR attrition OR drop-out OR turnover OR “at risk” “blended
learning” OR “computer assisted instruction” OR “computer managed instruction” OR “courseware” OR
“distance education” OR “electronic learning” OR “integrated learning systems” OR “intelligent tutoring
systems” OR “online courses” OR “mobile learning” OR “virtual classrooms” OR “web based Instruction” OR
“technology mediated” OR “online learning” OR “Educational IT” OR “technology enhanced learning” OR
“technology supported learning” OR “Hybrid learning” OR “technology”. To ensure a certain timeliness in
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relation to the technologies used in the studies, 2007 was chosen as our point of departure. All studies were
screened independently by the use of Covidence according to our inclusion and exclusion criteria.

Only studies in relation to BA or MA- degree programs and courses which included use of technology in relation
to reduce student drop-out were included. Disagreements were discussed until a negotiated conclusion was
reached. The review included studies across geographical settings published in peer-reviewed English language
journals.

Quality assessment

All studies included were subjected to a quality assessment by two independent raters based on a 20-item quality
assessment tool for quantitative research studies based on work by Mager & Nowak (2012) Savin-Baden & Major
(2010) and Tong, Sainsbury, & Craig (2007). Variations among studies, strengths and weaknesses of the research
in relation to issues of validity, reliability, clarity in research question, transparency in the research method and
the research design, and whether there is alignment between the research question and the study's findings was
identified (Cohen & Crabtree, 2008). Each quality criterion was assigned 0-2 point, yielding a total study quality
score of 040 points with higher scores indicating higher study quality. Discrepancies between the authors were
resolved during a process of consensus rating as recommended by Littell et al. (2008). Studies receiving at least
30 points, and of which at least 8 points must be obtained in “methods” were included in a subsequent data
synthesis.

Data were extracted from all of the included articles (e.g., details of the contextual background e.g. discipline,
study level, teaching format etc., definition and operationalization of retention, research design e.g. qualitative or
quantitative, and key findings).

Results

The search of the electronic databases yielded 1483 hits. 18 studies were quality assessed. Study quality ranged

from 9-40 points. Ten studies were found eligible for the final data synthesis (illustrated in Figure 1)

Figure 1. Flow diagram
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The included studies were published between 2007 and 2017, with the majority of studies from the USA (n=8)
and fewer from UK (n=1) and Australia (n=1). The definition of drop-out varied in the included studies, e.g. 1)
the proportion of students who did not complete full courses or modules in a course (e.g. Liu & Stengel, 2011),
2) the proportion of students who obtain the grades lower than "C" (Wladis et al., 2017; Xu & Jaggars, 2011) or
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3) the proportion of students who did not pass the exam criteria (e.g. Ashby et al, 2011). The majority of the
studies were related to drop-out among BA-students (illustrated in table 1).

Table 1. Overview of studies included in the data synthesis

Study Disciplin Course formats Research design Results
Year Study level Definition of
Country Participants (N) drop-out
Age (Avg.)
Gender
Ashby, Sadera & Algebra, BA 3 formats: Quantitative Passed-score:
McNary N= 167 OO0 (38%) Exam Participation | F2F: 63%
(2011) Female: 58% F2F (35 %.) Pass: > 70% BL: 69%
USA Age: 25,5 Lectures and take Ongoing testing in | O: 85%
home tests all formats recommended for
BL (28%) exam:
F2F: 93%
BL: 70%
O: 76%
Garratt-Reed, Psychology, BA Comparisons of Comparison/ Quasi | Pass / fail

counseling,
primarily online,
for drop-out
students

1st time (n = 15)
2nd time (n = 30)

Roberts & N = 866 two formats experimental F2F: passed: 96%
Heritage* Age: N/ A TECH: (n=810) Mixed method O: passed: 91%
Gender: N/A Lectures, group (administrative SCORES:
discussions, lecture | data, SET, F2F Students
recordings, written | Compulsory achieved
assignments assignments and significantly higher
0OO0: (n=56). grades exam scores
video lectures, Pass/ fail. Final compared to OO
reflection diary, grade, SET students
open and closed
discussion groups,
written
submissions
Griff & Matter Anatomy and Comparison of two | Experiment with Pre-test:
(2013) Physiology, BA TECH formats control group No significant
USA N =587 TECH Pre-test: 25 difference between.
Age: N/A (Experiment) questions for all The two groups
Gender: N/A (n=264) participants Average scores
Adaptive learning Post-test scores <50%
system Dropout rate: Post-test:
TECH number of admitted | No significant
(Control)Online students / number difference between
quiz (n=323) of students who the two groups
completed Dropout:
No significant
difference
Hughes Pedagogy, BA BL (experiment) Action research: L courses with
(2007) n =65 30% of the lectures | BL course is tested | special support for
UK n = 254 (f2f control | were replaced with | twice and students at risk had
group) online tutoring and | compared to the the lowest dropout
Age: N/A activities for the previous blended rates (6% and 17%
Gender: N/A students. Special version of the respectively)

course and similar
f2f courses

Log books.
(weekly)
Administrative data
Non-attendance
(not completed the
course /

compared to
dropouts in F2F
courses (25% -
55%) and dropouts
in BL courses
without special
support (25%).
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BL (pre-
intervention) (n =
20)

F2F (control
group) (n = 254)

assignments,
including
interventions:
online participation

Liu & Stengel*

Statistics (n = 134)

Comparison of two

Comparative

Completion in

The remaining time
(equivalent to 30%
of the original
teaching time) is
allocated to online
exercises online in
MyPsychLab and
LMS

(2011) Quantitative formats: experiment / Statistics course:
USA Analysis (n =129), | TECH .: Lectures Quantitatively TEK: 87.9% of the
BA with Course completion | initially enrolled (n
Age: N/A IClicker. Weekly Average = 58) completed
Gender: N/A online quiz (n =58 | performance during | the course
+67) tests F2F: 69.7% of the
F2F: Lectures, task initially enrolled (n
solving without = 76) completed
clickers. Weekly the course
online quiz (h =76 Completion in
+62) Quantitative
analysis Course:
TEK: 80.6% of the
initially enrolled (n
=67) completed
the course
F2F: 56.5% of the
initially enrolled (n
= 62) completed
the course
Pittenger & Farmaci Self-study (OO) Comparative / Completion for the
Doering* BA og MA with ongoing longitudinal (same | four courses:
(2010) N = 1461 assessment, 4 courses over 2 > 95%.
USA Average age: N/A instructor feedback | semesters) The primary
Gender: N/A and weekly emails | Mixed method factors that
(administrative motivate students:
data & well organized
questionnaires: course structure
IMMS and ARCS- | with weekly
based questionnaire | emails, high quality
Course completion | learning material
Grades and and relevance as
increased well as flexibility
motivation, and suggestions
Attention
Relevance, Trust,
and Satisfaction
Powers et al. Psychology, BA Comparison of two | Quasi-experimental | No significant
(2016) n=730 formats: To compare difference in
USA Age: N/A F2F: Videos and learning outcomes | dropout rate in the
Gender: N/A simulations, across BL and F2F | two course formats
lectures and formats, the Dropout rate:
discussions relationship BL: 16.8%
BL: Once a week. between online F2F: 14.8%.

homework and
exam grades in the
blended courses, as
well as examining
teacher and student
preferences for
delivery formats.
Drop-out upon
cancellation of the
course

Primary reason for
choosing the
hybrid course:
flexibility
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Robb & Sutton* Discipline = N/A, Students in the Randomized Experiment group
(2014) BA experimental group | experiment with (n=191)
USA n =388 (OO0) received five | control group (one | 58.6% of the group
Age: N/A motivational emails | semester, 12 receiving
Gender: N/A from the teacher courses) motivational emails
during the course Quantitative data. completed the
Questionnaire online course,
regarding while 47.2% in the
motivation (Course | control group (n =
Interest Survey) 197) completed
Completion of Students who
course and final received emails
grade (>C obtained
significantly higher
grades than
students in the
control group did.
Wiladis, Conway & | Business Comparison of two | Quantitative Lower level
Hachey* economics, formats: OO/BL (n | Longitudinal courses:
(2017) Nursing, =1001), F2F (n= (2004-2010) Higher course
USA Rhetoric, 1329) Completion of completion O
Language, 21 different course with grade = | (49.9%) than F2F
Social Sciences, courses (all courses | >C (42.2%)
Mathematics, offered in the same | Independent Upper level
Computer science, | semester by the variables: courses:
Sports, BA same teacher, STEM vs. not Higher course
(n=2330) respectively) STEM completion F2F
Age: N A Mandatory, (77.8%) than O
Gender: N/A optional, (73.7%)
'distributional’, Avg. completion of
severity (Lower courses:
level, Upper Level) | O =58.6%
F2F = 65.3%
Significantly
higher drop-out
rate at optional
OO-format courses
as opposed to
compulsory O-
format courses
Xu & Jaggars* English and Comparison of two | Register data,
(2011) Mathematics. formats Longitudinal (4
USA Admission process | F2F: Specifications | years)
n = 24,000, 23 not described. Pre-exam drop-out
universities 0OO: Developed (course fee paid)
Age: N/A locally. and grade at final
Gender: N/A Specifications not | exam (>C)
described
Themes

Comparisons of teaching formats

This review includes four studies that investigate whether the teaching format affects dropouts.

The teaching formats investigated were a) face to face (F2F) (no tech), b) blended teaching (BL), i.e., F2F &
online, ¢) F2F complemented by online activities in class (TECH.), and d) online only (OO). In a study of 167
Algebra students, Ashby and colleagues (2011) compared three teaching formats: F2F, BL, and OO, and found
no statistically significant differences in relation to the number of students who passed the exam. In a study of
866 Psychology students, Garratt-Reed and colleagues (2016) compared OO with a TECH format in relation to
drop-out, grades and Students evaluation of teaching (overall outcome) and found that significantly more students
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passed the TECH course (96%) than the OO course (91%). Using registry data on approximately 24.000 students,
Xu & Jaggars (2011) compared dropout rates in F2F and OO introductory courses in English and Mathematics in
23 different HE institutions and found that the dropout rates were significantly higher among students participating
in OO courses. In English and Mathematics, the dropout rates among OO-course participants were 19% and 25%
respectively, compared to 10% and 12% among F2F course participants. The authors argue that the differences
were primarily due to between-course differences in student characteristics rather than the delivery format. In a
study of 2330 students, Wiladis and colleagues (2017) explored whether particular delivery formats (F2F, BL, OO)
were more suitable for specific course types than others, e.g., depending on academic discipline (STEM vs. non-
STEM), whether they were optional or compulsory, and lower vs. upper level. Identical courses were offered in
the different formats by the same teacher in the same semester, and repeated over a number of years (2004-2010).
The results indicated that dropout were lower in the F2F format (65.3%) compared to the OO and BL formats
(58.6%), but that there were significant distinctions. In optional online courses, drop-out were significantly higher
compared to the compulsory online courses. In addition, students were more likely to complete a lower level
online course (49.9%) than F2F (42.2%), while the opposite results were seen for upper level courses. For both
F2F and BL/OO, the average course performance was generally better for upper level courses compared to lower
level courses.

Due to the variability in the four studies, and a general lack of information on contextual matters, and knowledge
about students’ perception of the various teaching formats, the available evidence does not allow for clear
conclusions regarding the association between delivery format and drop-out.

Comparison of teaching interventions

Six studies compared different teaching interventions aimed at increasing either student performance, motivation
and/or active engagement. The interplay between content, technology, and pedagogy was thoughtfully considered
in these studies, e.g. how various digital resources were used to solve specific learning tasks and/or challenges
and how this influences student’s learning. Of these six studies, four studies found a positive correlation between
lower dropout rates and using learning technology.

Liu & Stengel (2011) compared TECH vs F2F in two different course modules, a) Statistics and b) Quantitative
methods (n=263). They examined whether teaching involving use of clickers to answer multiple choice questions
followed up by discussions with the teacher lead to an increase in the students’ interest in the subject, a better
performance, and reduced drop-out rates, when compared with teaching without clickers and feedback on the
assignments during class. The results indicated that the completion rate was higher in the course modules where
clickers were used (Course A: TECH. 87.9% vs 69.7%; Course B: 80.6% vs 56.5%).

Two studies were concerned with adaptive learning utilizing technology to deliver customized resources and
learning activities to address the unique needs of each learner. The two studies revealed no associations between
the technology used and drop-out. The study by Griff and Matters (2013) compared dropout in two groups, a)
Anatomy and b) Physiology (n= 587); one in which the online assignments continuously matched the student's
individual proficiency level and progression, and a control group which received assignments from a question
bank selected by the instructor. Students in both groups increased their knowledge and no statistically significant
differences were found in performance or dropout (mean difference: 7.6%). Powers and colleagues (2016)
investigated drop-out rates among Psychology students (n=730) participating in two different teaching formats -
a F2F and a BL course which included an adaptive learning element (MyPsychLab). The two courses ran in
parallel, and the groups reviewed the same academic content. No significant differences in dropout rates between
the two groups (F2F: 14.8 % vs BL: 16.8%) were found.

Three studies focused on motivational instruction and course designs to promote students’ sense of belonging.
The results of these studies revealed that even seemingly minor activities, e.g., sending encouraging e-mails, could
contribute to reducing drop-outs. Robb & Sutton (2014) compared two groups of students (discipline not stated)
in an online course. Group A (n= 191) received five motivational, non-personalized emails covering counseling
on progression, reminders to review feedback, recognition of work performance, and encouragements to complete
the course. Group B (n=197) received no e-mails but had access to the same information on a course platform.
The drop-out rate was lower among students who received emails (41.4%) compared with those who did not
(52.8%). Pittenger & Doering (2010) examined 1462 Pharmacology students' experience of online courses, which
already were characterised by high completion rates (> 95%). A comparative analysis of four courses
(administrative data & questionnaires) suggest that dropout rates are lower in courses with the following
characteristics: well-organized course structure, weekly e-mails with suggestions for participation in the course
activities and tasks, learning activities focusing on active learning, and flexibility in relation to carrying out tasks.
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Hughes (2007) investigated a BL course program with 319 participating Early Childhood Education & Preschool
Teaching students. Thirty percent of the lectures were converted to online activities and online guidance for
students at risk for dropping out. The teacher monitored student activities via a learning management system, and
special guidance (of administrative, technical, motivational or academic nature) was offered to students who were
less active. The results indicated that the combination of proactive help and encouraging communication increased
the number of students completing the course compared with a previous version of the BL course without support.

Summary and conclusion

Students at risk of dropping out appear to need more attention and tutoring, and opportunities for feedback appear
to be essential. While teachers can provide this, it is challenging in classes with many students. To meet such
challenges, technology is increasingly used as a remedial approach to improve students’ motivation to learn and
maintain their interest on the subject and/or provide a flexibility that allows students to focus more on the content
they may have failed in and thereby reduce drop-outs. As an example, learning management systems can be used
to identify areas in need of improvement and to facilitate improved teacher-student interactions, thereby assisting
students in completing a course successfully (Lillejord, et.al. 2018). It is unclear, however, whether the available
evidence supports such claims. The goal for the present review was to contribute to closing this knowledge gap.
This was done by reviewing a segment of more recent empirical research. We asked whether — and under which
circumstances - learning technologies applied in higher education contexts could contribute to reducing student
drop-out rates.

Based on the studies synthesized, we are not able to identify an unambiguously positive correlation between the
use of technology and lower dropout rates. Simply making teaching technology facilitated does not per se reduce
dropout rates. Studies indicating a positive correlation between lower dropout rates and technology-based teaching
mainly report on initiatives, in which learning technologies support teaching interventions aiming at activating
and motivating students. We found it particularly interesting, that with even a relatively small effort, teachers
appear to be able to influence student engagement and ultimately reduce student dropout as shown in Robb &
Sutton (2014) and Pittenger & Doering (2010) studies. Here, the evidence suggested that minor initiatives, e.g.,
sending motivating emails to students to promote students’ sense of belonging or using classroom responsive
systems to posit questions and ask students to reflect on their response, and then discuss with their teacher, were
effective tools to improve academic performance and reduce dropout. However, the generalizability of the
findings may be limited due to the relatively small number of available studies.

Based on our findings, we recommend that higher education degree programmes focus on three aspects in terms
of integrating technology in order to reduce dropout rates: Firstly, students should work actively and together;
there should be interaction between teachers and students. Learning technologies can support such initiatives.
Secondly, our study shows a positive correlation between regular motivational and guidance communication
concerning the requirements of the course on the one hand, and student progression on the other. For example,
one of the studies included in our review showed that the use of automatic emails with motivational messages,
instructions and reminders from teachers to students resulted in significantly lower dropout rates compared with
the dropout rates for students who did not receive these emails. Teachers can easily access such a tool. Thirdly,
as the implementation of educational technology is often a top-down process rather than a result of teachers’
demands, technology-enhanced learning is frequently also technology-focused (Damsa et al. 2015). Programs
with the aim of promoting use of technology in teaching should therefore be aware of not only focus on technical
training but also on motivating teachers to reflect on how technologies are implemented in relation to the course
context and on the value of interaction with and between the students online. We found that scholarly approaches
were rarely used when implementing technology in teaching. Several of the reviewed studies lacked pedagogical
reflections regarding how technologies are implemented in relation to course contextual matters, and student
factors that also may influence the learning process (see for example Biggs & Tang, 2011; Ellis & Goodyear,
2010; van Dinther, Dochy & Segers, 2011). Kirkwood & Price (2013) argue that teachers must reflect upon how
technology interacts with approaches to teaching, and that pedagogy must guide the use of technology in teaching,
rather than the other way round. Lillejord and colleagues (2018) note that despite much talk about the potential of
technology to transform teaching and learning in higher education, teachers need to focus not only on the technical
functions of on-line materials and activities but also seek to understand their students' perceptions of this aspect
of the learning environment, and how successful it is in supporting student learning across a course.
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Strength and limitations

The strengths of the present systematic review include a comprehensive selection process with independent
literature searches, study selections, and quality assessments. We have synthesized the results, hoping that
researchers, educational developers, and teachers will apply the knowledge in their own work. Some limitations
should also be noted. First, the small number of available studies may limit the generalizability of the results.
Second, our search strategy for this study was relatively narrow. Although language restrictions are not ideal, we
chose to limit our search to studies published in English-language peer-reviewed journals, thereby possibly
limiting the scope of this study. On a related note, we did not include the “grey literature”, e.g., dissertations,
conference abstracts. The search for grey literature is a less systematic process and grey literature studies are often
of lower methodological quality, thereby risking compromising the validity of our findings.
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Predicting At-Risk Students for an Introductory
Programming Course: A pilot study

Norman Tiong Seng Lee Oka Kurniawan
Singapore University of Technology and Design Singapore University of Technology and Design
Singapore Singapore

Some novice learners of computer programming are at risk of doing badly in their first
programming course. In this pilot study, we develop a logistic regression model to predict at-
risk students in our introductory programming course. The model is developed using students’
high school grades on mathematics, features calculated from log data, and scores from a
programming quiz. The model suggests that students who have lower mathematics grade, who
submit their homework assignments late, and who have lower scores in the programming quiz
are more likely to be at-risk. We discuss some implications of this result on our teaching and
learning strategies in our course.

Keywords: Learning analytics, computer programming, at-risk students

Introduction

It is commonly accepted that learning programming is difficult for novice learners (Robins et al., 2003).
Programming tasks tend to place several cognitive demands on learners, starting with the learning of language
features, and ending with developing problem-solving skills (Linn and Dalbey, 1985). Thus it is not surprising
that studies have reported that novice programmers lacked skills in reading and tracing code (Lister et al., 2004)
and problem-solving ability (McCartney et. al., 2013; McCracken et. al., 2001).

In investigating the factors that determine students’ programming ability, many studies have determined that
ability in mathematics plays a role. For an introductory programming course (hereafter referred to as “CS1”)
aimed at Humanities undergraduates, Bryne and Lyons (2001) found that Irish Leaving Certificate Mathematics
and Science grades had correlations with programming examination scores, with Mathematics having a weaker
correlation compared to Science. In another Irish study, Bergin and Reilly (2005) found strong correlation between
Mathematics and programming performance. Predictive models by Quille and Bergin (2018) included a feature
on mathematics ability calculated based on high school exit examinations using data collected in Ireland and
Denmark. In Botswana, Ayalew et al. (2018) found a moderately strong correlation between high school
mathematics scores in and university programming performance.

Other studies have used in-course data such as log data from the learning management system (LMS) or other
student-generated data to see what behavioural indicators are linked to programming ability. Behavioural features
calculated from log data, such as time of submissions, number of submissions and total elapsed time were also
calculated by Edwards et al. (2009). It was shown that students who started and finished their assignments earlier
tended to get better grades in programming courses. Using statistical analysis, Willman et al. (2015) used time
stamps on programming assignment submissions to derive features on student behaviour, such as the time of day
of submission, submission counts and so on, and showed that students with the highest course grades tended to
submit their work early and did not work at night.

Studies in other contexts and fields have used similar behavioural features. One feature calculated by Cerezo et
al. (2016) from log data from an online course was the time taken by students to submit an assignment from the
time it was first released. Results from clustering algorithms then suggested that students who take a longer time
to submit their assignments did worse in the course. For an online course offered by a Korean university, a linear
regression study by You (2015) showed that late submissions of tasks had a negative effect on the final course
score.

Most educators want to identify students at-risk so that suitable interventions can be given in order to reduce the
attrition rate and improve learning outcomes. One way of doing so would be to develop predictive models.

Since it has been shown that behavioural indicators can be extracted from log data and LMS data, predictive
models have been built using such data to identify at-risk students. Ahadi et al. (2017) logged key presses in online
programming exercises, and showed that the number of attempts on an exercise could predict performance on a
final exam question. In a CS1 course, Porter et al. (2014), and a subsequent study by Liao et al. (2016) used
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answers from classroom response questions at the start of the term and showed that the predictive models built
could predict end-of-course performance, thus enabling timely intervention for at-risk students at an early stage.
Using data from a first-year engineering course, Pardo et al. (2016) suggested that decision tree models built from
log data could be used to give personalized feedback. Log data from LMS have been used to build predictive
linear regression and logistic regression in various non-computing courses within the same university, and it was
shown that the models generated were course-specific (Connijn et al, 2016).

Some studies have tried to build predictive models on introductory programming by incorporating data from more
than one source. Apart from high school mathematics scores, Bergin and Reilly (2005) included data such as class
test scores and lab test scores in their linear regression models. Bergin et al. (2015) used data from students’
background and instruments such as those measuring self-efficacy, use of learning strategies and so on to build
machine learning models. Predictive models by Quille and Bergin (2018) included various features using data
collected in Ireland and Denmark, including a feature on mathematics ability based on high school exit
examinations, students’ self-efficacy and various demographic features.

Undergraduate students in the Singapore University of Technology and Design (SUTD) take compulsory common
courses in their first three terms. “The Digital World” (DW) is an introductory Python programming course taken
in their third term. Following the third term, students declare their major and choose one out of four “pillars”,
namely Engineering Product Development, Engineering Systems and Design, Information Systems Technology
and Design and Architecture and Sustainable Design. All four pillars have courses that require a good foundation
in programming. Hence it would be advantageous to any SUTD undergraduate to acquire programming skills.

As part of the coursework for DW, students have to complete a weekly problem set. Currently, we have a few
measures to help students who need assistance in completing their problem sets. These include having an
undergraduate teaching assistant (TA) present in regular classes, and weekly consultation sessions manned by
senior students. However, the weekly consultation sessions are not well-attended, and the TAs do not get a lot of
questions. Both these measures rely on students taking the initiative to make use of them. It would be useful to
identify at-risk students so that we may consider other possible interventions for them.

We have no systematic means to identify at-risk students in our introductory programming course. However, we
do possess a lot of data on our own students, such as their scores in the assessment components and log data from
their interactions with the LMS. Hence, the research question in this study is, is it possible to build predictive
models using the data that we have to identify students at-risk?

Method
Context

The largest group of students that apply to SUTD do so with the “A-level” qualifications. In the A-levels, students
typically have to take Mathematics and three other subjects. The choice of subjects determines what university
courses they qualify for. A smaller proportion of students, not considered in this study, enroll with diplomas from
the five local polytechnics. Most female students join SUTD after completing the A-levels at age 18, while male
students will join at age 20 after completing National Service.

In DW, like many courses in the first year at SUTD, students are divided into cohorts of about fifty students in a
classroom setting and meet for five hours per week, divided over three sessions. In each session, a short lesson is
given, then students are given time to attempt a weekly problem set by themselves. Instructors and the teaching
assistant then circulate around the classrooms to observe students’ work and answer questions.

The weekly problem set contains three categories of problems. The “Cohort Problems” (CH) are questions that
instructors typically use as lesson examples and students are given time in class to complete them. The
“Homework Problems” (HW) are questions that students are typically expected to complete in their own time.
Both these problems account for a small percentage of the course overall score. The last category, “Exercises”
(EX), are optional problems that are ungraded. These questions are meant for students who want additional
practice. This study does not use data on the Exercises. In each category, there are between five to seven questions.
For each week, the problem sets are released at 0001 hrs on Sunday and are due 2359 hrs on Tuesday of the
following week.

Students submit their programming answers to our online submission platform, Vocareum (2019), which then
assigns a score to the answer based on the number of test cases passed. Vocareum is also a platform for students
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to receive automated feedback on their solution. After students submit their solution, we programmed it to display
a description of the test cases passed and failed, enabling them to revise their solution on their own and then
resubmit to obtain a better score. Students have unlimited chances to submit prior to the deadline for each question.
Late submissions are possible for one week beyond the deadline with a 50% penalty on the scores. Vocareum also
keeps a log of the usage by each student and this is what is used in this study.

Students also have individual assessments that form a larger proportion of their final score. We describe what was
used for the student data in this study. The first is programming quizzes throughout the term. For the 2018 run of
DW, they are conducted in-class and students are given one question to complete within 30 minutes. The mid-
term exam and final exam have the largest weightage and these exams have two components, a written component
(20% of the marks) and a problem-solving programming component (80% of the marks). Similarly, during these
quizzes and exams, students submit their answers to VVocareum.

Building the dataset

We gathered data from the students who matriculated in 2017, who then began DW in January 2018. We drew
our data from three sources:

1. deriving features from Vocareum log data in week 4

2. prior performance at A-levels for Mathematics and Physics

3. scores of the programming portion of the mid-term and the programming quiz at week 4

Deriving Features from Log Data

Students submit their programming assignments to the CH, HW and EX problems in the problem set to our

submission platform, Vocareum. The time at which the “Submit” button is last clicked for each question is logged

and thus we are able to calculate the following features:

e  “CH Submitted”, “HW Submitted” — the number of problems submitted in the corresponding category

e  “CH Average Days”, “HW Average Days” — the number of days between the problem set release and the
point of submission, averaged over all the questions in each category

o  “Week 4 Programming Quiz Time” — the time taken to complete the programming quiz in Week 4, in minutes

o  “Week 4 Programming Quiz Score” — the score for the programming quiz, integers from 0 to 4

We chose the features for CH and HW as they would give us an indication of how diligent students were in
completing the problem set.

The time taken for the programming quiz was chosen because we had noticed that some students were able to
complete the quiz very quickly, while some students struggled to produce a solution even when the quiz ended.
We also included the score from the programming quiz as an indication of the students’ performance on this quiz.

As this is a pilot study, we chose data from Week 4 of the course because this is when we introduce advanced
programming concepts such as nested for-loops and dictionaries, and we tend to notice more students having
difficulties.

Prior performance at A-levels

As some studies had reported that students’ prior performance in Mathematics and Science had an effect on CS1

performance, we included students’ grades in Mathematics and Physics at the A-levels in our dataset. For these

subjects, letter grades from ‘A’ to ‘E’ are awarded. Students who scored ‘A’ in Mathematics formed the largest

group, so we decided on the following categorical features:

e “IS MATHEMATICS A” — whether the student had scored grade ‘A’ in Mathematics (coded as 1) or not
(coded as 0).

e “IS PHYSICS A” — whether the students had score ‘A’ for Physics (coded as 1) or not (coded as 0, which
includes students who did not take Physics as a subject at the A-levels).

Scores at mid-term exams
As an indication of the students’ programming ability, we included their scores on the programming portion of
the mid-term exam, normalized to between 0 and 1 using min-max normalization. To enable classification

algorithms to be applied, we categorized the students as “Weak” or “Not Weak” based on their percentile rank in
their mid-term exam scores.
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e “MidTerm Part B Score (Normalized)” - their scores on the programming portion of the mid-term exam,
normalized to between 0 and 1

o  “MidTerm Weak” — coded as 1 (“Weak”) if their mid-term part B scores are in the 40 percentile and below,
and 0 (“Not Weak”) if otherwise. This 40™ percentile threshold was decided based on our analysis (described
below) and is similar to the value chosen in the study by Liao et al. (2016).

Missing data and size of dataset

As this is a pilot study, our dataset is limited to students who joined us with A-level qualifications. There were
also students who did not attempt the programming quiz. We excluded these students from the final dataset, thus
the dataset has, in its final form, n = 261 records.

Modelling

To determine the features that best explained the variation in the dependent variable, “MidTerm Part B Score
(Normalized)” , we first applied recursive feature elimination to select the best features for a linear regression
model.

Following which, we divided our data into two sets, a training set (60%) and a test set (40%). We used the features
that were determined earlier to train a logistic regression model, where the dependent variable was “MidTerm
Weak”. This model was then used to make predictions on the test set. The confusion matrix and its associated
metrics were calculated.

The feature selection, model fitting and predictions were done using the “scikit-learn” Python module (n.d.). For
each model, the p-values and the 95% confidence interval were obtained using the “statsmodels” Python module
(n.d.).

Results

Linear Regression

The resulting linear regression model with three features is shown in Table 1. These features are the top three
features ranked by the recursive feature elimination, and resulted in p-values of 0.001 or less. The 95% confidence
intervals for these features do not include zero. Adding the lower-ranked features produced p-values larger than
0.05 and hence were not included in the model.

The R? score was 0.39, thus this model explains 39% of the variation in the dependent variable. This R? score is
similar to scores reported in other studies employing linear regressions (Goold, 2000; Wilson et al., 2001; Bergin
et al., 2005).

The coefficients are reasonable. The negative coefficient for “HW Average Days” suggest that students who take
more time to submit their HW questions will do worse on the mid-term exam. The positive coefficients for the
remaining features suggest that students who do better on their programming quiz and obtained A for A-level
mathematics tended to do better at the mid-term exams. We visualized the data in Figure 1 which seems to confirm
this trend.

Contrary to the results of Bryne and Lyons (2001), the feature “IS PHYSICS A” was not selected to be in the
model. Putting this feature in the regression model resulted in a p-value exceeding 0.05. It is also not surprising
that the CH features were not included as the cohort questions are used in classroom teaching and may not be
indicative of individual student behaviour. Contrary to our expectations, the “Week 4 Programming Quiz Time”
was not included in the model. This is probably due to test-taking behaviour where the majority of the students,
regardless of ability, would want to make full use of the time that they are given in the test.
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Table 1: Coefficients of the linear regression model

Feature Coefficient | P value 95% confidence interval
Constant term 0.5331 <0.001 (0.438, 0.628)
HW Average Days -0.0368 <0.001 (-0.045, -0.028)
Week 4 Programming Quiz Score 0.0347 <0.001 (0.017, 0.052)
IS MATHEMATICS A 0.0697 0.001 (0.030, 0.109)
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Figure 1. The distribution of MidTerm Exam Part B score against the average days to submit homework
problems . This plot suggests that students who get A at A-level Mathematics tended to do better at the
mid-term exams and submit their homework problems earlier.

Predictions using Logistic Regression

Using the features selected earlier, the logistic regression model built with the training set is shown in Table 2.
The target feature is “MidTerm Weak” with the threshold of the 40" percentile of the “MidTerm Part B Score”
separating the “Weak” and “Not Weak” categories. All the coefficients have p-values of less than 0.05, and the
95% confidence intervals for these coefficients do not include 0. We also found that any other features added to
the model gave p-values of larger than 0.05, hence they were not included in the model.

We find that the coefficients are reasonable. A positive coefficient for a feature suggests that an increase in that
feature results in an increase in the probability of being in the “Weak” category. Hence, the positive coefficient
for “HW Average Days” suggests that students who submit their homework problems later have a higher
probability of being classified as “Weak”. The negative coefficients for the other two features suggests that having
a higher quiz score and an A-grade at A-level Mathematics reduces the probability of being classified as “Weak”.

Table 2: Coefficients of the logistic regression model

Feature Coefficient | P value 95% confidence interval
HW Average 0.2511 <0.001 (0.1427, 0.3594)

Week 4 Programming Quiz Score -0.2983 0.014 (-0.5357, -0.0610)

IS MATHEMATICS A -1.3276 <0.001 (-2.0183, -0.6370)

The logistic regression model was used to make predictions in the test set. The resulting confusion matrix and the
associated metrics are shown in Table 3. As we are interested in predicting at-risk students, the precision 0.70,
suggesting that the model manages to predict 70% of the at-risk students correctly.

The recall is 0.74, suggesting that, out of the students predicted as “Weak”, 74% of them have been identified
correctly. Hence, a high recall value suggests that we have few false positives.
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Table 3: Confusion Matrix by the logistic regression model

FULL PAPERS

Predicted Not Weak

Predicted Weak

Actual Not Weak 50 13
Actual Weak 11 31
Precision: 0.70 Recall: 0.74

A Naive Bayes model with the same set of three features obtained a precision of 0.65 and a recall of 0.71 on the
test set. This suggests that the logistic regression model has a small improvement over a simpler predictive model
like the Naive Bayes.

Finally, to check that the threshold of the 40" percentile for the target feature “MidTerm Weak” was the best
choice, we generated logistic regression models for thresholds of 20" percentile and 30™ percentile and summarize
the precision and recall obtained from these models in Table 4. It is clear that the 40" percentile threshold gave
the best results.

Table 4: Checking the threshold for “MidTerm Weak”

Threshold for | 20" percentile 30™ percentile 40t percentile
“MidTerm Weak” (asin Table 3)
Precision 0.56 0.57 0.70
Recall 0.22 0.64 0.74

Discussion

The set of three features that have been included in the models seem to suggest that a mixture of pre-course and
during-course factors will predict at-risk students. Our study includes the performance of A-level Mathematics as
a feature in the models. This is a similar result to other studies that have provided evidence that performance in
high-school Mathematics is a factor that influences performance in introductory programming courses (Bergin
and Reilly, 2005; Ayalew et al., 2018), and in contrast to the weak correlation reported by Watson et al. (2013).

The “HW Average Days” feature is interesting as a behavioural feature. The models in this study have suggested
that the later the student submits the homework problems, the more likely the student will do badly in the mid-
term exams. In our course, the homework problems are designed to be more challenging than the cohort problems.
Furthermore, at Week 4, we observe that students are beginning to struggle to understand the concepts taught in
DW, and have a high academic workload from other courses. Hence, it seems to us that this is an indicator of how
well a student is coping with their studies — a student who is struggling with the workload will tend to submit their
assignments later compared to one who is coping well. This is similar to other studies that found that students
who submit their assignments early tend to do better, both in the introductory computing context (Edwards et. al.,
2009; Willman et. al., 2015) and in other contexts (Cerezo et al., 2016; You, 2015). Thus, the time taken to
complete an assignment could be an important feature that can be used to predict student achievement in any
context.

The fact that the Week 4 Programming Quiz score is included as a feature suggests that simple quizzes earlier on
in the course can give an indication on which students are at-risk. However, currently, in DW, it currently takes
more than two weeks for the quizzes to be marked. Hence, students do not receive feedback in a timely manner,
and students will not be alerted on time that they are at risk. In contrast, using strategies such as Peer Instruction
allows feedback in a timely manner and have predictive value (Porter et. al., 2014).

This study has some implications for our instructional strategies. Since the weaker students tend to submit the
homework problems later, we would have to consider how we could craft some of those problems to provide
scaffolding to slower learners. Since they also tend to have lower A-level mathematics grades, we would have to
consider how we might help students develop problem-solving abilities, for example, perhaps by using a sequence
of practice tasks that scaffolds students towards a complex task (Denny et al.,2018). We would also have to
consider how we might assist students to assess their own abilities, and provide feedback in time. One option for
this is to provide questions targeting specific programming concepts (Zingaro et al.,2012) that can be marked
automatically by deploying them on learning management systems.

This study has some limitations. The models generated in this study are based on only one week of log data for a
particular batch of students. Hence, it is not known if the same conclusions can be drawn if log data is used from

ASCILITE 2019 Singapore University of Social Sciences 183



Personalised Learning. Diverse Goals. One Heart. FULL PAPERS

other points during the course. It is also not known if these models are applicable to subsequent batches of students
taking this course. Also, we only incorporate one prior feature, students’ mathematics grade at ‘A’-levels, inside
this analysis. However, we have observed that some students who join our course already have some programming
ability that they might have picked up on their own. This could have a positive effect on their mid-term exam
performance. Hence, future analysis could incorporate data from more than one batch of students, and include
information on other pre-course factors such as existing programming ability.

Conclusions

In this pilot study, from log data in one week of our course, we have extracted students’ behaviour features and
built a logistic regression model. Included in this model are also students’ A-level scores on Mathematics and
their score in a programming quiz. We found that this model can predict at-risk students, defined by their
performance in a mid-term exam, with a precision of 0.70. The analysis also suggests some improvements in our
instructional strategies. This model is done using one week of data in one term of the course, hence, more work
is needed if predictions are to be made over a longer duration.
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Despite the widespread use of flipped teaching across educational disciplines, there is limited
understanding on its use in the teaching and learning of English as a second language (ESL)
writing in intensive English (IE) programmes for pre-university students. Such programmes
face at least three constraints: the students’ low English proficiency, the shortage of time to
bridge the English gap, and the necessity for academic English. This paper aims to explore
practices and challenges of a flipped EFL writing classroom. In total, 38 students were given
flipped writing classroom training. The participants watched video lectures on academic
writing designed for the purpose of this study before the class, and then participated in
interactive in-class learning activities. The study results revealed that the students performed
the writing tasks significantly better in the post-test. The interviews with students showed that
students favoured the greater time preparation, the immediate feedback, the increased
opportunity to practise and interact, as well as the higher level of motivation and self-efficacy.

Keywords: Flipped classroom, English as a second language, writing, blending

Introduction

The global population of international students continues to rise, reaching almost 5 million in 2014 - more than
double from the 2.1 million internationally mobile students in 2000 (Benson, 2015) and expected to hit 8 million
by 2025 (Quacquarelli Symonds, 2018). With the surge in the number of students and the significant changes in
the diversity of student population as well as the modes of curriculum delivery (Coffin et al., 2005), student
academic writing continues to be at the centre of teaching and learning in higher education. Writing is one of the
most difficult skills that English as a Foreign Language (EFL) learners are expected to acquire, partly due to the
first language interference (Watcharapunyawong & Usaha, 2013). Although most EFL students studying in post-
secondary institutions have a good grasp of the writing skills, their way of expressing their thoughts in English
may not meet the expectation of western academic communities that they are entering (Myles, 2002). Moreover,
Kern (2000) suggests that the abstract mental structures representing our knowledge of things, events, and
situations can lead to difficulties when students write texts in a foreign language. Knowing how to write a
discussion essay in Mandarin does not mean that EFL students will be able to do so in English proficiently.

Most importantly, writing is a demanding task for Second Language (L2) learners as their linguistic knowledge
and lexical resources, for examples, may be limited. This limitation reduces their possibilities for expressing their
ideas. To be able to write in a foreign language effectively, students need to “learn the orthography, morphology,
lexicon, syntax, as well as the discourse and rhetorical conventions of the L2 (Barkaoui, 2007, p.35). L2 learners
not only need to have vocabulary knowledge, but also need to have the grammatical knowledge at their disposal
to be able to connect the words into proper clauses and sentences (Grabe & Kaplan, 1996). In addition to this
language-related knowledge, L2 writers also need to have metacognitive knowledge of what makes a good text
and be able to employ writing strategies suitable for each text.

According to Schoonen and Glopper (1996), high proficiency and low proficiency L2 writers could be
distinguished by their metacognitive knowledge which includes task knowledge and strategy knowledge. Low
proficiency learners spend a lot of time in accessing the low-level (linguistic) knowledge resources and
subsequently have less time participating in high level processes of writing such as text structuring. However, if
low proficiency learners have more fluent access to grammatical structures in memory, their cognitive processing
load might be lower and therefore they can spend more time in enhancing the writing process as well as the quality
of written text (Chenoweth & Hayes, 2001; Cumming, 2001; Grabe & Kaplan, 1996). In other words, when low
proficiency learners need more time to deal with ‘low order’ problems of word finding and grammatical structures,
they have little or no working memory free to attend to higher level or strategic aspects of writing, such as
organizing the text properly or trying to convince the reader of their view.
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As such, flipped classroom method may be useful for L2 learners, as class time is used to explore and apply ideas
and practise language with their peers. All the lecture videos, grammar points and writing structures or revision
can be done at home. Flipping the content allows learners to pause and rewind their lectures, and help them
understand and learn the important concepts before class. When they come to class, they can participate in higher
level aspects of writing. The flipped classroom is a teaching model where students do traditional classroom
activities, such as listening to lectures, outside of the classroom, resulting in having more time for engaging
practice activities in class. Students can study lesson materials and set whatever pace they are comfortable with.
For example, students with low level of English language proficiency can view materials multiple times, while
their peers with high level of language proficiency can breeze through everything more quickly. In a traditional
classroom, students of various English proficiency levels all have to follow the same pace set by the teacher, and
this is less than ideal for many students. In flipped classrooms, teachers are more involved in practice activities
which are done in class, rather than given for homework. This allows teachers to see exactly where students
struggle and adjust their teaching accordingly. For ESL/EFL classes, the flipped classroom approach is effective
because it maximizes the amount of time students speak English in class and minimizes the amount of teacher
talk time.

As pre-university intensive English courses tend to be short in duration; hence, teachers need to condense as much
learning time as possible and flipped teaching might create more learning time and better use of classroom time.
Research has reported that flipped classroom may enhance students’ learning performance (Davies, Dean, & Ball,
2013; Fautch, 2015; Freeman et al., 2014; Han, 2015; Jungi¢, Kaur, Mulholland, & Xin, 2015; Marrs & Novak,
2004; Smith, Brown, Purnell, & Martin, 2015) but previous studies on flipped classroom seldom focused on EFL,
especially the low proficiency learners. Therefore, the project reported in this paper aims to investigate the
influence of flipped classroom on low proficiency EFL students’ academic writing performance by identifying
the benefits and the challenges of flipped classroom. It also aims to give insights into the ways the flipped writing
approach can be utilised effectively in the ESL classroom at Higher Education (HE) level; particularly for low
proficiency second language writers.

Background
Challenges facing EFL writing students

An EFL classroom usually consists of students who share the same language and culture in the same country;
thus, this environment gives them exposure to English language only in the classroom. Outside of the classroom,
students have limited opportunities to use the language, so English has no specific practical need for them
(Souriyavongsa, Rany, Abidin, & Mei, 2013). Learners tend to acquire the language more slowly in an input-poor
environment or language learning contexts, where they have little opportunity to hear or read the language outside
or even inside the classroom (Kouraogo, 1993). This context is also found in EFL teaching environment in
Malaysia.

Besides the different learning contexts which could either hasten or hinder the learners’ acquisition of English,
there are specific challenges that are pertinent in pre-university intensive English programs. These include:

(a) A widening gap between pre-university student levels of English and the minimum level of English required
to cope with university studies. The wider the gap, the more difficult it is to bridge it.

(b) The time that pre-university students are willing to spend on Intensive English is often limited to a semester
or two. The students are often in a hurry to get into their university course of choice as quickly as possible, and
they overlook counting the cost of failing in terms of time and money when they are not sufficiently prepared to
study in English.

(c) The problem of acquiring English as used in academia in contrast to learning English for general purposes.
Most pre-university students have not been taught the former. All these impede their language learning.

First of all, many non English-speaking background (NESB) students who have gained the requisite proficiency
IELTS scores of Band 6 or Band 6.5 appear to be linguistically under-prepared for academic study (Coley, 1999;
McDowall & Merrylees, 1998). Complaints have been directed in particular at NESB students’ inadequate
academic writing skills (Kam & Meinema, 2005). Thus, if there is a gap between the first year NESB students
who scored the minimal level of English and the level of proficiency required for successful academic pursuits,
the gap between the pre-university NESB students and the minimum level of English is even greater. Another
challenge of Intensive English Program is time. Elder and O'Loughlin (2003) suggested that three months of full-
time intensive study in an English-speaking country were required for students to progress half of an IELTS
overall proficiency band. According to Cummins (2000), the time required to achieve Cognitive Academic
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Language Proficiency (CALP) for non English-speaking background (NESB) students takes at least five years’
of study and the time for NESB low-level English proficiency learning an intensive program in a non-English-
speaking country will even be longer. However, many low proficiency NESB students are not willing to spend
too much time learning English. Johns (1998) and Leki (2007) report that NESB students avoided taking
compulsory writing classes and perceived them as yet another unnecessary hurdle to jump through before they
are allowed to progress into the mainstream courses. The third challenge facing the Intensive English Program is
the disparity between the demand of ‘academic literacy’ and English for general purposes. While ‘literacy’ refers
to the basic ability to read and write for daily functional and social activities and purposes, ‘academic literacy’
refers to the ability to use written sources critically to read texts with understanding of their discursive role in
society as well as to write appropriate texts in order to learn and succeed in higher education (Weideman, 2003).

Intensive English programs for pre-university students thus face at least these three constraints: the students’ low
English proficiency, the shortage of time to bridge the English gap, and the necessity for academic English. For
ease of reference, these may be labelled the gap constraint, the time constraint and the appropriacy constraint. For
this reason, any Intensive English program should take into account these three variables - low proficiency, time
constraint and academic English - in trying to raise the level and variety of students” English which will enable
them to cope with their undergraduate studies. In order to address the problems and help the EFL low proficiency
learners to raise their level of English language proficiency, this study used the flipped approach to increase the
three dimensions of the writing process in Chenoweth and Hayes (2003) model as shown in Figure 1 below.

Process Dimension
TASK ENVIRONMENT (external component)

THE RHETORKCAL BROBLE TEXT PRODLIGED 50 FA3
Tovic§ Austincs | Exigercy

Resource Dimension

THE WRITER'S WRITING PROCESSES (Internal component)
LONG-TERM MEMORY PLANNING TRANSLATING | REVIEWING

of lopie,

Control Dimenslon
MONITOR

Figure 1: Chenoweth and Hayes Model of cognitive processes

In the Chenoweth-Hayes model, the resource level includes the long-term memory, the working memory, and
other general purpose processes (Chenoweth & Hayes, 2001). The metacognitive knowledge and linguistic
resources are also stored at the resource level. At the process level, writers translate their ideas into written
language by accessing and revising the knowledge. The control level includes “the task goals and a set of
productions that govern the interactions among the processes’ (p.87). The difference in writing proficiency,
fluency or quality between the higher and low proficiency L2 writers depends on the availability and accessibility
of their working memory at each level (Bereiter & Scardamalia, 2013; Chenoweth & Hayes, 2001; Kellogg, 1996).

Statement of the problem

In second language (L2) writing, L2 writers differ in terms of their degree of fluency, due to the three dimensions
of the writing process — the resource, the process and the control (Chenoweth & Hayes, 2001, 2003) (see Figure
1). As mentioned in the earlier discussion, pre-university intensive English courses tend to be short in duration.
The teachers need to condense as much learning time as possible, and flipped teaching might create more learning
time and better use of classroom time. In a flipped classroom, teachers give students direct and explicit instruction
or resources outside of the class time (Strayer, 2007) to allow students to spend more time on inquiry-based and
experiential learning (Berrett, 2012). After accessing the information and resources at home, students can explore
texts and interact with classmates and teachers. Instead of just spending the whole time sitting and listening to
long instructions in class, students might now learn concepts and complete homework using lecture videos and
other learning materials provided by the instructor outside of the classroom (Davies et al., 2013). Class time then
is freed up for both the student and the teacher to attend to problem-solving, high-level thinking and writing
activities. The purpose of using flipping is to give EFL low proficiency students more practice and more time to
achieve a high level of academic English. The teachers teach the academic genre using flipping instruction method
and help students build their resources such as academic terms and academic style. In class, they can guide the
students into learning to think and write clearly, as clarity is an essential feature of academic writing.
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According to Hung (2015), one of the benefits often cited for flipped teaching is that students are given ample
chances to develop higher order thinking in Bloom’s Taxonomy (Forehand, 2010) during in-class interaction with
their instructors or peers, while low order thinking skills in out-of-class lectures are replaced with instructional
videos without sacrificing learning content (Berrett, 2012). When well executed, this flipped classroom approach
frees up the classroom time to give EFL learners the opportunities to interact in discussions that encourage critical
thinking and writing. The flipped classroom gives teachers more time to teach students how to control the writing
by monitoring the standard features of academic writing; clarity of thinking and writing, grammatical correctness,
factual correctness, conciseness, and good argument. In this study, low proficiency learners can focus on the
development of their high order thinking and work on the ideas and vocabulary needed for their writing in class
instead of spending the class time on their low order thinking skills, such as learning the grammar needed for the
writing or learning how to structure a particular kind of writing.

Method

Thirty-eight EFL students participated in the flipped classroom training. All participants were undertaking
Intensive English Programme which is a post-secondary course at an offshore campus of an Australian University.
They came from non-English speaking backgrounds and included students from China, Indonesia, Korea and
Malaysia. Intensive English is a programme which aims at improving students’ academic English skills. Those
who did not meet the university language entry requirement are placed in the programme. Students whose
Entrance Placement Test (EPT) or Versant English Placement Test (Versant EPT) scores are below 50% or if their
International English Language Testing System (IELTS) scores are below Band 5.5 are required to take the
Intensive English programme. Intensive English Level 4 is for students who score between 40-50% in the EPT or
Band 4.5-5 in the IELTS. Therefore, all the students at IE Level 4 were at the same level. The Intensive English
programme runs for 4 terms covering 5 components in each one. Students learn listening, speaking, reading,
writing and grammar. Students who pass IE Level 4 are eligible to enrol in Foundation or degree courses at the
university.

The sample of 38 low proficiency students came from 3 Intensive English (IE) Program level 4 groups in 3 terms.
There were 13 in Group 1 (Term1), 15 in Group 2 (Term 2) and 10 in Group 3 (Term 3) respectively. The number
of participants in each group was beyond the control of the researcher as it was based on the enrolment each term.
However, the overall design, layout and learning materials of each group were identical. The details of participants
in each group are elaborated below (see Table 1). All 38 students participated in the post-test while 6 participants
from each group volunteered to participate in the interviews after the training. It was hypothesized that flipped
writing training would have a significant impact on the writing performance of these low proficiency EFL
students.

To maximize the opportunities for interaction and dispel passive learning, two-thirds of the course content was
converted into 115 minutes of video lectures and the writing topics were recorded using Camtasia Studio 8. The
screencasts were almost identical to how the topics would have been taught in the tradition classroom. Most videos
were kept within 8 to 16 minutes, with only one being 20 minutes and 55 seconds as it was necessary to combine
two writing lecture topics in the last video for the last training session. Videos were uploaded to Blackboard, a
Learning Management System, for students’ easy access to watch at their preferred time and place. For each video,
the instructor also prepared corresponding handouts and exercises, which they could answer if they had a good
understanding of the video lectures.

Results

There were three experimental sub-groups in total as the number of participants was in this study was beyond the
control of the researcher. Table 1 shows the samples of participants in the experimental groups. There were 13
students in Group 1 (34.2%), 15 students in Group 2 (39.5%) and 10 students in Group 3 (26.3%).

Table 1: Samples of the study based on groups

Frequency Percent Valid Percent Cumulative
Percent
Group 1 13 34.2 34.2 34.2
Group 2 15 395 395 73.7
Group 3 10 26.3 26.3 100
Total 38 100.0 100.0
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The means, standard deviations, skewness and kurtosis of the writing scores for both essays in the two
experimental groups are shown in Table 2 below.

Table 2: Descriptive Statistics of the Experimental Group

Std.
N Minimum [Maximum [Mean Deviation Skewness Kurtosis
Std. Std.

Statistic |Statistic ~ Statistic Statistic  [Statistic Statistic |[Error Statistic [Error
Discussion
Essay Pre-test 38 5.0 10.0 7.816  1.0869  -0.680 0.383 0.328  0.750
Discussion
Essay Post-test |38 10.0 17.0 12.987 2.2132 0.421 0.383 |-0.951  0.750
I'z:g_ctiﬁEssay 38 5.0 10.0 7776 11951  -0.238 0.383 0410  0.750
Erocess Essay g 11.0 19.0 15447 19686  -0.447 0.383 -0.564  0.750
ost-test
Valid N
(listwise) 38

The first two rows of Table 2 illustrate the descriptive statistics’ results of participants who completed the
discussion essay, in the pre- and post-tests. In the pre-test, the mean of discussion writing scores is 7.816,
SD=1.0869 with the lowest score being 5 and the highest score being 10. As can be seen in Table 2, 50% of
participants had 7.0 to 9.0 points in the pre-test for discussion writing. However, in the post-test, the mean of
discussion writing scores was 12.987, SD=2.2132 with the lowest score being 10 points, and the highest score
being 17 points. It can be clearly seen that participants have made remarkable improvement in their discussion
writing after the training using the flipped learning approach.

The last two rows of Table 2 show the descriptive statistics’ results of participants who completed the process
essay, in the pre- and post-tests. In the pre-test, the mean of process writing scores is 7.776, SD=1.1951 with the
lowest score being 5 and the highest score being 10. As can be seen in the table, about 19 participants had 7.0 to
9.5 points in the pre-test for process writing. However, in the post-test, the mean of process writing scores
increased to 15.447, SD=1.9686 with the lowest score being 11 points and the highest score being 19 points. In
other words, participants who have undergone the flipped writing training have improved in their process writing
greatly.

Process Essay Pre-test

20

Frequency

—

T
7.0 20

Q!U Q!G 1E=.U
Process Essay Pre-test

Figure 2: Graph of process essay pre-test results in the experimental group

There was a difference in the results of their post-test as shown in Figure 3 below. A majority of the students in
the experimental group obtained 17 marks (23.7%) in the process essay post-test. This was followed by students
obtaining 14 marks (15.8%); 15 marks (13.2%); 16 marks (10.5%); 12 marks and 18 marks (7.9%); 13 marks and
15.6 marks (5.3%); 11 marks, 14.5 marks, 17.5 marks and 19 marks (2.6%). These scores have shown that many
students have achieved significant improvement in their process writing after undergoing the flipped writing
training.
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Process Essay Post-test
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Figure 3: Graph of process essay post-test results in the experimental group

The performance of the participants in the experimental groups before and after completing the training was
measured using the paired sample t-test and the differences were analysed. The result shows that there is a
significant difference between the mean for process essay pre-test and post-test in experimental group (t(37): -
21.062, p < 0.05). The students in the process essay post-test (Mean = 15.447, SD = 1.9686) had better results
compared to the process essay pre-test (Mean = 7.779, SD = 1.1991).

To measure the discussion writing performance of a flipped writing training and structure in the experimental
groups, the paired sample t-test was also used. They analysis shows that there is a significant difference between
the mean for discussion essay pre-test and post-test in the experimental group (t(37): -14.099, p < 0.05). The
students in the discussion essay post-test (Mean = 12.987, SD = 2.2132) had better results compared to the
discussion essay pre-test (Mean = 7.816 SD = 1.0869).

In the present study, it was hypothesized that there would be a significant influence of flipped writing training on
low proficiency EFL students’ writing performance as well as the interaction between the essay types (discussion
and process) and the experimental stages (the pre-test and the post-test). It was predicted that the low proficiency
EFL students’ writing skills would improve if they were taught writing using the flipped classroom approach. In
order to test the hypothesis, a 2(stages) x 2(essays) analysis of variance (ANOVA) with an interaction plot was
carried out on data. The main effect was significant, F(1, 150) = 455.733, p< 0.000, and it indicates that the
participants’ writing performance of both the discussion essay and process essay in the post-test was significantly
different from their writing performance in the pre-test. Figure 3 shows the interaction between the stages and
the essays in the research.

Mean Score

Pre-test . Post-test
Experimental Group

Figure 3: The interaction between discussion essay and process essay in experimental groups

As can be seen in Figure 3, the lines representing the two essays in the experimental groups show an upward trend.
It indicates that the participants’ writing in both discussion essay and process essays improved significantly after
receiving the flipped writing training. As such, the relationship between the flipped writing training and writing
performance is confirmed and the hypothesis was fully supported by the results. In other words, the writing
performance of Low Proficiency (LP) EFL participants was significantly enhanced when they were provided with
the flipped writing training in both types of essays. It is also found that the LP EFL participants improved more
in the process essay (post-test) than they did in the discussion essay.
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Upon the completion of the flipped writing sessions, an anonymous questionnaire was administered to them to
gather information about the participants’ perceptions of the flipped learning (see Table 3). The focus of the
questionnaire was on the participants’ perceptions of the flipped classroom. A 4-point Likert Scale allowed the

participants to indicate if each statement was 1-False, 2-Mostly False, 3-Mostly true and 4-True.

Table 3: Students’ perceptions of the flipped classroom learning

Students’ Perceptions of the Flipped Classroom
Item No. Statements False Mostly | Mostly | True
False True
1. I have a positive attitude towards flipped | 2 0 18 18
classroom 5.26% 94.74%
2. I feel more alone when watching the video 12 | 14 6 | 6
68.42% 31.58%
3. | feel an increased workload that is stressful | 14 |11 7 | 6
65.79% 34.21%
4. | experience strong peer-collaboration 6 | 4 7 | 21
26.32% 73.68%
5. It feels like a distance course 14 | 14 3 | 7
73.68% 26.32%
6. | appreciate learning from the video 2 |1 16 | 19
7.89% 92.11%
7. I am more motivated to learn writing in 1 | 4 17 | 16
the flipped classroom 13.16% 86.84%
8. | am satisfied with flipped classroom | 1 |1 20  [16
learning 5.26% 94.74%
9. | feel that | have made good progress in | 2 | 2 22 | 12
learning writing in a flipped classroom 10.53% 89.47%
10. I do not benefit from the flipped classroom | 10 | 27 0 |1
97.37% 2.63%

In response to the general perception of flipped classroom, most participants had strong positive opinions in
relation to 6 statements which were Item 1, Item 6, Item 7, Item 8, Item 9 and Item 10 respectively. Thirty-six out
of thirty-eight participants had “a positive attitude towards flipped classroom” (Item 1), were “satisfied with
flipped classroom learning” (Item 8) and “appreciate learning from the video” (Item 6). Out of 38 participants, 34
of them felt that they “have made good progress in learning writing in a flipped classroom” (Item 9) and that 33
of them were “more motivated to learn writing in the flipped classroom” (Item 7). Thirty-seven of the students
disagreed that they “do not benefit from the flipped classroom”. While a majority of the participants also disagreed
that they were “more alone” (Item 2) or that felt “an increased workload that is stressful” (Item 3), only a minority
of them felt stressed due to the increase workload (34% in Item 3) and “more alone when watching the video
(32% in Item 2).

Discussion

Based on the feedback from lower proficiency EFL students and their writing results collected before and after
the experiment, it is evident that they responded positively to the flipped writing classroom approach. The
overwhelming positive feedback points to the advantages and success of the flipped elements in the writing
approach. Not only does the flipped writing classroom approach empower lower proficiency EFL learners, but
also does it increase their confidence, contributing to a lowered cognitive load for the learners and potentially
increasing their learning and performance. Thus, the results of this study are in line with previous findings. Farah
(2014) examined the impact of using a Flipped Classroom Instructional Method on the writing performance of
the twelfth grade Emirati female students and found that there were significant differences in the participants’
writing performance. Leis, Cooke, and Tohei (2015) studied 22 students in an EFL environment and confirmed
the results that using a flipped method in an English composition class was more effective in increasing the
students’ proficiency than in a traditional classroom. The same reasons for the successful learning of writing in
an EFL environment were shared by Bouchefra (2017) whose study involved 54 students in an experimental group
and found that the introduction of the Flipped Classroom approach helped the EFL students grasp the writing
structure and concepts better. The findings in the present study also supports the previous studies on the effect of
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flipped writing classrooms on the EFL learners’ writing proficiency (Afrilyasanti, Cahyono, & Astuti, 2016;
Ahmed, 2016; Ekmekci, 2017; Soltanpour & Valizadeh, 2018).

The flipped writing approach used in this study allowed lower proficiency EFL learners to experience greater
flexibility and greater autonomy over their own learning. Learner autonomy should be an essential goal for all
learning as it resulted in an exceptional level of motivation (Cotterall, 2000). When students, especially lower
proficiency learners, have a sense of ownership and the ability to take charge of their own learning, they will be
driven by the maotivation and power to improve their writing performance. There were increased opportunities
for the students to prepare prior to coming to the classroom. Besides, they had more processing time between
lessons to comprehend the learning materials, more interaction with the classmates and received more immediate
feedback from the instructor so that they could complete the learning tasks with greater understanding in class.
The classroom was the place where instructor could interact with students, scaffold their learning and give them
more practice, enhance their critical thinking and engage in deep discussions with them. It was no longer a place
of initial exchange of information but a place where learners, especially lower proficiency learners with limited
understanding of the language, can explore new concepts and ideas beyond the superficial introductory of learning
materials. Students can exercise more control over the depth, the direction and speed of their learning, which
subsequently boost their self-confidence that is one of the most important elements for success in learning.
Another advantage of the flipped writing classroom approach is that it is relevant to the contemporary students’
learning needs and practices. Learners today are believed to be “Digital Natives” who expect fast-paced learning
environment with shorter traditional instruction time in the classroom. Therefore, teachers or instructors ought to
re-invent their teaching strategies and use technology creatively and effectively in enhancing their learning (Huang
& Hong, 2016; Logan, 2015; Roehl, Reddy, & Shannon, 2013). Therefore, the hypothesis that flipped writing
training could positively influenced writing performance of the EFL low proficiency was fully supported.

Although the majority of the participants were positive about the flipped writing approach; nevertheless, there
were also some challenges associated with the flipped writing approach. One unexpected challenge was
technology. Not all participants had a computer at home. Not all millennium learners are tech-savvy. They did not
know how to access the videos via their mobile phones even though they all have a mobile phone. Some
participants mentioned that they had to share the computer with their family members and it made their preparation
before class difficult. To deal with this challenge, the lecturer could give the participants a briefing on how to
access the videos via their mobile phones before the training in the future and overcome this limitation. Another
challenge was the feeling of learning in isolation. One third of the participants mentioned that they felt more alone
going through the lecture videos by themselves outside of the classroom. They also voiced their concerns of
increased workload and stress as they had to deal with the materials unguided. They usually had to spend a lot of
time trying to understand the content of the videos with their limited language ability. One way to ease their
workload and stress is to spread out the training sessions from 2 sessions a week to once a week in the future.
Another way is that the instructor could perhaps discuss with the students on how to divide their tasks, study in
chunks, and improve their time management and study skills. Flipped writing approach requires both the students
and the instructor to take the pedagogical shift, which takes time, before low proficiency students can fully engage
in.

Other challenges were in-class related. More than half of the learners were shy in expressing their views and
participating in a group discussion. Apart from having the language barrier, they were culturally different.
Students from the Asian countries tended to be more passive and were afraid to make mistakes. They might also
lack the vocabulary and knowledge in a particular writing topic. In view of this, the instructor could make the
learning environment more relaxed and non-threatening and use various ways or strategies to get the students to
speak up and express their own thoughts.

Conclusion

The study has confirmed that flipped writing approach is beneficial to low proficiency learners in improving their
writing skills. Students have shown better writing performance due to the increased scaffolding, motivation and
autonomy in their learning. The flipped writing approach enhances not only their learning and performance, but
also the overall learning experience. Running a control group in the next phrase of the study will give us a deeper
insight into how much these learners have actually progressed in comparison with learners who have not been
given the flipped elements in the writing programme.
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Data analytics can be used by universities and schools to have a deeper understanding of
student and learning data. By leveraging on data analytics and dashboards, universities and
schools can become more proactive in profiling students and anticipating their needs,
personalizing approaches to supporting students in academic distress and optimizing the
allocation of university’s resources to efficiently and effectively counsel these students. In this
paper, we outline the analytics framework that can be used on student data to derive insights,
to readily observe and predict the students’ academic progression and performance, to
characterise the academic risk of the student, and to identify the at-risk students at an early
stage. With the early alert system in place, these students can then be counselled and rendered
student support to be lifted out of the at-risk zone.

Keywords: data analytics, dashboards, profiling, prediction, early alert, student support

Introduction

Data analytics is shaking up every sector in the world by harnessing and extracting meaningful insights from data
(Henebery, 2019). Every time students interact with the university, they leave a digital footprint. This footprint,
together with the student’s background supplied during admission, is valuable data that can be effectively used
for modelling/predicting student behaviour performance (Lester et al., 2017). Learning has become challenging
in this current day environment filled with distractions (Garrison, 2010). It becomes even more challenging in the
case where the students are working adults pursuing their learning and juggling their work and family
commitments (Smith, 2017). Some of these students could potentially be at risk of discontinuing their learning or
under-performing academically, thereby leading to increased attrition rates. Timely intervention and counselling
provide an effective learning system, which could possibly help in reducing the attrition rate (Payne, 1973). An
effective dashboard with data visualisation and analytics is helpful in quickly identifying the at-risk students and
the reasons for their risk levels (Klerkx et al., 2017). Furthermore, these dashboards would pr