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Pref ace

The 15th World Conference on Mobile and Contextual LeariiingLearn 2016 was hosted by the Wn
versity of Technology, Sydney, from October 24th &th2 2016 on the traditional lands of the Gadigabpe
ple of the Eora Natiant represented a collaboration between the School of Education and the Faculty of
Engineering and Information TechnologyLearnis the largest international conference on mobileand
blended learning and thiswas the second occasion titdtad been held in Australia.

The theme chosen for the conference Wabile Learning Future§ Sustaining Quality Research and
Practice in Mobile LearningSustainability and quality are tkeys to mobile learning. Future mobile lear
ing research needs to look beyond technological intervepéose. Instead, it musbnsider a more ecao
ical approachin which the conditions under which mobile technology contributes to leaarmglosely
examined Thepreconditions for sustainabilitin mobile learningnaybe broadly categized as

1 Economic (fnancial considerations)

9 Political (leadership, equity and policy)

T Social (community engageent)

1 Technical (infrastructure, securityevices, applications) and
1 Pedagogical (teaching and learning).

|l ssues to consider include teachersodo technologic
mobile technology on learningnd theachievement of thgoals of instructionThe subject matteiis an im-
portant factoras are alses t u d e nt s daclground andagd, &nd theiobile digital literay. Authen-
tic assessments that provide evidence of learaiegneeded. Other factors includstitutional and expert
leadership, thehysical environment, resources, professional development, collegalitg commitment to
mobile learning implementaticemdpolicy. This confeenceprovided an international forum for researchers,
mobile developers and educators from higher educasicimpol education, vocational education, industry and
international aganizations to shareriowledge, research and practiaad debate critical issues pertaining to
sustainable futures for mobile learnirithe keynote speakerdMark Pesce, Susi Steigi®eters and Proge
sor John Traxler all contributed their vision to this theme.

In addition to thekeynotespeakers, the-8ay conference programcluded the presentation of 39 full and
short papersll abstracs, a Doctoral Consortium, Jj@ostes, 4 panks, 1 workshop and several exhibitofs.
key feature of the confence wa the focus on pedagogwith a special category for practitionefEhese
came from schools, higher educatimd industry. This provided a meaningful way of engaging with those
who ae responsible for mobile learning anddeiag in the classroom. Their 2Bten interactive, hanesn
presentations were a new featurenifearn which we hope will be continued in future years.

mLearn 2016wvas truly an international conference, with authors and delegates coming from a total of 17
countries: Australia, Canada, Costa Rica, Finland, Hong Kong, Ireland, Japan, Macau, Malaysia, the Nethe
lands, New Zealand, Qatar, Singapore, Spain, South Afitiea,United Kingdom and the USA. Major
themes of their papers and presentations included pedagogies which emphasized collaborative learning, st
dent engagement, student interaction, situated and contextualized learning, experiential learning, blended
learring, gamesbased learning and gamification, and leawwesitred and personalized approaches. Tdehno
ogies which featured included wearables, augmented reality, social media, tablets (iPads)pwietknt
devices (BYOD), studergenerated multimedia, clowdchnologies, mobile games and apps, enterpide
mobile platforms, the Internet of Things and sensors. Distance learning and responsive design, the digital
divide and digital citizenship, workplace learning and academic professional developmeatuaédeA
notable feature of the program was the inclusion of several presentations on the topic of Indigenous people
and mobile learning. Many disciplines were represented but particularly strong were language learning and
the STEM disciplines, includingcience, the health sciences, IT and mathematics.

The diversity of authors was reflected in the International Review Panel represented by a tota-of 91 r
viewers from Australia, Austria, Brazil, Canada, China, Fiji, Germany, Hong Kong, Indonesia, Idaland,
pan, Malaysia, the Netherlands, Palestine, Qatar, New Zealand, Singapore, South Africa, Sweden, Trinidad
and Tobago, the United Kingdom and the USA. The Program Chair, on behalf of the Program Committee,
would like to thank all the reviewers for donatiingir time and expertise to the reviewing process. This was



considerable, given that all submissions were dehlel refereed. All full and short papers were reviewed

by a minimum of two, usually three or sometimes four reviewers. Other submissionseviereed by a
minimum of one, and often two reviewers. Several submissions were subject to a second round of reviewing,
following required revisions.

In addition to the reviewers, we thank the authors and presenters for their interest in and dealication t
bile learning and for the excellence of their contributions, as evidenced in these Proceedings and during the
presentations at the conference in Sydney. We would like to thank the sponsors from industry and the spo
soring institutions for their suppornd all those who contributed to the success of the conference.

October 2016 Dr Laurel Evelyn Dyson, Program Chair
Associate Professor Wan Ng, Conference Chair
Dr Jennifer Fergusson, Organizing Committee
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Teachiinnga Saudi Arabian St

Radhi AlshammariVicente Chua Reyes and Mitchell Parkes

School of Education, University of Netangland, Armidale, Australia

Abstract. Faculty members at an English Language Centre in the Cbiardd of Saudi Aa-

bia were surveyed on their skills and attitudes using mobile technologies in teaching English as

a Foreign Language. Results indicated teculty members had a good level of skill and{pos

tive attitudes towards the use of mobile devices in EFL teaching. A number of statistgally si

nificant effects were identified for the independent variables age and teaching experiestce. Mo

erate positiveorrelations were found betweBna c ul ty member sd | eerel of sl
vicesandboth Faculty attitudes towards using mobile technology in English language teaching

and intention to adopt mobile technology in English language teadhimgre useof ICT was

predicted by attitudes tawds the use of ICT.his relationshipvasmoderated by a covariate:

sef-reported skills in ICT usage.

Keywords teaching using mobile technologies, teaching English as a Foreign Langudge, att
tudes towards mobile texnblogies

1 Introduction

Learning and teaching in the English language has become necessary Beggisbés the global la-
guage for researckhe Internef trade and business around the world (Almarwani, 2011). Learning English
as a Foreign Language (EFk)compulsory in many foundation or Preparatory Years at universitisudi
Arabia (Ministry of Higher Education, 2013With the growing numbers of students needing to study En
lish at Saudi universities there is a lack of opportunities for stutepictise thie English languagskills
both inside and outsidbe classroom (Bnarwani, 2011; AlShehri, 2012 Information and Communication
Technology (ICT) initiative are being implemented tupportthe learning and teachingf English in Saudi
universities.Mobile technologies have the capacitybiettersupport EFL mstruction. However, the success
of such initiatives can depend upon the attitudes of Faculty members towards mobile devices. Accordingly, it
is important toexplore Faculty perspecties of the use of mobile devices in language lear(egShehri,
2012;Yang, 2013)This paper reportthe partial results afesearch inté-acultyattitudestowards the use of
mobile devices in EFL teachirag a university in the centralbrth of Saudi Aabia.

2 Background

With the increase in use of mobile devices, students have come to use these devices for informal learning;
especially for language learning (Ad-Aish, 2014; Chen, 2013; Clough, Jones, McAndrew & Scanlon,
2008; Comaguinn, Mardomingo &Valentine, 2009; Gikas & Grant, 2013; Jantjies & Joy, 2013; K
kulskaHulme, 2009). Among Saudi EFL students, the use of mobile devices is the most widespread means
of communication outside of the classroom-8ehri, 2012). Students sometimes use mateMces in
informal ways to support their learning of English, since mobile devices have diverse features that can be
used for language learning. Studies have indicated that within the field of language education, mabile devi
es provide authentic opportties to gain more language practice outside the classroom (SQunas,
Mardomingo & Valentine, 2009; Fayed, Yacoub & Hussein, 2013; Godwias, 2011; Jantjies & Joy,

2013 Mahmoud, 2013). Despite the proliferation of mobile devices in the country, enigbitning p-
proaches have not been formally adopted in Saudi universities.

The attitudes of educators towards technology can influence how technology will be used insthe clas
room. Educators who have positive attitudes towards technology are more dikedg technology in their
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teaching. Negative attitudes constrain technology use (Gilakjani & Leong, 2012). In an English language
learning context, Bordbgd2010) found that lecturer attitudes towards technology were influenced by€omp
tence in using theethnology. Consequently, higher competence and positive attitudes would eveetually r
sult in higher use in the classroom.

Mueller, Wood, Willoughby, Rose and Specht (2008) identified two factors that predicted greater integr
tion of computersintoteaclgn: O experi ence with comput e Pevouslnd 6 a
Al bion (2001), h ad -efficagyfer deaching avith cadmipleess avitl depend) at east irf
part,ontheirsele f f i cacy f or per 4po3i4 For this papem We intendnpvalitaterthés 0
hypothesised relationship: Future use of computers as influenced by different predictors among which would
be perceived skills in computer usage as well as attitudes towards the use of computers in teaching.

3 Study Context

The university study sitis located in the centralorth of Saudi Arabial he universityhas a student pop
lation of 28,984 students and 1632 faculbemberdistributed across 15 collegdhe university offers both
undergraduate and postgraduate degrees. All students attend on campus and there are separate campuses f
male and females.

All Saudi universities have a preparatory year program to help bridge the gap between the public school
system and the undergraduate sysgihmistry of Higher Education, 2013Yhe main goal of a preparatory
year program is to improve the knowledge and skills of secondary school graduates before they undertake
their chosen majors at university. The prepamsayear athe universityaims to develop student skills across
a range of subjects and prepare them for the world of university. One of these skills is proficiency in English.
It is essential for students to develop their English because of greaterddeomatheir English at the e
tiary level

4 Method and Results

The study sample comprised 44 male Faculty members of the English Centre responsible for Bnglish la
guage teaching at the universiBor the purpose of this study, thefjuiredsample sizéor a confidence e
el of 95%with amargin of errof 5.0% wascalculatedo be40 participants

All Faculty members of the English Centre were invited to take part in abasdd survey. The web
based survey comprised eight sections:

1. demographics;

skill using computers;
skill using the Internet;
skill using mobile devices;
attitudes towards ICT;

attitudes towards using mobile devices in English language teaching;

N o g bk~ wDN

current use of ICT in teaching; and
8. future intentions to use mobile devices irgksh language teaching.

The demographic section collected data on age, teaching experience, native English speaker, nationality (i.e.,
Saudi or nofSaudi) and the highest qualification of Faculty members. The remainder of the survey (sections
2-8) comprsed items rated along a 7 point Likert scale. This paper presents partial results of this survey; in
particular, sections 4, 6, and 8, which related specifically to mobile devices.

Demographics

In total, 40 Faculty members of the English Centre took pathe wekbased survey out of a possible
population of 44. This represented a response rate of Bi&esample size was considered acceptable as it
met the required sample size of 40 participafie age range of survey respondents is presented in Table 1
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Table 1.Age Range of Rspondents

Age Range Frequency Percent Cumulative Percent
20-29 7 17.5 175

30-39 15 375 55.0

40-49 9 225 775

50 and over 9 225 100.0

Total 40 100.0

The teaching experience of respondents is presented in Tallle faost commonly represented teaching
range wa®-9 years §5.3%). The second most common was1Byears of teaching experien@6(3%)

Table 2. Teaching Experience of Rspondents

Teaching experience Frequency Percent Cumulative Percent
0-9 21 55.3 55.3

10-19 10 26.3 81.6

20-29 4 10.5 92.1

30 and over 3 7.9 100.0

Total 38 100.0

Skill using Mobile Devices

Respondents were asked to rate themselves using a seven point Likert scale on their skill using-mobile d
vices. These results gpeesented in Table 3.

Faculty members were considered to be reasonably skilled users of mobile technology and were capable
of undertaking a range of tasks considered important for English language teaching. Skills associated with
communicating with othersad the highest overall mean scores (i.e., calling people, sending and receiving
emails, and texting). Accessing information from the Internet was the next highest mean score, followed by
sending pictures and movies to other people, and taking digitakmawid photos. Playing and uploading
audio files and downloading and playing games and applications from the Internet were the two items with
the lowest mean scores.

Table 3. Faculty skill using mobile devices

Item Never used Not very Fairly Skilled Moderately Highly Extremely Mean SD
skilled skilled skilled skilled skilled
To textSMS people 1 1 5 6 5 8 14 5.33 1.68
(2.5%) (2.5%) (125%) (15%) (12.9%) (20%) (35%)
To call people 0 0 2 6 2 10 19 5.97 1.28
(0%) (0%) (5%) (15%) (5%) (26%) (49%)
To download and play games or applic 5 2 6 6 3 6 12 4.65 2.13
tions from the Internet (12.5%) (5%) (15%) (15%) (7.5%) (15%) (30%)
To send pictures or movies to othe 1 2 7 3 5 9 12 5.15 1.78
people (2.5% (5%) (18%) (8%) (13%) (23%) (31%)
To play, andupload audio files (such a: 4 1 8 2 8 6 11 4.78 1.99
MP3 or the radio) (10%) (2.5%) (20%) (5%) (20%) (15%) (27.5%)
To access information /services on tt 1 1 8 3 5 7 13 5.18 1.78
web (2.5%) (2.5%) (21%) (8%) (13%) (18.5%) (34%)
To take digitalphotos/movies 0 3 7 5 6 6 13 5.10 1.73
(0%) (7.5%) (17.5%) (12.5%) (15%) (15%) (32.9%)
To send or receive email 1 1 3 4 5 9 17 5.65 1.61
(2.5%) (2.5%) (7.5%) (10%) (12.5%) (22.5%) (42.5%)

Attitudes towards Mobile Devices in EFLTeaching

Faculty membersvere asked a to rate themselves using a seven point Likert scale (strongly disaayree, dis
gree, somewhat disagree, neither agree or disagree, somewhat agree, agree, strongly agree) on their attitude
towards using mobile devices in their English languagehi@g. The results are presented in Table 4.
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Table 4.Faculty Sttitudes towards Using Mobile Technology in English Language Teaching

Item SD D SwD NAD SwA A SA Mean SD
| would find mobile technology (MT) useful in my 0 2 2 10 9 11 5 5.03 1.32
English language teaching (0%) (5%) (5%) (25%) (23%) (28%) (13%)

| believe it would be more convenient to access Engl 1 5 2 12 7 8 4 451 1.58
language learning content via a mobile device over us (3%) (13%) (5%) (31%) (18%) (20%) (10%)

a computer

| believel would find it easy to use a mobile device 1 1 4 1 11 13 3 6 4.64 1.53
support my English language teaching (3%) (10%) (3%) (28%) (33%) (8%) (15%)

| think it might take me a while to get comfortable wit 3 3 8 5 10 5 2 4.08 1.64
using a mobile device for English langudgaching (&%) (8%) (22%) (14%) (28%) (14%) (5%)

| feel that | would have the knowledge necessary to 0 1 6 10 11 4 7 4.82 1.39
mobile devices to support my English language teachi (0%) (6%) (15%) (26%) (28%) (10%) (18%)

Using mobile technology would not be compatible wi 2 10 8 6 6 2 3 3.59 1.67
the way | teach English (5%) (27%) (22%) (16%) (16%) (5%) (8%)

| believe | would be more willing to use mobile technc 2 2 5 5 5 9 11 5.05 1.83
ogy if | had support if | needed help (5%) (5%) (13%) (13%) (13%) (23%) (28%)

Using mobile technology for English language learni 1 2 2 7 11 8 7 5.03 1.51
is a good idea (3%) (5%) (5%) (18%) (29%) (21%) (18%)

Mobile technology will make learning English mor 0 2 4 8 9 6 8 5.00 1.49
interesting (0%) (5%) (11%) (21%) (24%) (16%) (22%)

| would be anxious about having to use my mob 2 7 7 11 6 2 3 3.79 1.58
device to support my English language teaching (5%) (18%) (18%) (29%) (16%) (5%) (8%)

| would feel uncomfortable about using mohiéehnd- 5 4 8 10 2 5 5 3.0 1.88
ogy in front of my students in case | am unable to w¢ (13%) (10%) (20%) (26%) (5%) (13%) (13%)

it properly

Overall, | think using mobile technology would b 1 1 1 9 10 8 7 5.11 1.43
beneficial to my English language teaching and | wot (3%) (3%) (3%) (24%) (27%) (22%) (19%)

bewilling to adopt it in the future

Overall, Faculty members held positive attitudes towards the use of mobile technology in their English
language teaching. When asked whether they wouldnioioile technology useful in their English language
teaching the majority of Faculty members were in agreement (64% somewhat agreed, agreed or strongly
agreed). In response to statement whether mobile technology would be more convenient to access English
language learning content than computers approximately half (48%) of Faculty members somewhat agreed,
agreed or strongly agreed. However, 31% of respondents neither agreed nor disagreed to this statement. This
suggests there is uncertainty over the convex@eof mobile technology compared to computers. For ease of
use of mobile devices, the majority of respondents (56% somewhat agreed, agreed or stronglyexgreed) b
lieved they would be easy to use for English language teaching although 28% of respontenrtagreied
nor disagreed. Nearly half of the respondents (47% somewhat agreed, agreed or strongly agreed) believed
that it would take them some time to become comfortable in using mobile devices in English langtlage teac
ing. The majority of Faculty memk&e(56% somewhat agreed, agreed or strongly agreed) believed that they
had the necessary skills to use mobile devices in English language teaching. The majority of Fatulty me
bers (54% somewhat disagreed, disagreed or strongly disagreed) that using eshhidogy would benk
compatible with the way they taught English. This suggests that for a majority of Faculty members mobile
technology could be reasonably adopted into existing teaching practice.

The majority of Faculty members (54% somewhat agreededgr strongly agreed) indicated they would
be more willing to use mobile technology if there were adequate support. When asked whether they believed
using mobile technology would be a good idea the majority of respondents (68%) somewhat agreed, agreed
or strongly agreed with this statement. A similar proportion of Faculty members (62% somewhat agreed,
agreed or strongly agree), that mobile technology would make the learning of English more interesting. Both
of these can be considered an endorsement oisthef mobile technology in English language instruction.

Despite the positive attitudes towards mobile technology there existed anxiety around its usemFor exa
ple, 29% of Faculty members somewhat agreed, agreed or strongly agreed that they woutllibdnaving
to use mobile devices to support their English language instruction. Similarly, 31% of Faculty members
somewhat agreed, agreed or strongly agreed believed that they would feel uncomfortable using mobile tec
nology in class in case they couldtmork it properly. Despite such misgivings, the majority of Faculty
members (68% somewhat agreed, agreed or strongly agreed) believed that overall mobile technology would
be beneficial to their English language instruction and they would be willing f @do the future. Hav-
ever nearly one quarter of Faculty members (24%) neither agreed nor disagreed. Again, this suggests some
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degree of uncertainty amongst Faculty members of the utility of mobile technology in English language
teaching.

Intention to adopt mobile devices in EFL teaching

Faculty members were asked to rate themselves using a seven point Likert scale (strongly disagree, dis
gree, somewhat disagree, neither agree or disagree, somewhat agree, agree, strongly agree) on their inte
tions towardausing adopting mobile technology in their English language teaching. The results are presented
in Table 5.

In general, Faculty members responded positively towards adopting mobile technology in their English
language teaching. When asked whether theyldviike to see mobile technology incorporated into their
English language teaching, the majority of Faculty members (60%) somewhat agreed, agreed or strongly
agreed with this statement. Making English course materials available to students on mobiseveses/miso
received positively with 79% of Faculty members somewhat agreed, agreed or strongly agreed. Using a
Learning Management System was also endorsed by the majority of Faculty members (70% somewhat
agreed, agreed or strongly agreed). However, gsi@ard discussion forums were less positively received by
Faculty members (55% somewhat agreed, agreed or strongly agreed and 47% somewhat agreed, agreed ol
strongly agreed, respectively).

Table 5.Faculty Intention to Adopt Mobile Technology in English Language Teaching

Item SD D SwD NAD SwA A SA Mean SD
| would like to see mobile technology incorporated ir 3 2 2 8 7 8 7 4.78 1.80
my English language teaching (8%) (5%) (5%) (22%) (19%) (22%) (19%)

I would like my students to be easily able to vitheir 0 1 1 7 6 12 11 5.58 131
English language course materials (syllabus, no 0 0, 0 0

assignments) on their mobile devices (0%) (3%) (3%) (18%) (18%) (32%) (29%)

| would like my students to be able to access Learn 0 2 2 7 6 9 11 5.38 1.50
Management Systems (e.g., Moodle) fonglish la- 0 0, o 0,

guage learning on their mobile devices (0%) (%) (5%) (19%) (16%) (24%) (30%)

| would like my students to be able to take quizzes 7 4 1 5 9 4 8 4.29 2.17
their English language learning on their mobile device (18%) (10%) (3%) (13%) (24%) (10%) (21%)

| would like my students to be able to participate 0 1 2 7 11 8 9 5.32 1.32
discussion forums for their English language learni (0%) (18%) (10%) (3%) (13%) (24%) (10%)

from their mobile devices

One-Way Analysisof Variance (ANOVA)

Oneway Analysis of Variance was conducted to determine if there were any statistically significant di
ferences between respondentsdé attitudes towards t
their age range. A statistlly significant difference was identified for one itelhbelieve it would be more
convenient to access English language learning content via a mobile device over using a cdf(thBer
=7.02, p = .001. Post hoc comparisons using the Bonferroni test indicated that the mean score of respondents
in the 2029 years age range (M=5.86, SD=1.07) was significantly different to respondents ir4hgers
age range (M=3.00, SD=1.32) Theean score of 389 years age range (M=4.93, SD=1.21) was also was
significantly different to respondents in the-49 years age range.

Oneway Analysis of Variance was conducted to determine if there were any statistically significant di
ferences betwee r espondent sdé attitudes towards the use o
their years of teaching experience. Statistically significant differences were identified for two items. First,
believe it would be more convenient to access EBndénguage learning content via a mobile device over
using a computer=(3,33) = 4.77, p = .007. Post hoc comparisons using the Bonferroni test indicated that the
mean score of respondents in th8 Pears teaching experience range (M=5.10, SD=1.33) igasicantly
different to respondents in the-10 years teaching experience range (M=3.20, SD=1.69). The second item
wasl| feel that | would have the knowledge necessary to use mobile devices to support my English language
teaching F(3,33) = 3.56, p = Zb. Post hoc comparisons using the Bonferroni test indicated that the mean
score of respondents in théd0years teaching experience range (M=5.25, SD=1.41) was significantly diffe
ent to respondents in the-10 years teaching experience range (M=3.7G;.85).
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Oneway Analysis of Variance was conducted to determine if there were any statistically significant di
ferences between respondentsd intentions to adopt
range. No statistically significant fifrences were identified for items in this category.

Oneway Analysis of Variance was conducted to determine if there were any statistically significant di
ferences between respondentsd intentions ityearsadopt
of teaching experience. No statistically significant differences were identified for items in this category.

Pearson ProductMoment Correlation

Pearson produghoment correlation coefficiemtverecomputed to assefise relationship between Faeu

ty membersd | evel of skill using mobile devices al
English language teaching and intention to adopt mobile technology in English language teaching. There was
a moderate positive correlation betweehbio Facul ty member sé6 | evel of ski

Faculty attitudes towards using mobile technology in English language teaching (r = .440, N = 39, p = .005)
and intention to adopt mobile technology in English language teaching (r = .4838Np = .002). These
positive correlations provided us with the foundation to undertake the next level of analysis: hierarchical
multiple regressions.

Hierarchical Multiple Regressions

Hierarchical Multiple Regressions, or regressions in geraémalto derive a mathematical equation or an
estimated regression line, that depicts significant relationships between independent and the depiendent var
ables. This inquiry recognizes that multiple regressions are at best an indication of correlations that exist
between the key variables of interest. Causal relationships, or whether or not the independent variables in
this inquiry cause changes in the dependent variable can best be achieved by conducting experiments (or
guasiexperiments). For this exploratory wigy, what is being attempted is primarily a correlational study.

Hierarchical multiple regression analyses were used to explore the relationship between predickor and cr
terion variables of interest. Employing this type of analgsiableshe careful inestigation of variousfe
fects that occur between dependent variables and a host of independent variables including covariates. The
use of hierarchical regression allows us to be able to measure the impact of these different variables
(Raudenbush & Bryk, ZI2).

Variables of Interest

There were three groups of variables of interest for our hierarchical multiple regression analysis:€4) the d
pendent variable; (2) independent variables and (3) covariates. FutureUse (intended future use of ICT) was
the dependa variable for this study. This scale consisted of 5 itears 872). One set of independentivar

ables was composed of demographic indicators of the respondents (i.e. Age range, Years of Teaching and
Educational Qualifications). The other set of indemenid/ariable PercUsefullCT referred to the Perceived
Usefulness of ICT. This scale consisted of 9 iteans (.948). The final variable ICTSkillTeach corresgen

ed to the r-empedmahsures of gkillssneusinfg ICT for teaching. This scalsisted of 15

items @ = .982). For this analysis, ICTSkillTeach was treated as a covartaeiasic descriptive Statistics

and Cronbach Alpha for these items are presented in Table 6.

Table 6.Basic DescriptiveStatistics and Cronbach Alpha

Variable M SD a
Future Use of ICT (FutureUse) 5.065 1.317 .872
Perceived Usefulness of ICT (PercUsefulICT) 4.879 1.263 .948
Selfreported ICT Teaching Skills (ICTSkillTeach) 4.578 1.536 .982
Age Range 38.88 10.321

Years of Teaching 10.57 9.151
EducationaQualifications 3.26 (Higher Diplomp .993
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Preliminary Models

A multiple regression was performed utilizifigture use of ICT (FutureUses thedependent variable
andselected demographic variables (i.e. Age range, Years of Teaching and Educational Qualifications) and
Perceived Usefulness of ICT as independent variables. The variable I&ffisaly was also included as a
covariate. These three sets of predictors vagiadysedn order to determinbow these impact the decision
of lecturers to adopt future use of ICT.

DoesICTsele f f i cacy, identified in this analysis as a
as regards future use of ICT? Model | proed a statistically significant result F (1, 34) = 11.722, p <.05.
Model | accounted for 24% of the variability, as indexed by the Adjustetbstic. The covariate ICT self
efficacy reported a statistically significant standardized coefficieBt of 512 p < .(5.

What happens if demographic variables and the variable of Perceived Usefulness of ICT (reported in the
literature as the strongest predictor of future ICT adoption) were included in the analyses? plodeidéd
a statistically significantesult F (5, 34) = 8.269, p <.05. Model Il accounted for 51.7% of the variability (a
huge increase) as indexed by the AdjustédtRtistic. What is also notable is the standard error of tie est
mate decreased from 1.145 (Model I) to .913 (Model II). démmographic variables did not register statist
cally significant coefficients. However, the independent variable Perceived Usefulness of ICT registered a
statistically significant standardized coefficient®fi= .53Q p < .(® while the covariate (ICT seéfficacy)
adjusted taB 1= .342 p < .(b.

One of the issues that could compromise the analytical power of regressions is the existence 6f multico
|l inearity. Statisticians and social sciencelresea
ti col | and dawrtheseycanditionsrove highly unreliable and problemati(Mansfield & Helms,
1982, p. 158Pne of the most common tests employed in detecting multicollinearity is the Variance Inflation
Factor (VIF): Specifically, a VIF of #A1l0 or even
indicate the presences of unwarranted or savelliéicollinearity (O'Brien, 1994, p. 674)ests to detect ntu
ticollinearity on Model I, reveal that the highest VIF recorded for the coefficient®.192 which core-
sponds to the | AgdRgngerod Adtl \d rhieab IVd Fi fidieatswerewell c s o f
below the 4.0 threshold.

5 Discussion and Conclusion

Our purpose in this paper was to engage in contemporary debates about factors that have been purported
to explain how lecturers used ICT in their teaching. Delving into the most ciitezature, we intended to
interrogate the ideas of Mueller et al. and Albion who have proposed theories in relation to factoes that pr
dict ICT usage by teachers in specific contexts. teaching. Using empirically collected data in a Saudi Arabian
higher @lucation context, we intended to validate the hypothesised relationship between future use of co
puters as influenced by different predictors among which would be perceived skills in computer usage as
well as attitudes towards the use of computers. Inraelo this we undertook an analysis of our data
through a discussion of our main themes: (1) demographics; (2\WageAnalysis of Variance; and (3)iH
erarchical Multiple Regressions.

Our Key Findings: Demographics and OnewWay ANOVAs

Ourinvestigation ®demographic information of respondents alongside the conduct eiveynénalysis
of Variance (ANOVA) produced interesting results in relation to skills in using ICT as well as in regard to
self-reported attitudes towards the use of technology:

Generally,our respondentarefaculty members who considered themselves to be reasonably skilled users
of mobile technology. They alsmnfidentlyreported that they were capable of undertaking a range of tasks
considered important for English language teachifg. educational leaders and pohmakers, this is we
come news, as it indicates that university lecturers manifest that they possess skills in ICT use. la-an educ
tional context, where ICT use becomes a premium, the respondents in this study can beddescabgue,
as confident users of ICT.

Overall, our respondents saw themselvegailty membersvho had positive attitudes towards the use
of mobile technology in their English language teachirigs particular piece of very relevant information
also bodes well for educational leaders and policy makers: Our respondents comprising of lecturers in the
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higher education sector located in a Saudi Arabian context identify themselves as skilled SEy |-
cifically mobile technologies. More importantly, they acknowledge possessing openness and posiéive aspir
tions towards the use of mobile technologies in teaching.

Our Key Findings: Hierarchical Multiple Regressions

With the empirical knowledgthat our respondents report confidence in their skills in using ICT, specif
cally mobile technologies complemented by positive attitudes and openness towards ICT and nhebile tec
nologies, the next step is to see whether possible conceptual models cantibedde map these hypath
sised relationships. Interrogating theories from Mueller et al and Albion, our study was able to validate one
specific hypothesized relationship: Future use of ICT is predicted by attitudes towards the use of &T. Mor
over, thisrelationship is moderated by a covariate:-sefforted skills in ICT usage. This particular vakld
tion can be very helpful for educational leaders, peati@kers and practitioners. In terms of investments in
relation to professional development initiateg educational leaders and poligyakers, as evidence by our
empirical findings, demographic variables of age, educational qualifications and years of teaching do not
matter. What does matter is ensuring that higher education lecturers are able toaggireaiation of the
value of ICT, perhaps by establishing cultures and infrastructure in schools that support these. Doing these
might improve their attitudes towards ICT use. For educational stakeholders in general, particulatly pract
tioners: engagingivt h t echnol ogy and deepening oneb6s skills
towards the decision of adopting technology use in teaching.
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Abstract. Innovation and increased access &avable technologiesrepoised to inspira new
generation of technologgnhanced learningnvironments. Wearablgsrovide students and
teachers with handsee access to contextualiglevant knowledge, which can esplayedas a

3D virtual world oroverlad on smartglasses, accessed vismartwatch orwristband,or used

for providingbiofeedback through EE®onitoring A wide range of wearable devicesaigi-

able, and it is often difficult for educators to introduce these advanced techniques into higher
education contexts. This papgaesentdhree examples of the kinds eflucationabpplications

that have beerdeliveredin Australiaand indicate key awsiderations for educataiming to
develop their practice and embedarableools into the classroom

Keywords wearable technologiesechnology enhanced learning, head mounted displays, brain
imaging, augmented reality, virtual reality.

1 Introduction and Rationale

There has been a rapid increase in the range of wearable technal@jlable to educatorgwustralian
universities have set out their first initiatives for usimgarable technologigs higher education and related
activities. For instares the University of South Wales uségual reality /R) headmounted displays in
engineeringlUNSW 2014) the University of CanberréCanberra 2014and Macquarie UniversityMac-
guarie 2015have hosted workshops on the use of wearable technologidadat®n and training, and the
University of Western Australia has usedbi in their Self eHealth Challend&lance et al. 2016)hese
are only the first steps into a more comprehensive useeafable technologiea a wide variety of fields
and actities in Australian higher educatiam learning, health and awareness raising contexts

Wearable technologies are now available for use in a variety of higher education contertsydbert for
educators to harness the learning and teaching oppaetupitivearable technologies, it is crucial for them
to develop an understanding of the pedagogical applicatidtechnological and logistical issuassociated
with the technologyHowever, the scarce examples of application in higher education togétinene lim-
ited literature onthe use ofvearable technologidser learning and teachinipdicatethat the possibilities of
wearable technology in higher education are not yet well understdloite there is a need for moreroe
prehensive knowledge and wrdtanding about the uses of wearable technologies in education, other factors
affecting technology innovation in higher education need to be considered and addressed.

In particular, anew generation of mobile learning curriculum design and pedagogy prt@adhers with
new combimtions of educational potential for wearable technologies, incluim@bility to enable prov
sion of insitu contextual information, recording, simulation, communication;fiesson view, irsitu guid-
ance, feedback, distribah and gamification (Boweand Sturman 2015). Many of these, such as re
experiencing learning activities from thiest-person point of view, havieeen supported by othegcentre-
search (Fominykh et al. 2015).

In this paper we provide an overview of thi@rent context and introduce three projects that investigate
the use of wearable technologies in Australian universities. The insights gained from these examples allow
us to examine and compare wearable applications addressing different educationattoags,and target
groups, and offer practical considerations for educators implementing similar efforts.
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2 Context

Wearable technologiassedevices that are worn on the body. Wearable devices have been available for
around twenty years but have becon@éasingly popular as technology improves, prices reduce and access
is opened via greater broadband coverdage. most popular wearable devices include headnted dew-
es, smart watches and heattionitoring wristbands, but the number and type of devieeapidly increa-
ing. As at 21st of June 201éhe Vandrico Wearable Technologies databli@sndrico 2016)ncluded 436
devices across a range of sectors including fitness, medical, entertainment, industrial, gaming and lifestyle
sectors. Examples of aldy popular wearable devices include: Fitbit, Nike+, Misfit and Jawbong& wris
bands, Apple and Garmin watches, Oculus,&fiogle Glasseand Google Cardboatde a d s e t @, and
comerso such as Xiaomi bands, SamsuMggiGealLgapgps ol
weight AR, AMD Sulon and Meta One. Wearables are expected to expand their range into mind reading
technology, hearables, wearable toys, siathing, smart coaching, lisaving and even pet monitoring and
GPS mappingWareable 2015)

While there is considerable literature investigating the development and use of wearable technologies
across a range of fields other than education (for example, see Mahoney & Mahoney, 2010; Son et al., 2014),
there is less research into the use of weartdtenologies in educatiof@xceptions include Coffman and
Klinger 2015; de Freitas and Levene 2005; Wu et al. 2014; Yamauchi and Nakasugi s2i68ussed later
in this paper) The limited literature on wearable technologies for learning and teaching indicates that the
possibilities of wearable technology in higher ediocaare not yet well understood. One of the reasons for
this could be that educators are not familiar with the action potentials (Bower 2008a@ble technot
gies Another reason could be that the technology is so new that research has not yet baakeumntb -
form applications. Few pedagogical models or frameworks can stimulate and inform their practice.

There are only a few empirical examples regarding the useafable technologigs education in the
literature. In an early experimentamauchi and Nakasugi (2003)sedhead mounted displays fovide
streetview overlays of incidents from the past so that students could acquire a enperientialsense of
history in the actual placed occurrene. More recentlyWu et al. (2014used Google Glasturing medical
training roleplay activities to provide a firsperson viewpoint and recordings. In another recent trial by
Coffman and Klingef2015) teachers andtudents were provided with acces&imogle Glass to use during
Educational Psychology and Organisationah8viar classes. Outcomes from these trials inclatiedents
feeling a deeper connection with events and pedfamauchiandNakasugi, 2003)deeper student analgsi
and understanding of scenatiased practice@Vu etal. 2014)and seamless integration into student learning
workflows (CoffmanandKlinger 2015)

There is a current wa of enthusiasm and conceptual development from companies and institutions
worldwide interested in making wearable technologies applicable to.USeasnples includeusing virtual
and augmented reality to experience Earth as it was a hundred millicmagegBBC 2016) overlaying
visual information of the Mars landscape for training purpdSEsSA 2015) andseeing inside the work of
Salvador Dali(Wired 2016), ot to mention opportunities for disabilities, impairments and the provision of
care or rehalitation services.

3 Examples of Wearable Technology Applications in Australian Universities

In order to provide educators with models that exemplify the pedagogical potential of wearabletechnol
gies in higher education we present three examples¥tardoch University, Macquarie University and the
University of New Englandn Australia. These projects detaithe applicatiorand utility of using mobile
wearable technologies their particular domain: environmental education, cognitive and brain scieretes an
teacher trainingln the following we describe each one of the scenarios and experiences.

Conser+AR - A Mixed-Reality Mobile Game to Promote Awareness of Wildlife Conservation
in Western Australia.

ConservAR addresses the potential of using mobilearable, augmented and virtual reality technologies
in natural environments fagnvironmentaleducation and community awareness. It is a serious game that
engages students in a reabrld experience to promote awareness of wildlife conservation in Westsm A
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tralia. The current version is developed forthg s on é6s we ar a and iécasatsabetun ghAa s s e s
droid smartphones and tablets.

The storylineof the gamerevolves around an excursion or field trip, where the player traverses a real
world coure with the goal of gathering information about endangered species and their habitats, learning
about wildliferelated risks and developing strategies to addresservatiorthreats. The game includes a
3D virtual reality environment where users can revadithe information collected during the excursion.

Figurel. Conser+AR: A Mixed -Reality and Wearable Game for Wildlife Preservation

ConservAR has been applied to environmental conservation at Murdoch University, specifically focusing
on the Carnabydés Black Cockatoo, an endangered WA
are using the application to gain an awareessunderstanding of the campus natural environment (Figure
1). Automatic tracking of the activity will be used along with interviews and surveys to evaluate the usability
and didactic effectiveness of this application.

Portable Teaching Laboratory: Using a Gaming Headset to Monitor Brain Activity in the
Cognitive and Brain Sciences.

This project was designed to promote resedéased learning and leveraged the latest in consgraee
gaming technologies to deliver highly interactlag-based learningxperiences for undergraduate students
in the cognitive and brain scienceSpecifically, a fully portable and cesftfective human brain imaging
teaching laboratory was developed that implements the Emotiv EPOC EEG system (pictured). The EPOC is
an afforddle, wireless gaming system that monitors electrical brain activity. The EPOC has recently been
validated as a research tool in the cognitive and brain sciences by several members of the team involved in
this project(Badcock et al. 2013, 2015)

Building on this platform, a number of scaffolded-aé#sed research activities were developed and-inco
porated in the curriculum of the core unit for the undergraduate major in Cognitive and Brain Sciences. Du
ing the lab sessions, students wodtlaboratively insmall groupgo use the EPOC to visualise andawl
their own brain activity during the performance of simple expental tasks (Figure 2). The iraetive
learning tasks give students the opportunity to explore and deepen their understandingaibf@l con-
cepts and methodsgigally used in the field of cognitive and brain science, as well aslfiional research
steps. lllustrating how these activities compliment the other learning activities in the unit are the following
guotes from our 2016 cort in which they describe the lab sessions as givingthdhh e s ensati on
realstenti st and actually seeing what my own brain v
been learning about into practice so that we could gain a betieistanding of what the content was based
upon. o
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Figure2. Student of Cognitive and Brain Sciences Uses the Portable EEG System

This exemplar project demonstrated how the latest in wearable technologies could be leveraged to adopt a
researb-enhanced approach to leangp and teaching and provide a novel learning experience for students
an initiative awardedtheac ul t y of Hu maQitatidh oi lenavatiersin LBaening dnd Tdrac
ing. The successful implementation of this portablching lab in a firsgear core unit has been vitaliyi
portantas it has created a robust actiearning foundation for students pursuing a major in Cognitive and
Brain Sciences. In addition, the project has provided a useful model for developbas&abcurricula that
is extendable to other units in the Cognitive and Brain Sciences Program, as well as units in aHied disc
plines.

Virtual Teacher: Enhancing Virtual Teacher Professional Experience using Wearable Devices

This application usesvearabé technologies in prservice teacher education as a means of enhancing
learning and engagement in virtual professional experience activities. This projesupoitdthe significant
work by the case study leader in the creation of Virtual Practical Exger(VirtualPREX) activities
(Gregoy et al. 2013; Dalgarno et al. 201@)d the use of rolplay activities in virtual world¢Reiners et al.
2014)to examine how th®culus Rift heagmounted virtual display can be used to enhance the presence and
immersion of preservice teachers practicing classroom management during virtual world simulatios-exerci
es.

Students undertake twelbur sessions in a 3D virtual world. §ffirst sessioms anintroduction on how
to use the 3D virtual world using desktop computers, providing a context as to how it could be used as a
teaching and learning tool. The second session stdidértualPREX scenario (a 3D virtual world designed
for teacher professional experience practice) forspreice teachers undertake teaching-pdts activities
(Figure 3) For this second session thenetwo groups. Most students undertake the session in a normal
context as described in the first workgh The remaining students undertake the session using an Oculus
Rift or similar wearable technology. Comparisars then made between the two groups relating to their
sense of presence, immersion and engagement. All stugientavited tocomplete preand postests to
gauge their perceptiond the impact of the wearable technologytbair experience. Openrended responses
relating to engagement, immersion and presemeealsccollected to see if there was a difference between
those using the wearablechnologies and those who were not.

These workshops amvailable to on campus or online studehtiey have access to the Oculus Rift
provides insights into the use of wearable technologies to enhance immersion, presence and engagement in
teachereducationResearch undertake by this case study leader has been ongoing since 2008, however, the
inclusion of wearable devices is in its infancy.
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Figure3. Virtual Teacher: Students Engaging in Virtual Professional Activities

4 Practical Considerations and Adoption in Education

The adoption ofhe use of wearables can be challenging, with costs of devices, technical support, ped
gogic application and student readiness amongst some of the inhibitors to successful uptakesitiasniver
We use a framework proposed by de Freitas and Oliver (2006) to allow comparison between studies and
facilitate uptake. Thigfour-dimensional framewoikk suggests that the four el
representation and the learner need todrsidered when evaluating the efficacy of gdrased approaches.
Similar considerations can be applied to wearable applications in learning settings.

The elements of the framework can be summarised as follows:

The main purpose and use of the technolowiuding a consideration of tlwntext of use

Thereadiness of the studentohort, including their technical abilities and comfort, age, subject

of study and other demographics.

1 Thepedagogyto be used, including active learning, how the wearableshwilised for teaching
and learning.

1 Themode of representationof the learning conterfe.g. concepts, engines, mode of deployment,

level of fidelity and interactivity).

1
1

Table 1 facilitates a critical and reflective understanding of the implementatiocoanghrison between
the three examples. Other benefits of using this framework includerdhésion of support foeducators
aiming to develop their practice and embvaghrabletools into the classroom and reflection upon vesa-
abletools can support curriculum content most effectively.

In addition to theslements in théramework,the evidence from the three studies highlight the importance
of other factors that need to be consideasgbart of thescheduling anglanningof the cas studies, such as
quality and availability of resourcefgedbaclkand evaluation.

Wearable technologies provide a rangdratking mechanisms antheir associatedeedback processes
andanalytics. However the possibilities for capturing quantitativa de¢ uneven, e.g. while devices such as
sports and brain monitoring systems are specifically designedidwacking and providing accurate and
detaileddataabout the user in the context of the activity taking place, virtual reality headsets and smart
glasses focus on the information that is displayed and require spsefificareprogramming in order tola
low capturing quantitative feedback.

29



Tablel. Application Examples including an Overview of the Technologies Used, dpped againsthe Four-
Dimensianal Framework (de Freitas and Oliver 2006) and an Outline of the Pedagogical Affordances (Bower
and Sturman, 2015).

Example Context (Where?) | Learner specifica- Pedagogic consl- | Mode of represa- Pedagogical &
tion (Who?) erations (Nature of | tation (Learning fordances
learning activities) tools)
ConservAR 1 Outdoorg(Uni- 1 University st- 1 Authentic lean- | T Augmented re@d | 1 In-situ contextual
Wildlife con- versity campus dents and a range ing ty information
servation(Mur- and other ot4 of differentiated | 9§ Active learning | 1 Virtual reality 1 Simulation
doch Univers door locations) learners _  Learning ot 1 Smart glasses 1 First-person view
ty, Western il Rea}l outdoor Individually or in comes: h- 1 Distribution
’ i settings based groups creased engp 1 Gamification
Australia) activities thy with ari-
mals, and co-
sideration of
how animals
behave and act
Portable teae- | 1 University clas- University sti- 1 Research 1 Visualization I In-situ contextual
ing laboratory room dents (Fi.rst years enhanced and anq recordjng off information
(Macquarie 1 Laboratory enrolleq in then- gcgﬁolded a- brain activity 1 Recording
University, bas.e.d_ researc| trodut_:t_lon to tivities 1 Researchrole |  Simulation
' activities Cognitive and 1 Lab-based ®- play 1 First-person view
New South Brain Sciences perimental tasks 9 Gamingdevice
Wales) unit) { Structured
Small groups (b6 group activity
students) sheets
Virtual teacher | T University clas- University st- 1 Roleplay training | T Virtual reality 9 Simulation
(University of room(blended dents (enrolled in| § Enhanced imme | { Headmounted | T Communication
New England, and onlllne) teacher education  sion, presence display 1 First-person view
New South 1 Professmnal _ Groups and engagement 1 In-situ guidance
Wales) experience aotr 1 Feedback
ities {l Distribution

Central to the desigof case studie®valuation should include an examination of how the wearalile tec
nologies impactipon student outcomes and satisfaction. Qualitative feedback can include analysis of student
feedback, teacher perceptions as well as video and audio transcripts in sdaathrsfthat impact upon
wearable technology learning processes ¢bmbination of the use of quantitative and qualitative methods
will allow presentinga more detailed evaluatiari the case studies and enafbiieire crosscase analyses.

5 Conclusions

Recent developments in technology enhanced learning, and particolabile wearabledevices canfa-
cilitate learningopportunitiesbuilt on new educational affordancds this paperwe outline the potential
educational, social and research impaant disasspossible appliations of wearable technologigshigher
education.

We describe three projects conducted in Australian universities that explore the application of wearable
technologies in a variety of learning scenarios. These examples are comjrageal fusmework that draws
on an understanding of the context, pedagogy, t
discuss other factors that can support evaluation, degisaking and uptake in educational settings.

ec

This collaborativeeffort aims to improve understanding of the use of wearables in education and expand
the opportunities for learning innovation within the academic and research communities in Australia and
internationally. To that extent we call on any people interestédriming part of a community of practice
relating to the use of wearable technologies to make contact with the authorial team.

30



6 Acknowledgements

The portable teaching laboratory was funded by the Macquarie University Innovation and Scholarship
Program (I®) Grant (2016), awarded to Dr. De Wit and Dr. Kaplan (Macquarie University, Sydnsy, Au
tralia).

7 References

Badcock NA, Mousikou P, Mahajan Y, de Lissa P, Thie J, McArthur GM (2013) Validation of the Emotiv EPOC®
EEG gaming system for measuring researahlity auditory ERPs. PeerJ, 1, e38. ltps://peerj.com/articles/382
September 2016

Badcock NA, Preece KA, de Wit B, Glenn K, Fieder N, Thie J, McArthur G (2015) Validation of the Emotiv EPOC
EEG system for research quality auditory ewatdted potentials in children. Peer], 3, €907. At
https://peerj.com/articles/9072 September 2016

BBC (2016) Wal k with the wor |l détp:/Mwwgdl.eomieanstoryi20160210r in
attenborougfandthe-giantdinosaurvirtual-reality-360, 25 June 2016

Bower M (2008) Affordance analy$imatching learning tasks with learning technologies. Educational Media
International, 45(1),-35

Bower M and Sturman D (2015) What aftee educational affordances of wearable technologies? Computers &
Education, 88, 34353

Canberra (2014) UC workshop: using Google Glass in class. hitp://www.cankerra.edu.au/about
uc/media/monitor/2014/may/§oogleglass 25 June 2016

Coffman T and Klinger MB (2015) Google Glass: Using wearable technologies to enhance teaching and learning. Paper
presented at the Society for Information Technology & Teacher Educhtiernational Conference, Las Vegasg 2
March 2015

Dalgarno B, Gregory S, Knox V, Reiners T (2016) Practising Teaching using Virtual Classroom Role Plays. Australian
Journal of Teacher Education, 41(1), 1264

de Freitas S and Levene M (200B)arable and mobile devices. In: Ghaoui, Claude (ed) Encyclopedia of human
computer interaction. Hershey, Pa.; London: Idea Group Reference, pp1Z06

de Freitas, S., & Oliver, M. (2006). How can exploratory learning with games and simulations wittimribglum be
most effectively evaluated?. Computers & Education, 46(3),2549

Fominykh, M., Wild, F., Smith, C., Alvarez, V., Morozov, M. (201Bn Overview of Capturing Live Experience with
Virtual and Augmented RealityProceedings of the 11th International Conference on Intelligent Environments, Prague,
Czech Republic, 87 July 2015pp 2983050

Glance DG, Ooi E, Berman YE, Glance CF, Barre® (2016) Impact of a Digital Activity TrackéBased Workplace
Activity Program on Health and Wellbeing. In Proceedings of the 6th International Conference on Digital Health
Conference, Montreal, 113 April 2016, pp. 341

Gregory S, Dalgarno B, Campbell,Reiners T, Knox V, Masters Y (2011) Changing directions through VirtualPREX:
engaging preservice teachers in virtual professional experience. In G. Williams, P. Statham, N. Brown, & B. Cleland
(ed), Changing Demands, Changing Directions. Proceedintisealdobart 2011 (pp. 49501). Hobart, Australia: The
University of Tasmania and ascilite. At http://www.leishman
associates.com.au/ascilite2011/dowds/papers/Gregoryfull.pdf, 2 September 2016

Macquarie (2015) Wear abl e T ehttf/fteohle.lbcgng.eds.du/waaralgehmologiesn e d u ¢
placeeducation/25 June 2016

Mahoney EL and Mahoney DF (2010) Acceptance of wearable technology by people with Alzheimer's disease: Issues
and accommodations. American Journal of Alzheirmdissase andtherdementias

NASA (2015) NASA, Microsoft Collaboration Will Allev Scientists to ‘Work on Mars'. At
http://spongeuk.com/2015/06/augmentedlity-andworkplacetraining/, 25 June 2016

Phipps L, Alvarez V, de Freitas S, Wong K, Bakemlht Pettit J (2016) ConseAR: A virtual and augmented reality
mobile game to enhance studentsd awareness of wildlife
World Conference on Mobile and Contextual Learning (mLearn 2016), Sya#&&@g October, 2016. In press

31


https://peerj.com/articles/38/
https://peerj.com/articles/907/
http://www.bbc.com/earth/story/20160219-attenborough-and-the-giant-dinosaur-virtual-reality-360
http://www.bbc.com/earth/story/20160219-attenborough-and-the-giant-dinosaur-virtual-reality-360
http://www.canberra.edu.au/about-uc/media/monitor/2014/may/9-google-glass
http://www.canberra.edu.au/about-uc/media/monitor/2014/may/9-google-glass
http://mikhailfominykh.com/res/Fominykh_Wild_Smith_Alvarez_Morozov_iLRN2015_preprint.pdf
http://mikhailfominykh.com/res/Fominykh_Wild_Smith_Alvarez_Morozov_iLRN2015_preprint.pdf
http://www.leishman-associates.com.au/ascilite2011/downloads/papers/GregoryS-full.pdf
http://www.leishman-associates.com.au/ascilite2011/downloads/papers/GregoryS-full.pdf
http://teche.ltc.mq.edu.au/wearable-technologies-place-education/
http://teche.ltc.mq.edu.au/wearable-technologies-place-education/
http://spongeuk.com/2015/06/augmented-reality-and-workplace-training/

Reiners T, Teras H, Chang V, Wood LC, Gregory S, Gibson D, Peter N, Teras M (2014) Authentic, immersive, and
emotional experience in virtual learning environments: The fear of dying as an important learning experience in a
simulation. Teaching and Learning Forum, Curtin University. At
http://clt.curtin.edu.au/events/conferences/tlf/tif2014/refereed/reiners Atddptember 2016

Son D,Lee J, Qiao S, Ghaffari R, Kim J, Lee JE, Song C, Kim SJ, Lee DJ, Jun SW, Yang S (2014) Multifunctional
wearable devices for diagnosis and therapy of movement disorders. Naturet&chnology, 9(5), 39204

UNSW (2014) Entering the virtual world. Atttp://www.engineering.unsw.edu.au/emag/news/entaririgal-world,
25 June 2016

Vandrico (2016) The wearable technology databaséttpt//vandrico.com/wearablg85 June 2016.

Wareable (2015) 50 wearable tech gamechangers for 201bttpA/www.wareable.com/wareable50/bestarable
tech 25 June 2016

Wired (20L6). Oculus Rift takes you inside the wild mind of Salvador Dalihtég://www.wired.com/2016/01/oculus
rift-takesyouwinsidethe-wild -mind-of-salvasr-dali/, 25 June 2016

Wu T, Dameff C, Tully J (2014) Integrating Google Glass into simulatimsed training: experiences and future
directions. Journal of Biomedical Graphics and Computing, 4(2), p49

Yamauchi Y and Nakasugi H (2003) Past Viewer: Develapnof wearable learning system. In World Conference on
Educational Media and Technology, Honolulu, Hawaii28June, 2003, pp. 94516

32


http://clt.curtin.edu.au/events/conferences/tlf/tlf2014/refereed/reiners.html
http://www.engineering.unsw.edu.au/emag/news/entering-virtual-world
http://vandrico.com/wearables
http://www.wareable.com/wareable50/best-wearable-tech
http://www.wareable.com/wareable50/best-wearable-tech
http://www.wired.com/2016/01/oculus-rift-takes-you-inside-the-wild-mind-of-salvador-dali/
http://www.wired.com/2016/01/oculus-rift-takes-you-inside-the-wild-mind-of-salvador-dali/

Ari ane.-BaAsaveband M&bi de e®da@lnDto
Augmented Reality Learnin

Victor AlvareZ, Juan Ramén Pérd%éreZ, MPuerto Paufeand Sara de Freitas
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Abstract. Ariane is an authoring tool that guides the design of augmented reality (AR) learning
activities. Developed to support tngctional designers and practitioners in the design of AR
learning experiences with a strong focus on learning design and student learning. In Ariane, u
ers are encouraged to consider and specify factors including the use of context, task design and
assesment criteria. In this work we present the rationale for the toolkit and we describe the
software design and implementation. We provide an example of a learning activity design crea
ed using Ariane and discuss recent progress and future work.

Keywords augmented realityauthoring tool, mobile learning, instructional design

1 Introduction

Augmented reality (AR) in education has been claimed as a hifimstresearch field by the advisory
board of the 2015 Horizon Report Australia Edit{dohnson et aP005. AR aimsto enhancetudentsex-
perience by merging the reahd virtual worldsproviding contexsensitiveinteraction(Alvarez et al 2014)
and offering a wide range of pedagogical affordances to educators (Bower et al. 2014). Examples in educ
tion include seeing a 3D visualisation and manipulating molecules in chemistry (Singhal et al. 2012), and
overlaying and interacting with digital information in field trip activities (Fitzgerald and Adams, Z043).
thermore, in areas such dsual arts(Di Serio et al. 2013) and biology (Tarng and Ou 20AR has co-
tributed to increase slents' motivation and interest.

AR technology allows educators to create a scenario, provide cepiesific information and embedrvi
tual data seatassly within the rdlawvorld (Bower et al2014).In concordance with other areas of educsatio
al technology, there are two different but complementary approaches that have been attempted by researchers
in this domain. One intimately related with the generation and use obtegignand a second more focused
on pedagogical and learning aspects.

Ariane http://www.pulso.uniovi.es/mobilelearnings a web and mobitbased application that combines
innovative technologyral novel learning strategies that emphasise the role of learners, the interaction with
the physical environment and the importance of-tzesded learning design. Our model has been developed
with the goal of providing teachers and instructional designéts avbetter understanding of the diverse
elements and factors involved in designing an AR learning activity; and enabling them to elaborate and d
liver their own tailoredearningactivities.

2 Rationale and Related Work

Augmented reality is a technologyathhas already presented significant advances in areas suchias arch
tecture and desigfWang 2009) art(Chang et al. 2014nd medicingNicolau et al. 2011)The application
of mobiles and AR in education has been successfully tested intzgesed learmig, fieldtrips, 3D learning
experiences and skill acquisitigwu et al. 2013)where AR provides a medium for understanding concepts
and phenomena in contgominykh et al. 20154nd contributes to increase students' motivaiigower et
al. 2014)

Theissues of AR in education are caused in large part by approaches focused on technology rather than on
learning outcomeg~ominykh et al. 2015)This suggests the need for initiatives that guide and support the
instructional design of AR learning activisieAR authoring tools that are oriented for programmers can
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make it difficult for teachers and instructional designers to build and conduct efficient {adamted n-
structional procedure&rom this educational perspective, it is important to focusamntb enhance thexe

perience of learning without interfering with it (Beale 2006) and to contribute to the evolution of technology
enhanced | earning (TEL) into 6seamless | earning s

Therehave been only a few examples in the lit@raon tools that allow instructional designers, teachers
and students for a seamless design ofb&Red educational activities. The STEP lab at MIT has developed
an AR authoring tool (Klopfer and Sheldon, 2010) that allows designers or teachers tcABresience
games with a dragnddrop interface. ARLearn (Ternier et al. 2012), developed at the Open University of
the Netherlands, is framework that allows defining an underlying instructional design for ga(desetral.
2014)the authors introduce aserfriendly authoring tool that lets neexperts, typically engineers, create
AR content quickly and effectively within a 3D modeling environm&RIS (http://arisgames.ojgis an
augmented eality storytelling engine that can be used to create mobile garA&LEM
(http://arlem.kmi.open.ac.jiks an ongoing initiative of the Open University (UK) to develop a model for
AR-assisted learning.

While thee is no standard for the description of AR activities in education, each authoring tool has its
own set of characteristics, parameters as well as a proprietary data model and terminology, making it diff
cult to cover all the phases of the lifgcle of alearning activity and design new taskfie webbased and
mobile tool presented in this paper builds on previous Wlavko et al. 2013Yalero-Simancas et al. 2011)
to allow teachers easily to design, conduct and asse#\Rbased learning activity, amdake the resulting
description of learning tasks compatible with other authoring tools and mobile clients.

3 Software Design and Implementation

Ariane models the life cycle of a learning activity in three phadesign(organization of knowledge and
learnirg activities) instruction facilitating a locatiorbased and studenentred learning strateggnd -
sessmentf the learning tasks.he webbased tool allows teachers to describe the context, learning tasks and
assessment procedyféigure 1) An activity created in Ariane can be exported to multiple formats and used
with different authoring tools and clients (i.e. ARLearn). Our client application is developed to rum on A
droid and iOS, the dominant operating systems for mobile and tablet devices @é&shmae 2016). During
the classlearning tasks are displayed relative to their context. The descriptions of learning activities as well
as studentsd responses are synchronised with the
back intothe webbased tool to assess and mark the regulse e vi deo A Ari ane,u Aug me
c a t ihtps:Bww.youtube.com/watch?v=B38TUidO0).

4 An Example of Application

Ariane has been used in an environmental course in secondary educatios.eixathple we addressed
the educational potential of using mobile and AR technologies in a natural environment. In this activity 49
students used Android tablets to interact with geolocated multimedia contegtandns i Gknomdledge
about the local enronment (geography, geology, natural materials and vegetation) on a class field trip in the
woods.The teacher made use of Arianeébés authoring too
cises that were triggere@he geolocated multimedia demis (dynamic map, targeted locationsitial and
final videos, images and questionnaireg@re preloaded onto the tablet¥he client was provided with a
tracking system to collect information during the activity, as well as the results from therdifrezcises.
This information was complemented with direct observation and the qualitative information obtained from
conversations and formal interviews with the teacher. Although this particular assignment was not evaluable,
this module allowed the teashto review the results and reflect on the pedagogy and results of this activity.

The day before the class, the research teantrertdacher recognised the field, tested the application and
checked that everything was ready. Some problems were idémtifieng this test. A gentle rain provoked a
lack of precision in the touch interaction. It was required to wipe the screens regularly, but evenehen, it r
mained difficult to interact with the ansplaiecaat i on
limited number of tablets and worked in groulkast students were enthusiastic about the activities and the
use of tablets and the overall teaching and learning experience was reported as positive.
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Figurel. Description of a Field Trip Learning Activity in Ariane

However we alsodetected important pedagogichbrdware and usability issues. Tuhool did not have
enough devices for all studenfdthough a groupwvork design can be used, the limited availability of devi
es means thain practice, the smart phone will be preferred for larger scale implementations, where students
can bring their own devices (BYOD). The teacher perceived an increase in the motivation with the use of
tablets, but not in all students and generally, theusmism decreased gradually during the activity, mainly
due to difficulties in using the interface and answering to the questionnaires. We also observed other issues
such agow sound voluméevel, lack of precision in gpkcation and dificulties to visudse the maps.

5 Current Status and Future Work

Technology is transforming learning and introducing new educational scenarios that take advaetage of r
search areas such as augmented reality to enhance the impact of learning basedoold gberiences.

This paper introduces Ariane, an authoring tool that enables a flexible design of AR learning activities. An
application example in a high school field trip serves to examinbehefitsand challenges of using AR in
secondary educatioAR-based learningeed to overcome a number of limitations and the integration of AR
in education should be driven by pedagogical needs and supported by the effective use of technology.

Current developments of Ariane extend and elaborate on the pedagogical and techroblagicteristics
to include gamdasedelementsand improve the functionality, usability and user experieu@. recent
mobile development, ConseAR (Phipps et al. in press) uses wearable technologies and addresses some of
the limitations found in th@revious versionWearable technolags allow a much closer association with
the user and a higher degree of freedom. As highlighted by Génttps://www.gartner.com/doc/3229717
mobile devices togeén with wearable and other electronic devices will expend the set of endpoints use to
access information. In our view, this fidevime mes
ing in the near future.

35


https://www.gartner.com/doc/3229717

6 Acknowledgements

This work has been paally funded by the Department of Science and Innovation (Spain) underathe N
tional Program for Research, Development and Innovation: project EDUSEIAEP. We have alsoer
ceived funds fronthe European Union, through the European Regional Developgfoeas (ERDF); and
the Principality of Asturias, through its Science, Technology and Innovation Plan (grant GRURIO)14

7 References

Alvarez V, Klerkx J, Charleer S, Duval E and De Mdbr(2014 Science 2.0 and visual data exploration using
augmented reality. In Proceedings of the Workshop on Collaboration Meets Interactive Surfaces: Walls, Tables, Tablets
and Phonedresden Germany, 18 November 2014p. 1-6.

Beale R(2006). How to enhancéé experience without interfering with it. Big issues in mobile learqingp-14

Bower M, Howe C, McCredie N, Robinson A, Grover D (20Migmented Reality in educatidncases, places and
potentialsEducational Media International, 51(1); 15.

Chang KE, Chang CT, Hou HT, Sung, YT, Chao Hlee CM (2014)Development and behavioral pattern analysis of a
mobile guide system with augmented reality for painting appreciation instruction in an art m@suputers &
Education, 71, 18397.

Di Serio A, IbafiezMB and Kloos CD(2013 Impact of an augmented reality system on students' motivation for a
visual art courseComputers & Educatigr68, 586596

FitzGerald E and Adams 2013 GeoHCI for learning in the wild. In GeoHCI Workshop at CHI 2013, Paris, Eranc
271 28 April 2013. Athttp://oro.open.ac.uk/370333 August 2016.

Fominykh M Wild F, SmithC, AlvarezV, MorozovM (2015). An overview of capturing live experience with virtual
and augmented reality. Proceedings of the 11th International Cooéeom Intelligent Environment®rague, Czech
Republic 13-14 July 2015, Vol. 19, pp 29805.

Jee HK, Lim S, Youn J, Lee (2014) An augmented realithased authoring tool for -EBarning applications.
Multimedia Tools and Applications, 68(2), 2285

Johnson L, Adams Becker S, Hall (2015) 2015 NMC Technology Outlook for Australian Tertiary Education: A
Horizon Project Reginal Report Austin, Texas: The New Media Consortium.

Klopfer E, Sheldon J (2010)\ugmenting your own reality: Student authoring of sciebased augmented reality
gamesNew directions for youth development, 2010 (128)945

Lobo MF, Alvarez Garcia VMard Paule Ruiz MR2013 Integrated Authoring Tool for Mobile Augmented Reality
Based ELearning Applicationsin Proceedings of theADIS Mobile Learning 2013 International Conference, Lisbon,
Portugal, 1416 March 2013, pp 26368.

Looi, CK, Seow P, ZhanB, So HJ, Chen WWong LH (2010) Leveraging mobile technology for sustainable seamless
learning: a research agendaitish Journal of Educational Technology, 41(2), 115%.

Netmarketshare (2016) Mobile/Tablet Operating System Market SAahdtps://wwwnetmarketshare.com/operating
systemmarketshare.aspx?qprid=8&gpcustomd=28 August 2016.

Nicolau S, Soler L, Mutter DMarescaux J (2011)hugmented reality in laparoscopic surgical oncolo§urgical
oncology, 20(3), 18201

PhippsL, AlvarezV, deFreitasS, WongK, BakerM and Pettit) (2016)ConservAR: A virtual and augmented reality
mobile game to enhance studentsd awar .dnmPeosesdingsfofth&sth dI i f e
World Conference on Mobile and Contextual Leag{mLearn 2016)Sydney, 2426 October, 2018n press.

Singhal S, Bagga S, Goyal P and Saxen@®.2 Augmented chemistry: Interactive education systknernational
Journal of Computer Applications, 49(15}51

Tarng W and Ou KL(2012 A study of carpus butterfly ecology learning system based on augmented reality and
mobile learning. InProceedings of théEEE Seventh International Conference on Wireless, Mobile anduitics
Technology in Education. Takamatsu, Japar3@March2012 pp62-66.

Terner S, Klemke R, Kalz M, Van Ulzen P, Specht M (20RLearn: Augmented Reality Meets Augmented
Virtuality. J. UCS, 18(15), 2142164

36


http://oro.open.ac.uk/37033/

Valero-Simancas G, AlvareGarcia V, PérePérez JR, PauwRuiz MP (2011) Unidroid, augmented reality
applications for Adrad at the University of OvieddProceedings of the IADIS International Conference on Mobile
LearningConferenceAvila, Spain, 1612 March 2011pp 217221.

Wang X (2009)Augmented reality in architecture and design: potentials and challenges for application. International
Journal of Architectural Computing, 7(2), 3326.

Wu HK, Lee SWY, Chang HyLiang JC (2013Current status, opportunities and challenges of augmeaéditlyrin
educationComputers & Education, 62, 449.

37



Survive with the VUVU on t he
a User | nt er face Evaluati on
Statistics Educatio

A. Seugnet Blignadt Gordon MattheWwand Lizanne Fitchat

'TELIT-SA, Faculty of Economic Sciences afid North-West University, Vaal Triangle CampuSouth
Africa; 2UPSET, Faculty ofHumanities North-West University, Vaal Triangle CampuSouth Africa

Abstract. This paper reports on an interfacgability evduation of the first level o prototype
serious gamealledSurvive with Vuvu in the Vadlhe studyinvestigatedhe initial conceptua
ization, design and development of tieerinterface of the gamet also looked at whether the
gamewas functional andvhether itmetthe used gxpectationsThe study sample comprised
seveneenfirst year students (n=1MWho wereenrolledin a Statisticscourse at a local Univers

ty. The study folloved a fully mixed sequential dominanstatus designThe first phasen-
volved the use of eyetrackimgeasuremertechniquesfollowed by individualinterviewsof the
participantsto obtaintheir perceptionf the game. The eyetrackimgeasuresomprised fixa-

tion count, dwell timefixation duration and # average length of fixatiomhis was done for

six areas of interesh the gameThe qualitativeusability codesomprised thegame instra-

tions expectations of 3D graphicgame contextgame challengeandtime pressureWe dis-

cuss seven areas to bensideredor future development of the game. Two prominent reeo
mendations include the use of eyetracking equipment for mobile devices which will contribute
towards better evaluation of the studeantso
ipatory design for the next phases of the game.

Keywords eyetracking, serious games, mobile games, usability evaluation

1 Introduction

This paper reports amuserinterface evaluation of the first levet a prototypeserious gamecalledSu-
vive withVVuvuin the Vaal. The participants were sampled fromapulation offirst yearStatisticsstudents,
and their interactions were measured usipgtrackingand usability interviewsThe study aims to determine
if the initial conceptualization, design and dexwhent of the interfacef the game was functionah formal
evaluation of the serious gamas necessary wontinuewith further sections of the game.

While empirical research hahownthat serious gamesach lowetlevel intellectual skills and imprev
physical skills they alsoembody weHestablished principles andarning modelsSerious gmes aren ef-
fective source of learningpartly because the learning takes pladthiw meaningfulcontexs. The learning
content encompassed in tlsisrious gamdirectly relates to the learnirgnvironmentwhere learning is not
only relevant,but is immediatelyapplied and practiced within éhcontext. Situated cognition @arning
which occurs in meaningful and relevant contgitsmore effective than learnintpat occurs ouide the
context(Van Eck 2006)Killii (2005) reminds us that the aim of serious games is legihile-playing and
that technology does not substitute teachers.

\
0
n

gami

ALowering the barrier between education and real

ter exploit the potential of computers and reach a demographic that is traditanalyr se t o
(Prensky 2003)This statement accurately describes ourfangdesigning a serious game for StatisticsiEd

| ea

cation as we feus ona generation of firsyearstudents. The New Media Consortium pronounces games for

learning as one of two ways that students learn outdideassroomsSerious games are acclaimed for their
application in the developing of inductive reason{dghnson et al. 2015)ncreasinglyhigher education

'Vuvu d eis thearmscdt of the Vaal Triangle Campus of the N@v#st University. Vuvu is a goo8equite fitting since the
Campus is situated within a proclaimed nature regeared represents student life on Campus.
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institutions adopt the bringour-own-device (BYOD) option for studds to access online learning enviro
ments(Johnson et al. 2016Ferious games provide compelling adventures while students acquire, practice
and verify their knowledge according to pedagogical parad{@eHkotti et al. 2009) This represents agsi

nificant opportunity for 2%century educatort enhance their educational kibto reach diverse students
(Calkins and Kristen Vogt 2013yheideao f dedi cat ed | earning thromgh geé
their own time was the reinforcement need&ddevelop a serious game faovice Statistics Education st

dents at a rural univsity in South Africa.

Games played on mobile devicaiee becomingncreasinglypopular due t& t u d eeliance domobile
phones, their yriad uses beyond voice callingnd the technologicaldvancementsf mobile devices in
general. Games and other hggtions on mobile devices also contributeuser® meetng certain motia-
tional need like personal satfaction,emotional and hedonic need®cial connectionontextawareness,
task performance, exploratory plakilling time and socializing(Goh et al. 2012)An added advantage is
that these attributes are readily available on mobile devices found in the siudemte c k e t s .

At the Vaal Triangle Campus (VTC) of the Noitflest University (NWU), introductory Statistics isepr
sented across faculties as a service course for a variety of qualifications. PretheuSkgrious Game Inst
tute, South Africa (SGISA), condictedanalyss amongstoncerned students who revealed that theissati
faction with the traditional mode of classrodrased course facilitation rated low. The studexiserienced
the content of the introductory statistic cousseomplex, the statistioaxamples and exercisasnot rek-
vant to their particular fields of studgr useful fortheir daily lived experiences as young peoplad the
prescribed textbooksunfriendly (Leendertz etla2015) The needs analyses aimed to identify suitable a
ternative modegor course facilitationwhich would suit the needs of especially first generation students,
their current level of academic development, with the set curriculum of the introgstatistics course in
mind (Fitchat et al. 2016)A situational analysjsconducted amongstatistics lecturersndicated that they
were of the opinion #it a serious gandea video game for learning fundamental statistics principles while
having fur® could possibly address the teaching and learning needs of both students and (Eitchatset
al. 2016) The consensus was ¢t hat t h esunvivalt amdhadse ik a suevival o u s
guide for first year studenés but with examples of positive risks. The game will be contextualized around
the activities on cameesderzetdl.201B)e surroundi ng area

2 Background

As part of the longitudinal process of game design and evaluation, findings from a focus group interview
defined thetheme and storgf the serious gamé&urvive withVVuvu in the VaalThe focuggroup comprised
statistics students, statistics lecturers, game designers and researchers. Theesqudssesthe opinion
that they would find the game motivating and captivating if the game related to their everyday lives and if it
was divided into m assortment of mirame® each with its own minstory, but yet contributing towards
better understanding of the statistics curricullumendertz et al. 2015 he first prototypeconsideredon-
cernsthat first-generation studentencounteron-campus for the very first time in their liveandhave to
contend with during their adjustment to university .liflehe development team planned a series of-mini
games which mimicked campus life; eagith its own unique scene, content, and score board.

The first of a seriesof miga mes, which i s the focus of-campbsi s st
experiences in residences, relating to their electricity usage. Students buy prepaid elaottititgrefore
have to be mindful of electricity costs, in order to manage their limited budgets. The game focuses on the
managing of prgoaid electricity accounts as data source. The foundational concepts of this introductory
mini-game include: (i) samplg and data gathering, (ii) frequency distribution, and (iii) descriptive measures
of location and spread.

The game mechanic requires players to tap on as many possible, randomly appearing artefacts within a
limited time period. This mechanic was based on the mecharsied inthe arcade gamé&VhackA-Mole
(Chittaro and Sioni 2012)nt he pr ot otype of our game-upforashordence
period of time, whereinhe players must tap on a-lip window to collect an electricity bill from the acc
pant.Figure 1depicts the layout of the main game screen. The title bar (top of the screen) displays-the nu
ber of bills collected (lefhand side), theurrent high scorémiddle), and the time remaining (righand
side). The arcade playing takes place in center of the sé&ke#re bottom of the screen are baskets in which
the occupantsd bills need to be placed (Figure 1)
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Figurel. Tapping of a Lit-up Window in order to Collect a Bill

When a player taps on a-lip window, the occupant hands the player an electricity bill that displays a
random amount between R150 and R450 (Figure 2).

Hello! Here is my
electricity bill for the
month.

[160; 200) [200; 250) [250; 300) [300; 350) [360; 400) 400 ; 450)

Figure2. Collecting and Categorizing of the Electrical Bills

The player must then assess the value of the electricity bill and drag it into the corresponding basket
(range) at the bottom of the screen. In the cédggure 2,the bill with a value of R153.87 belongs in the
basket labeled [150 ; 200]. Once the player has dropped a bill into a basket, the game returns to the residen
es screen, where the player continues to tap on anotigrwWindow. Wherthe time runs out, the gane
over andthe player is presented withsummary ofhis or her achievementgigure 3).0On this screen, the
player is shown which baskets contain bills with the correct value. A check mark above a basket indicates
that the bills placed into the basket matches the indicated range. A crosemtheatthe bills inside a a
ket relate a value outside of the range of a basket. This feedback screen also displays the santipde size
number of collected bills along with the playerds
is rewarded with up to three stars. Players now have the option to play again or exit the game.
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Figure3. The Feedback Screen

After investigating the possible technological platforms available on the VTC, the researchers developed
the game for Android operating system on tablet deyloesndertz et al. 2015)

3 Reseach Design and Methodology

This seriousgame was the first introdtary mini gamefor Survive with Vuvu in the Vaalhe evaluation
comprised only the first phase of the envisaged comprehensive collection of mini games designed as a tool
for introductory Statistics Educatioiielsen and Molich (390) advocate thatisability evaluation be pe
formed early in the development procabterefore wémplemented thesability evaluations at ik point

The st udy ulyorixedosguential dominaiht status design thaikes qualitativeand quantif-
tive research across the stages of the resgarcto c¢ (&eech @nd Onwuegbuzie 2009)hefirst phase of
the study involved the use efetrackingechniguess he quantitativgphasewhich provided us with exte
sive decision data, and is therefore alledatiominant status'he second, followed qualitative strategies
(individual focusednterviews)as a usability evaluation, in orderobtaint he r esear ch pparti c
tions about the game aspects.

The study sample comprised seven female and tee finsttyear students (n=17) enrolled for an entry
level Statistics course. Their ages varied from 19 to 22 years. They voluntarily participated in the study and
gave consent for the use of the data (ethics clearance number EQONIT35). The study tooklace du-
ing the week sequencing thedlass presentation of the corresponding Statistics coietith and Nielsen
(1990) point outthat the results of usability evaluation improve when several evaluators, independently of
one another, participate in the evaluatidypical usability evaluations, in the context of serious games,
comprise between ten to twenty evaluatdlielsen and Molich 1990)

For the eyetracking evaluation, tis&nsoMotoric InstrumerRED50 was usetb monitor participarsb
eye movementsvhile they playedthe game. Theemote eyetrackingavice RED) system is a d& pupil
system using the pupil @orneal reflex method. It has a sampliatg of 58z, and calculates the pupil ges
tion, pupil size and relative head movement. Minimum fixation duration was set as 80ms, with 100px as
maximum dspersion. All participants were tested individually. Tiaeticipantsvere seated comfortably in a
sufficiently illuminated room, on a stable chair at a distance of 700mm from the stimulus screen. As soon as
participants were seated, tekectroencephalagm (EEG) was placed on their heads and checked for valid
signal and data recording before starting with the experi(mentio not report on EEG data in this paper)

The participants had three opportunities to play the game anditjeiscores wereaptured for compar
son. We captuckthe eyetrackingdata on different areas of interest (AQIs) in terms of fixation counts, dwell
time, fixation duration and average length of fixation (Table 1).
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Tablel. Definitions of Eyetracking Measuresused in ths Sudy

Measures Description

Dwell time (ms) Total time spent within an AOlI, i.e. on thaskets

Fixation count Total number of fixations in an AOI which indica
the degree of importance of the elemeang. the title
bar

Fixation duration (ms) Fixation duration is often used as a metric reflect
difficulty of information extraction in the AOIs, i.e
ontheel ectricity bills in

Average length of fixation (ms) Measureshe average duration of fixations on &sp
cific AOI andis calculated by dividing the average
fixation duration for an AOI by the average fixatior
count on that AOI

* Adapted fromLai et al.(2013)

The individual focusedhterviews with the research participants took place directly after the eyetracking
measurements and completion of the game. The research participants answered eight questions. According to
the guidelines oNielsen and Molich (1990) qguesti ons should be simple an
understanding. They were: flow challenging was the game to plafit) What did you learn from playing
the game?(iii) How would you describe the game to other®? Would you like to own the gamg®)

What was the story of the gamg¥®i) Werethe instructions clear on how to play the game#) What
changes would you make to the garme®d (viii) Which gamesalyou reularly play?The interviews were
recorded, transcribed verbati m, a Radsistedsguaiitgfiveedata t o
analysis system) as an integrated dataset for qualitative analysis accordin@t®ifeg2002)method of
constantcomparisorwhere all codes and utterance are compared with one another. The usability analysis
resulted in five categories, twelve codes, 183 guotations (groundddiessiumber of times utterances
relate to a specific code) (Table 2).

Table 2.List of usability Categories,Codes and their Groundedness

Category Code Groundedness

User interface evaluation outcomes Desire to own the game 21
Familiarity of gameplay 21

Game ballenge 42
Game progression 6

Game instructions Gameinstructions 21
Expectations of 3D graphics Expectations of 3D graphics 3
Game context Identification of the relating baske 3
Game context 31
Gamechallenge andime pressures Game controller proficiency 7
Game mechanic mastery 8
Game rewarainechanic 2

Time pressure 18

Total: 183

4 Eyetracking Results and Discussion

The user interface evaluation through eyetracking measurements comprised fixation count, dwell time and
fixation duration, and the calculati@f the average length of fixatision six different AOIs (sample size,
baskets, electricity bills, final score baskets, high scores and title baa)l finree times the participants
played the game. The averages of the seventeen particgrahtbe three repeats were calculated (Taple
Table 4 gives the number of times a participant did not look at a specific area of interest, which gave us an
indication of what they perceived as important to progress through the game.

42



Table 3 Eyetracking Data According to Grouped Areas of Interest (n=17)
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Sample size 2.3 1775 1835 797.7 117 30176 31198
Baskets 15.1 16670 17030 1127.8 769 283390 289510
Electricity bills 8.6 9146 9435 1097.1 437 155481 160390
Final score baskets 4.7 4272 4241 902.3 242 72629 72090
High scores 4.2 3678 3773 898.3 216 62523 64148
Title bar 2.1 1592 1699 809.0 106 27056 28882

*  Fixation duration divided by thiéation count

Table 4 Number of TimesParticipants did not Visit the AOI

Total Number of Participants Average Participant Percentage of
Area of interest (AOT) . not Viewing AOI (per  Participants Skipping
not Viewing AOI (3 tmms) _
turn) AOI
Sample size 12 4.0 23.5%
Baskets 5 1.7 10.0%
Electricity bills 1 0.3 1.8%
Final score baskets 4 1.3 7.6%
High scores 12 4.0 23.5%
Title bar 24 8.0 47.0%

The analysis of the eyetracking dédaused on six AOLs(i) sample sizearea: indicating the number of
electricity bills the participants managed to select for placing in corresponding b#éiskéie basket area
the physical aspects of the basketsvhich corresponding electricity bills should be plac@d electricity
bills: the randomly generated bills representing the electricity use of students livingampus residences
with special references font size on the collection baskets; (final score baskets displaying the final
baskets as frequencies of the collected samflghjgh scorearea: the total score the player achievead-du
ing gameplay; andvi) title bar area: the top area of the screen providing information on sancplé=sted,
high score antime left for the roundWe also looked at the number of participants who did not vievea sp
cific AOL. This was used to determine which AOIs required consideration in future versions of the game, and
also provided us with information avhat the participants deemed necessary for them to complete the task.

Discussion of Eyetracking Results

Data recorded by the eye tracker were used to analyze the viewing patterns of the participants and also to
provide information on the perceived immpance of the various AOIs that were identified, as well as the
number of participants who did not view a specific AOI.

Sampling Electricity Bills and Placing them in Corresponding Baskets

Participants collected, at most, 7 electricity bills (M = 3.7, STDO) in the allotted sixty seconds given
per turn of playing the game. This seems to indicate that the task was either more difficult for them to co
plete than they thoughty that the experimental environment (such as the added effect of havingytir e
recorded by the eye tracking equipment) had a negative effect on them, or both. The participants also spent
the least amount of time gazing at the sample sizé ame@ntent component of the gadnehen compared
to the other AOIs. The sample size area b0 the second most skipped AOI (along withhigd score
areg, with almost 25% of the participants not looking even once at the sample size area, which may be an
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indication that this area was not important to the participants. On average, eaépapargjazed only 2.3

times at the sample size area, with an average dwell time of 1775ms, and an average fixation length of
797.7ms. These fixation durations may indicate that the participants might have struggled to find meaning
from the information as #se durations are unusually long (average fixation duration should be between 333
500ms).

Heat maps (Figure 5) indicated that some participants grappled to identify the matching basket to place the
electricity bills as thie gaze shifted across various keis before making a decision. During the interviews
participantsmentioned that the font size time baskeswast o o s mal | for easy readi
my eyes and see i f the val ue iThisrbay hasevalscocontributedtb a b «
the difficulty of completing the task he average fixation count (15.1), the average dwell time (16670ms)
and the average fixation duration (17030) for the baskets, were the highesfor all the measured AOIs
(Table3). The long dwell time is an indication that the baskets were deemed valuable sources of information
and weramportart to complete the tasldnother conclusiomay be that the participants grappled withcpla
ing the electricity bills in the correct bas&eHowever, tirther investigation is needed here.

Hello! Here is my
electricity bill for the
month.

Figure 5 Heat Map Indicating a Participant @&sarching for the Matching Basket

The viewing of the electricity bills had the second highest values of an average fixation count (B.6), ave
age dwell timg9146ms), and average fixation duration (9435ms) for looking at the electricity bills. Because
the bill and its placement (along with the baskets), is of immense importance in continuation of the game and
also forgetting a high score, itis notunusualat t he partici pantodés focus wa
areas. Although the averadwell time was lower than for the baskets, it does not mean that the bills were
less important, as the basket area contained more focus areas (6 baskets) awweisl@alon two separate
screens (Figures 1 and 2). The electricity bill area was also the least skipped area (0.3 times): almost 8% less
per participant than the baskets, which further h

On average, the pariants spent less time gazing (dwell time) at the final score baskets (that indicated
whether the bills were placed in the wrong basket) (Figure 3), than at the previous area (electricity bills), but
more than at the sample size area, with values for gedigation count at 4.7; the average dwell time at
4272ms; the average fixation duration at 4241ms; and the average length of fixation at 9D@e3ms&
ues also include thicks and crossdabat appeaabove thdinal scorebaskets after the colleoti of electrt-
ity bills (Figure 3) The low values for the final score basket area show that the participants are indeed inte
ested in what they got wrong or right. It could, however, be that the focus was more on thedickssses
above the basketsah on the baskets themselves, but this will be determined at a later stage.

Game High Scores

Table 3 provides a summary of the average eyetracking measures, for all three attempts, on the high scores
(Figure 3) which thegparticipantsachieved during gameplay. On average, the participants gazed 4.2 times at
their high scores, dwelled there for 3678ms; the total fixation duration comprised 3773ms and their average
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length of fixation was 898.3ms. Figure 6 indicates that only five paatitspimproved ottheir high scores
duringsubsequent attempts of gameplay (interval 12800)

Figure 6. Frequencies of the High Scores th#&7 Participants Achieved
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The high scores (which were indicated by both numbers and stars) also contridbieeérioouragement

of the participants to do better in the next attemftpartidpant commented on his progress il f i r st
maybe one star, then the second game moved to two
Title Bar

From all the AQIs, the title bar showed the lowest vafoesiverage fixation count (2.1/participant/turn),
average dwell time (1592ms) and average fixation duration (1699ms). The average length of the fixations on
the title bar was 809m@able 3).Although this is the traditional area of placing navigatiorsgleats, they
did not receive the attention they required in order to enhance gamé&p&ainformation presented was not
deemed necessary to progress in the gaémparticipant commented on the placing of the time remaining to
pl ay the ganoeef: tiAiNoda ilfdafctatmwsnt be cl earer o (Figure

Because the average person mdkasto threefixations persecond (almost 1 every 333ms), the fixations
on all the areas of interest measured terunusually long, and may be an indicationt tthee task wasié
ficult, which then also contributed to the low scores they achi@iaedlay andGilchrist 2003)

Discussion of User Interfaceevaluation Findings

We groupedhe twelve usability codes(Table 2) as thetopics of (i)user interface evaluation outcomes;
(i) game instructions; (iiipxpectations of 3D graphicgiv) gamecontext and(v) gamechallenge andime
pressures.

User Interface Evaluation Outcomes

From our observations made durithg eyetracking experiment, we noticed that some participants clicked
on the residenchbuildings, rather than on the-lipp windows During theexperimentthe students were also
obligedto playthe gameon apersonalcomputerwith a mouse as game controller, instead of on a tablet.
They lost valuable playtime while experientially finding the right place to click, instead of just tapping on the
lit-up windows.They found this game mechanic difficult as therre not familiar withit. All the partia-
pants made comments on ttleeking of the lit-up windows to collect electricity billsThey grappled with
game controller proficiency, while trying tavigate with the mous& Yo u j ust trdow;tar@d cl i ¢
then it just goes tarother window;when youtry to click on thatside, it goedo thisside 0 Ppanioipants
had neverused a mouse andgty st ruggl ed wit h navousgbdforeamd:it mékes h av
me t o o Altkoughitvmay soundmpossiblethat students enrolled fhigher education are not computer
proficient one has to take intaccount the background of thelskack students from rural schookcross
South Africawhere the use of computers is nedsential. Yet,hese participants belontp the millennial
generation whare comfortable with touch screens and mobile devices

The participants were not regular game players: nine had never played games before; eighilagétb
games, and they mostly played games on their smartphones. However, when asked if they would like to own
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the game, sixteen indicated that they would like to have the game on their smartphones. One panticipant ca
didly indicateda did&wi,cd tdo pmpwtt thhhevegame on. 0 Si X
further mini games would be ready for play and or
not enough! 0 Because a metri c oepeatgaysaftheirevenadcard, s er
this was good news for us to continue with the rest of the game.

Gamelnstructions

The instructions to play the game were only available in the introduction section before the actual play of
the game started. While twelparticipants indicated that the game instruction were clear to them, nine ind
cated difficulties with understanding what they shoulddoidi dnét wunder stand befo
game and then afterone try hat 6 s when 0| A u pndreguestedothe dnstructions to also be
availablethroughout the gameplay. Adding an additional button, linked from each of the mini games screens
to the instructions screen could solve some uncertainties.

Expectations of 3D Gaphics

Three participants expressed their expectations for the inclusion of 3D graphics in thaljzoogh his
is a predictable expectation from the millammigeneratione this point we will not be able taeedeto this
requestWhile there is some evider thatvariousmechanisms and modules camhancestory-driven sei-
ousgamesn terms ofknowledge acquisition and test activities at releyaoints in the storythe rendering
of random 3D graphicsemainsa complex issuavhich requires statef-the-art game engines and huge
budgetarydemandgBellotti et al. 2009) It would be possible to usedhniques, for example parallax strol
ing and prerendering, to counter the resource intensive processes of creating fully 3D worlds which would
give the illusion of a 3D environmefBogdan 2Q4). Bellotti et al. (2009)point out that these gains mainly
relate to testakers familiar to higkend commercial video games. With the requiremeimntigrate the use
of BYOD across teaching and learnjrighecomes difficult task to design for the vast array of mobite d
vices in the pockets of studengd yet augment thgame for Statistics Education with 3D graphitkese
attributesdo not fall within themeansof a small academic serious games liki SGIFSA.

Game Context

During the phase of conceptualization of the game, a previous cohort of students particifrarethin
the context and the story of the game. One of the aims of the game was to support students in their everyday
experiences like electricity bills. Whildaying theSurvive withVuvu in the Vaagame, ae participante-
marked on the screen layout wh&he recognizethe campugplanwith the residences on tiséde,as depit
edinthek ntroductory section: @Al saw a map of the cam
hill and the rived Fromanintegrated dataset we identified 31 utterances which related to their understan
ing of the statistics concepts which they have learnt about in class the previous week. One partigipant su
marized theplot of the first minigamea s : i Ar r eeotigciy bilts betwleen thdasketsbetween the
numbers given and the brackets, and the intervals T hi s, however, does not t e
place while the students played the game.

GameChallengeand Time Pressure

People play games to be challedgThe level of challenge should be individualized for and adjusted to
the competencies of the players. Players should be properly chabeggetes should not be too easy or too
difficult. Game challenge can be maintained when the difficulty of the gaoteases as the playeropr
gresses through the gar(glessi and Trollip 2001)Game challenge was the aspect the participanutst
frequently mentioned (42 utterances). We dividedrth&#erances intdhreegroups:(i) the game was too
easy (22 utterances); (ii) the game challenge was just dghit{erances); and (iii) the game was toolcha
lenging (6 utterances). In general, it seems tagameflow wasappropriately pitched. This was notawo
t h pecats flow tends to have a positive impact end r n (Kihii2@05). A participant shared that the
game fArequires comcentration and attent.i

The game mechanic allowsikty secondgor a participantto pick as many possible electricity accounts
by tapping omrmoving lit-up windows and placing thenin correspondindaskets. In order to cater for the
three sets of observed opinions relatioghe game challenge, we propose three levels of difficulty in terms
of time constraints: (i) hundred seconds for the easy level; (ii) eighty seconds for the second level; and (iii)
sixty seconds for the competent level. With levels to match all stidenssx pect ati ons of <c¢h
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woul d ey @GAod game,dthougiptimapressure ts Hosthefoniynmayoto increase game
challenge. Th&urvive withVuvu in the Vaajame encompassed gameplay aspeaigexterity (fast clicking
of electricity bills) anccognitive aspectfearning of Statistics content)

5 Conclusions and Recommendations

Players should beinaware of the evaluative activities in which theyiawelved to optimally engage with
gameplay(Hall et al. 2013)User interfacevaluationof seriols gamewith eyetracking devices andgabl-
ity interviews cannot be labeled seamjdmsth these measurase obtrusive stheyreduce players into $u
jects. The game evaluati@montextbecomes complex as the evaluation ttademonstrat¢he learningthat
has taken place, as well as determining ifgamewas enjoyable to playAlthough students were involved
in the initial conceptualization of the gantkey did not participate in the design of the first mini gante. A
tempts should be made to utilize bkir expertise during the design of further rgaimes, as they know
what fun entails for them, while the content experts take care of pedagogical 8Spatsson and Wiberg
2006) However, in this case, these ideals could not be attained, and obtrusive eyetracking equipment and in
your-face interviews diministtea natural gameplay environment. Alamjmating gaze to a high quality in
anautomatic manner remains difficLithe @pturingof eye movements alormiiring freeviewing situations
remainsideal, butchallenging(Renshaw et al. 2009)n spite of thesanethodological dficulties, it was
remarkable thatve could attain such valuabléindings from the small number of research participants
(n=17)(Nielsen and Molich 1990yhich could be used tonprove theSurvive with the Vuvu in the Vaal
game

We list the following conclusions and recommendations for future developmeid sétious game:

1 Adding abutton linked to thgameinstructiors.

9 Obtaining eyetracking equipment for mobile devices.

1 Reallocating the indication of time left to play the game from the top right of the screen to a more
prominent area.

1 Changing the font size on the baskets which capture the electricity bills for dasigfidation of
corresponding baskets.

1 Creating a gaming club ezampus for novice students to become familiar with games and other
digital multi-media learning.

1 Creating more mingames before the next round of evaluation.

9 Planning for the evaluation té¢arning in following evaluations.

An aspect which we did not anticipate was the extent to which our research participareambeaced
mobile devicesand the way they expexito interact with screens. We will have to align evaluatioh-tec
niques to thexpectations of the millennium generation students and their preferences.
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