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Abstract

Gamification is the strategy of using game elements and-gasign mechanics in
nongaming contexts. Many companies have gamified their online applications to increase
customersd motivation and e n gatigakfacterrhat. l ncreas
influences learning performance in online settjigsvever, the question of how to retain newly
gained motivation and transfer it into learning efforts is still a challenge in educational
technology. This study investigatdte ways lhatsocial interactions can be used to facilitate
S t u d e nregsldted s@ming in online education. The fundamental hypothesis underlying this
research is that an integrative model of social gamification and multimedia instruction will
promote studest 6 -diseiplife during the online learning process, which in turn assures a
better learning performance within online education. This study has designed and developed a
socially gamified animation to examine whether social gamification can increasetikiation
and engagement of students améhcilitates t u d leamning dj polar science knowledge in an
online learning environment.

This study employed a betwesuabject design as an experimental design method to
investigate the effect of the proposstially gamified animation. In general, findings indicated
that social gamification could i mprove studen
increased cognitive engagement during the learning process has a positive impact on their
learning perfomance Discriminantanalyseshoweverdid not support significant differences in
cognitive engagement between students who learned with socially gamified animations and those
students who did not. It is unclear whether the implementation of social gaimnoifi could
promote higher level of motivation and cognitive engagement and whether this motivation and

cognitive engagement subsequently results in advanced learning performance in online settings.



These findings have implications for understanding tbévwational and instructional effect of
social gamificationn online learning. In addition, the design and development of the socially
gamified animation investigated in this study provides an example of bridging the-theory

practice gap in gamification @inline education.
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Chapter 1: Intro duction
Context of Study

The development of information technology (IT) with the capability of processing,
displaying, and sharing information instantly ladfectedt oday 6s | earning and t
& Gabbard, 1998; Pituch & Lee, 2006; Schwan & Rien004; Webster & Hackley, 1997).
Technologymediated distance learninfgy example, facilitates information sharing and helps
educational organizations overcome the limitations of time and space in knowledge
dissemination (Allen & Seaman, 2011; Currarriget, 2005; Pituch & Lee, 2006; Sun, Tsai,

Finger, Chen, & Yeh, 2008; Webster & Hackley, 1997). If educational organizations cannot

provide frequent services and trainings, online course materials and activities can accomplish the
goak of compensatingdr insufficient onsite training opportunities and ensuring the quality of

these services. In addition, this technology trend contributes to new types of mezhatét
experiences to enhance studentso | eleaming ng per
experienceclude using animation with interactive features that allow learners to interactively
process the presented information émdttain more lucid understandings of the content

(Schwan & Riempp, 2004).

Given the ubiquitous possibility feharing of content and delivering knowledge in an
engaging way, more educational organizations exhibit an increased willingness to implement
eLearning to improve theprogramgAllen & Seaman, 2011; Sun et al., 2008)r example,
because oiimited time and resources, the Center for Remote Sensing of Ice Sheet (CReSIS) at
the University of Kansa@U) cannot offer widespread support to enable all participants from
various backgrounds to participate in its outreach programs. In order to allow thosetanabl

access the programs to work with the learning materials witiemgraphicaandtime



constraintsCReSIS has developed and published various techralegyated applications on
its websitewith no costto the userto widely disseminate the learningntent to the public.
The interactive animation call€slaciers in Motionis one of the digital applications that
CReSIS developed to provide more students with opportunities to accespiblii scientific
learning materials. This interactive animatiwas designed to teach students basic knowledge of
glaciers, including knowledge of how glaciers are formed, as well as how glaciers moye, flow
and are distributed throughout polar climate zones. The development of its interface, graphics,
andinteracin s wer e based upon Mayer6és cognitive the
2005a) to reduce | earnersdé6 mental efforts res
animation. Learners carsethese freed cognitive resources in the process ofjneziag the
learning content in the animation to constructing new knowledge (Betrancourt, 2005; Clark &
Mayer, 2011; Mayer, 2005a; Mayer & Moreno, 2003; Moreno & Mayer, 1999).
Since its design is based on the relevant multimedia learning principles e@lidat
previous research studies, the implementation of such an animation was expected to improve
studentsod content knowl edge bTheeslucgiondgeama t hem
CReSIS howeverconducted a betweesubject desigat West MiddleSchool in Lawrence,
Kansast o eval uate middle school studentsdo | earni
instructional methods the use of the animation, lectugeided instructionand a mixed
instructional approacbomprisinga ni mat i o n astruttion Thaimtialeesuisd i n
indicated that the use of animation alone, in comparison to lecture and the use of both lecture and
ani mation, has | ess impact on developing stud
The preliminary findings 'm the assessment suggested that the current settings of the

animation did not meet the original goafsengagng students and then imprnog their content



knowledge of basic polar science. According to the resedscbleservations, one possible, and
pethaps the most likely, reasdor this discrepancy relates to motivational orientation. Students
who engaged with these wdlased computer animations without access to tedetier
instruction easily lost interest in learning concepts over time-inedivaied students would not
be able to sustain their attention toward learning content for a long period of time, which may
have resulted in poor academic performances. The results reflected a primary concern of
successful eLearnin@tudents need more discipéirio succee@Allen & Seaman, 2013)
Accordingly, it isessentiato redesign the animation that can assist studdtitsstayng on task
andwith actively participaing in the learning tasks. This study, based on-Beliermination
Theory (SDT) (Ryan, &Deci, 2000 and the concepts of social gamification, proposed
implementing game elements such as reward mechanism and social interactions into CReSIS
animation. This study held the position that implementing these game elements within the
eLearning applidai on woul d support studentso6é6 motivatio
discipline, which is essential for students to succeed in online education. The competition and
collaboration involved in this gar®ased learning experience can motivate studentsto us
various cognitive strategies to win rewards individually or collaboratively. Theisptht of
competition as well as a spirit of collaboration creareengaging learning environmemt
which students actively participate in learning activities tethe content and construct new
knowledge.

Another objective of this research is expigrthe means in which integrating social
interaction in gamification can improve the effect of multimediasttmyl online education.
Group interaction is stresses another important factaresulting in a successful online learning

environmen{Mclnnerney & Roberts, 2004The structured and systematic interaction in



eLearning will enhance group awarenegsich assiss students interactg with learning
materialsand class activates in a critical and reflective maforeronstrucing knowledge
(Garrison & Clevelandnnes, 2005)In order to achieve desired research goals as well as to
validate anc&employsociocultural factors in online learning environments, pinggect integrated
the theories that focused on comptgepported collaborative learning, includiAgtivity
Theory(AT), and other contexdriven models. Therefore, the development of the gamified
animationintegrated social functionsuchas theonlinechat roomto verify the effect of
students6 social contexts in the processes of
addition, peer and humaromputer interactions were examined émdee whether, and/or to
what extentsociocultural effecalsohaean i mpact on studentsd motiv
engagementvhich result in improved learning achievements. The outcome of this research can
contribute to subsequent research on instructional effectiveness of social gamification in distance
educaibn and provide frameworks capableaofdressingl y nami ¢ f eatures of st
interactions inhie online learning environment

Issues of CReSI8 enline animation. This research preliminarily investigated which
obstacles deter the effectiveness of theS8IS animation. This online animation was designed
to support CReSIS outreach programs in teaching basic knowledge of glaciers for students in
kindergarten through the eighth grade. l'ts de
multimedia learning prinples to reduce the cognitive load while the students engaged with the
animation to construct new knowledge. Freed cognitive resources were expected to be exhausted
within learning attempts, which increase germane cognitive processes, a series of noetgtal eff
in the learning process (Mayer & Moreno, 2003). Although the animation, integrating a user

friendly interface, could provide an efficient way for users to receive the learning context



(Oviatt, Coulston, & Lunsford, 2004), the improved usability didguarantee an increase in
userso6 | earning efforts to achieve a high | ev

One way to sustain studentsdé attentions on
strategi es t o g uwadleritidaléatures ef the dontexttamolassigt themnn t o
controlling their learning pacéde Jong & van Joolingen, 1998; Renkl, 2005; Roy & Chi, 2005).
Nevertheless, these strategies to be implemented in online learning environments still require
learrers to exert a substantial amount of gi#icipline to focus on learning contents. Namely,
using online animation similar to other online learning tools strongly reliesagpom d i vi dual 0 s
determination and sefegulation to develop the critical andlesitive thinking to fully
understand the concepts of each leggdlen & Seaman, 2007; Kerka, 199@)ny external
influence and interference may gigely affect seHdiscipline.

Self-determination and motivation. The current animation failed to adecqglgtassist
students in deeply engaging in the learning activities, which originally aimed for the result of
authentic learning through personally meaningful practice within these subject areas to construct
knowledge(Montessori, 1964; Piaget, 201%tudet s 6 moti vati on toward th
the prerequisite psychological condition to achieve this deep legfBewy 2003)Motivation
grounded in cognitivisaomes intwo broad categoriegtrinsic andextrinsicmotivation(Ryan
& Deci, 2000a) Intrinsic motivation, unlike extrinsic motivation driven by external influences,
exists within the individual and motivates a
inherent to the task itsglRyan & Deci, 2000a)The current CReSIS animation seeimsrigger
only | earners6 extrinsic motivation by visual
engaging format. For example, the implementation of vividly dynamic graphics to represent the

way that glaciers move in tfaimation attempts to motivalearners to sustain their attentions



toward the learning conte(Alessi & Trollip, 2001) The initial evaluation, however, suggested
that this method did not assist students in internalizing their interests, so students failed to exhibit
intrinsic motivadion toward learning contemor did studentdemonstrate improved learning
performances within the evaluation tests.

In addition, SDT indicates that the lower level of intrinsic motivation for learaing
subject is insufficient and will quickly disappg®eci, Vallerand, Pelletier, & Ryan, 1991; Ryan
& Deci, 2000b) This type of intrinsic motivation fulfills only basic academic needs for
remembering and understanding the learning content but does not tie to more immediate and
concrete objectives for stants to review and apply the newly gained knowledge to meet
individual needs (Bloom, 1969). Therefore, it cannot assist stuthergsainng in the same
active learning condition for a long period of time. In that situation, learners can still easily los
interest and subsequently lose attentoncerningearning tasks in the animation. This high
level of intrinsic motivation addressed in SDT should fulfill three inherent psychological needs:
the need for developing competence, the need for relate@nelsthe need for autononiigyan
& Deci, 2000b) Therefore, the animation needs to be improved to meeafdhementioned
psychological needsind then this instructional tool will be able to promote such an autonomous
motivation toward achievementwithint udent s®é | earni ng processes.

According to SDT, the implementation of external regulations such as certain reward
structures could increase studéaisntent awareness to facilitate their internalization of the
learning value gained from learning interestsociated with engagement in animatielated
tasks(Ryan & Deci, 2000b)Moreover, this external reward system should also meet the three
core psychological needs to promote intrinsic motivation: supporting the knowledge and the

competence expectediboe | earned i n the animation, encomp:



generate relatedness with others, and also allowing students to initiate and regulate their own
learning behavior to promote autonomous learning. Thus, this research proposed usthg rewar
structures with social networking functions in the animation as external regulations to provide
learners optimal gaming experiencesich yield engaging experiences (Lazzaro, 2009). This
research holds the position that these engaging experiencesidasimehese reward structures
will in turn assist learnerng sustaimng intrinsic interest in the learning activities. With the
implementation of sociocultural factors and gaming experiences to win rewards in this
animation, the autonomous forms of matien within students will be strengthened through
accommodating three inherent psychological needs in the learning process: competence,
relatedness, and autonomy (Deci et al., 1991).

Games as dearning medium. A great deal of research has shown the maikof
gaming as an instructional met hod to i mprove
problemsolving, active participation, and situated learning (J. Dewey, 1938; Gee, 2005; Piaget,
1962; Prensky, 2007; Vygotsky, 1978). In addition toitinerent motivational effect of gaming,
Prensky (2003) also mentioned that the social interactions exhibited during game play, from the
perspective of soci al constructivism, could f

With the development of technology, gesnare more often taking digital forms, so the
strengths of gambased learning need to be transferred and applied into digital formats. In
particular, playing video games has become popular nowadays among various populations across
gender and age demoghags (Entertainment Software Association, 2015). It seems necessary to
identify practical means of integrating gaim&sed learning theories into digital games.

Video games represent a major source of entertainment for both children and adolescents.

A national survey conducted by the Entertainment Software Association in 2015 indicates that



more than half of Americans play vidgames (Entertainment Software Association, 2015). The
familiarity and popularity of the new generation of stud@hyingvideo ganes also encourages
educators to implement digital games as a medium forgpmes ed | earni ng ¢t o
learning achievements (Prensky, 2003).

The limitations of digital game-based learning (DGBL) Although digital games have
the potential to mivate contemporary students in learning processes, the implementation of
digital gamebased learning (DGBL) in conventional classroom settings is still difficult

(Kirriemuir & McFarlane, 2004; Prensky, 2007). One of the reasons is the scarcity of engaging

video games for teachers to use in the classroom (Prensky, 2007). Because of the high cost and

technical expertise necessary to produce-iglity educational video games, teachers and

educational institutions instead have to use existing commercitdesghelf (COTS) video

games or fAserious gameso, which are designed

pedagogical needs (Kim, Park, & Baek, 2009; Van Eck, 2006). Using existing commercial or

educational games, however, cannot completely theateeds of existing curricula. For

exampl e, CReSIS6s online interactiv-en ani mat.

activities. It is difficult to use an existing video game that can perfectly meet the educational

needs of the original curriculurithus, this research attempts to use more flexible ways of

applying game mechanics and game dynamics, such as reward structures and social interactions,

to gamify an existing animation.

The gameplay behaviors and preferences among boys andeginidedifferent (Kinzie
& Joseph, 2008)hereforegender differencesan pose @otherproblemregarding the
implementation of digital gansento educational settings. These gender differencekl affect

the psychological effects of video games (Papastergid9)Zbhe way in whichto apply

mp
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DGBL in a flexible way to fulfill various needs among boys and girls is a challenging question
for the researdrsin this field to address.

Gamification. Gamification is a new concept that refers to applying game mechanics
nongame applications (Deterding, Dixon, Khaled, & Nacke, 2011; Deterding, Sicart, Nacke,
O6Hara, & Dixon, 2011; Johnson et al., 2013).
marketing, gamification has been employed successfully by a number ibé mypblications and
social media companies to increase userso eng
(Johnson et al., 2013). Its motivational effect can be useful in a variety of other fields and
applications. The use of gamification in educationmassibly increase positive emotions by
applying various forms of game mechanisms 1in
(Kapp, 2013). For example, the reward and reputation systems, such as point gairp level
avatars, and leader boards, canimprovl ear ner s6 extrinsic motivat.i
meaningful learning process (Kapp, 2013).

With the flexible use of game elements into instructional settings, educators could

customize the | esson acti vit emogaplcs, snelwlinggahe st ud
potential gender differences related to the g
By doingsoDGBLc an be used to more effectively impro

regardl ess of s toiingeffedtie @nd ghetivatdoeal instrustipnalemetpods.

The initial step of this research is to utilize the educational potentials of gamification by
adding reward and reputation systems as appropriate reinforcements for embedded values of
learning motiations into current animation (Stipek, 1993). Furthermore, implementing social
communications in reward and reputation systems facilitates social interactions that promote the

development of individual valuation of learning content among learners to enthase
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| ear ner s0 i ntseelablel). Givemilzeseigaméfitation procé€sses, educators can be
afforded more flexibility in applying the concepts@&BL into an instructional application to

allow it to serve as a valiteachinglearning tool.

Tablel

TheDesign of Sociaiamification in aWeb-BasedAnimation

Gamification Strategy Different Types of Motivation
Reward andeputationsystems Extrinsic motivation
Socialcommunicativefunctions (eg., chat room) Intrinsic motivation

Social Gamification

Besides improving motivation, the social gamification in this research attempts to resolve
another common problethatexists in most distance educational applications: the lack of
interaction betwen the learner and the teactar well ammong learners (Moore & Kearsley,
2011).To minimize these drawbacks, this research, based on social constructivist perspectives,
suggestshatapplying group rewasin the animation could motivate students trkvtogether
(Yueh & Alessi, 1988). Thus, the design of gamification in the animation, in addition to
integrating the reward structures of games, also integrated-sbeiahg functions that allow
students to communicate with others during gaming proses$hes social interaction
compensates for the lack of interactions with teachers and among peers in distance education
and consequently, can engage students in the learning materials to improve their learning

performances (Moore, 1989).
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This research wiimplement leaddroards and other incentives to motivate students,
while also providinganonline chat room function to create an engaging learning environment.
With the implementation dheonline chat room, students could interact with others via
conwersations to exchange their thoughts in their learning processes.

The entire system was designedAlly and computesupported collaborative work
(CSCW) models to verify the importance of environmental affordances correlated to
cooperativework arrangemernin online settings. Peer and hurheomputer interactions through
the social activities in the gamified animation will be examined &itiddeterminewhether, or to
what extent, sociocultural effect hatsonan i mpa
the resultcouldpropose a framework of social gamification for instructional designers to bridge
the theorypractice gap in gamification of distance educatitable2 summarized the

implemented game elements in this sttmsocially gamify the animation.

Table2

Gamified Features Used in the Study

GameMechanics

Reward and Reputation Systems
1 Leaderboard,score pointsprizes, andevel ups
SocialFunction

 Online chat room

Statement of Prodems
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To provide better educational services for the public, the CReSIS education team has
developed an online digital interactive animation for distance education to promote content
acquisition ando engage more teachers and students in the CReSIS dupregcams. The
design of the animation is based on mul ti medi
cognitive |l oads. The design of visual represe
content however, the previous assessmenhefanimation indicates that it cannot improve
studentsodé6 content knowledge of glacier,s in co
which include both animation and teachersod in

Based on CReSIS resear chegtsiod eretpod tBQ 0 rona&c e
performances might be studentsdé | ack of will.i
reduce us er swhickiotgrmpiotidedviearndrsaamm for critical and reflective
thinking related to learning content. If sards can se the freed cognitive abilities to expend
additional effort on constructing new knowledge, they may be able to demonstrate higher levels
of academic performancé&he useifriendly animatiornby itself, howevercannot guarantee the
freed cognitie capacityneededn learning attempts.

The expected learning effort heavily relies on studesgi-regulation. Motivation is one
of the psychological requisites of active participation in online learfiogmprove CReSIS
animation regarding the imprevme nt on studentsdé motivations ar
on contemporary studentsodo attitudes and behayv
growing up with technology are different fraime peoplethatour educational system was
designed to t&ch (Prensky, 2007). DGBL provides the same digital language that this new
generation of students uses to communicate with the wandever, the cost of technical

sophistication hinders the development of DGBL in pedagogical settings. Another concern
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related to DGBL would bdetermininghow to fulfill different needs of gaming practices and
preferences between boys and girls to ensure DGBL s@sulie same instructional effect for
both genders.

Gamification, a new trend in the video game industry etéymg both the motivational
power of games and the active behavioral mechanisms in play, has the potential to provide
feasible ways of applying DGBL into current curriculum design. Educators can gamify learning
content and activities to motivate studerthis modification can also satisfy studént ne e d s
across genders. Once the gaming process motivates studentsdbewill be knowinghow to
sustain this motivation artd thentransform it into learning attempts.

Grounded irSDT and previous eLeaing research, the affordances of personal and
social interactions that boost | earning effor
motivations. Since these social interactions lie at the heart of forming a constrletiunghg
environment in tstance education, a key question aris&sy could the possible use of
gamification improve social interactions and feedback, which are scarce in distance learning
situations, to improve learning performances?

To answer tht previous question, this resebrproposed adding social functions into
reward systems to gamify the animation in which peer interactions can assist students
transfering their motivations to active learningowever, social gamification srelatively new
concept in education, whesn there is a gap between research and practice. Thus, this research
integratedAT andCSCWdevelopdnto the social gamification of an existing online animation
to bridge the theorpractice gap in educational gamification. The outcome also could pravide

practical application of social gamification in promoting KU CReSIS outreach programs.
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Significance of Study

Hypothesis This research formulatdés/pothesidased on the findings of the previous
study that evaluated the effectiveness of a-bbedan mat i on on mi ddl e schoo
learning performance. The fundamental hypothesis underlying this researctprsathiatl
application of social gamification in an online educational settitigaly to enhance student
intrinsic motivations and engagents which would inturni mpr ove studentso | ez
performances

Researchquestions To verify the hypothesis, this study first attempts to examine the
effect of soci al gami fication in studentso | e
betweers t u d e Rdnd postgsirs@res under three instructional methods: online animation
(control group), gamified animation, and socially gamified animation. The fallpguestion
further examines whether t hi shighdrlewlsafcrijcale!l ds g
thinking and knowledge construction or on their rote memorization of the content.

The second part of the study attempts to address the psychological effect of social
gamification n online learning environments.dxamined studéns 6 e mot i onal st at u
three instructional methods to verify whether the use of social gamification could better promote
studentsod positive emotions in their | earning

The final study anal yzed t hegicalstdtusegssandns hi p
learning performances based on instructional methods. The analysis of this study could assist
researcherg determimnmgwh et her studentsdé emotional <change:
related to their learning outcomes. The followingsireresearch questions that needed to be

answered in this study.
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Is there a significant difference in gain scores from pretestteipess t r el ati ng t o
gender based on three different instructional methods: animation, gamified animation and

sodally gamified animation?

Is there a significant difference in gain scores between test question items relating to

retention and test question items relating to trarefet relateso the three different

gamified instructions?

. Canthesurveyusediht s study predict studentsd motiva
Il s there a significant difference between st
based on three different gamified instructions?

|l s there any r el at i on sdalistatuseseir termseohmotvatiaondaedn t s 0
cognitive engagement, and their test scores?

|l s there a significant difference related to
statuses, in terms of motivation and cognitive engagement, and learnioignzertes based

on the three different gamified instructions?

Limitations of the Research

While this study attempts to identify atwlverify the effectiveness of using social

gamification as a method in developing eLearning tools, some constraintssaitalgpo

influences need to be highlighted to ensure the quality and significance of the research results.

The limits of developing the social gamified system
M The selection of multimedia tools is limited to the animatsanthe effects of social

gamificaton may not be able toe appliedto other types of multimedia tools.
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Because ofhe complexity and time requirements involved in designing and
developing gamification, this research usely social and reward functions from

game mechanisms as the in&mtion. Other game elements, such as personal identity
in avirtual world, also need to be examined to strengthen the validity of gamification

in distance education.

The limits of experimental design

1

The student participants in this study were limits@mingfrom Lawrence Kansas,
andthegreater Kansas City area. Their similar backgrounds may affect generalizing
the results to different areas. Subsequent research will need to recruit more
participants from different areas or even different countries.

Research design was constrained by the schedule of the schools or organizations.
Limited experimental time forces participants to complete multiple faskshort
period of time, which may affect the reliability and validity of the results.

The number bparticipants was difficult to control. Although this study was
supported by CReSIS at KU, the education program at KU CReSIS coopmibted
with asmall number of schools and organizations in LawremcE opeka Kansas,
andthegreater Kansas City arela addition, the experimental studies lasted only
about3 months. The short periddr experiments anthe small number of school

participants limiedthe sample size for this study
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Chapter 2: Literature Review

Educational Outreach

The nat i omeédsorgualiftedsciengsts is increasing, but the supply is
insufficient.Recent reports concerning higher education indicate that the attrition rates for
college or associate degree students in science, technology, engineering, and mathematics
(STEM) fields were, respectively8% and 69% in 2009 (Chen & Soldner, 2013)e U.S.
government has noticed that higher attrition rates of sciexlaged majors in college will result
in a scarcity of scientists and thus affect the ability of the country tatanaits competitive
position in the world. As a result, the government has invested time and effort improving
students6 knowledge and skills related to
gualified scientists and engineers (Holdren, Lanflerarmus, 2010jiangen & Dekkers, 2005

In response to the decline of sciemetated professionals, the education system has
assisted the development of scientific knowledge for stud&aterding to a report conducted
by the U.S. Department of Educati efforts made over the last several yeasciance
achievement indicate that fourth graders are improving and becoming more comjpetitive

comparison to other countriegBrpovasnik et al., 20)2however, this academic achievement in

science is unevenldistributed. Students in some areas of the United States outperform students

from other areas in this country in regard to their science capaStigtents in affluent areas,
whereschools can provide better instructional materials and services,ingloks,
computers, technological support, and supplies, usually demoristttde academic
performance in scienaelated fields (Mullis, Martin, Foy, & Arora, 2012).

Widespread support for higfiuality science instruction will be necessary to creqtake

opportunity education for a diversity of students (Warren, Ballenger, Ogonowski, Rosebery, &

STE
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HudicourtBarnes, 2001). Thus, in addition to supporting conventional science education, the
government also encourages professional scientists to get idvnlgeience outreach
interventions, which provide students with learning opportunities to improve their science
related knowledge and skill development (Nature Publishing Group, 2009).
An increase in the number of reseal&sed science centers and orgatons involved
in educational outreach program effag®ccurring(Rosendhal, Sakimoto, Pertzborn, &
Cooper, 2004). The CReSISKIU is a science and technology center funded and established by
the National Science Foundation in 208kl CReSIShasbea involved in efforts to improve
public scientific knowledge regarding polar scieridee education teamt CReSISntegrates
the centerods scientifi c desigmidgamsaies ofinquidyasedo e da go g
activities, faceto-face presemttions, workshops, and eLearning materials such as multimedia
instructions, online games, and eBooks to promote teaching and learning related to polar science.
These outreach programs improve knowledge delivery and provide materials and tools
for teachergo facilitate their teachings in schools (Nature Publishing Group, 2008gver,
because athe limited time and resources, most censeich a<CReSIS cannot provide frequent
visits and trainings to expand the effect of these outreach programs (Jiegr&an, 2011).
Therefore, the education team at CReSIS strives to use online resources as supplemental tools to
provide better services in the wide delivery of comprehensive science knowledge for students
while encouraging more teachers to integrateetimesterials and activities into their curricula.
According to national reportepwever,only a small percentage of teachers have taken
advantage oand incorporatednline resources into their teachings (Nature Publishing Group,
2009). Teachers are unfdmar with these digital tools and question their effectiveness. Most

teachers still prefer esite, faceto-face presentations given by scientists or representatives of the
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center as a way of introducing science in their classrooms (Nature Publishing &068). In

order to efficiently use the centerds resourc

in theircurricula, this research provides teachers evidence with regard to the efficacy of using
elLearning tools to improve science educatioraddition, the national repaggardingstudent
achievement in science indicates tinggproving middle school studeidiscience achievemesis

a relatively difficult taskbecausdongitudinal studies of math and science achievement often
show little ingease in student achievement on test scores despite various efforts of schools. In
addition, this relatively low level of math and science achievement &iufhte-grade level

could be an indicator of a low level of motivation toward scientific discipl{hullis et al.,
2012;Provasnik et al., 2012Voods, KurtzCostes, & Rowley, 2005). Thus, this study will focus
on fourth, fifth, sixth, seventh, and eighth graders with the goal of forming their knowledge and

expertise in polar science.

Concerns of eLarning

The education team at CReSIS belgthat technologymediated distance learning in
some instances is necessary, especially for outreach programs that are aimed to widely
di sseminate educational Il nf or matsitowardst o t he
technol ogy as wel |l as concerns related to
achievement are major barriers to the advancement of eLearning (Ertmer, Paul, Molly, Eva, &
Denise, 1999; Moore & Kearsley, 2011; Prensky, 2007).

Teacher®attitudes toward digital technology Contemporary students growing up with

computers, video games, smart phones, and other digital tools are different from older generation

teachers who never expected digital technology to emerge or to become al padgsf their
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lives (Prensky, 2007). These teachers as a whole still think learners should be taught using
traditional strategies, such as didactic teaching througkostspep instruction from textbooks,
which may hinder st udzethdredningpotentiadsaRrenskyy 2081n d mi n
2007). When the learning content and course activities are presented in a way that students are
more familiar with, they could become more engaged in the learning process (Conole, De Laat,
Dillon, & Darby, 2008. Thus, the use of technology as an instructional strategy could motivate
students to actively participate in the course activities.

Additionally, the ubiquity of technology h
thinking and communicating with the war(Prensky, 2007). They receive information quickly
and prefer multitaskingvhich allows them to randomly access a variety of information at the
same time (Prensky, 200Hpwever, these new characteristics of diggaheration students
often lead to th belief on the part of teachers that technology contributes to shorter student
attention spans when the technology is used in education (Barnes, Marateo, & Ferris, 2007).
Skeptical teachefselieve that h e st u d eattentisndisatiricautalteto thef use of
technology, but recent studies have indicated that these concerns about technology are
unfoundedb ecause st udent srésulsnostly fionemibusaadstatic tearning p a n
processes (Prensky, 2001). On the other hand, the apprompiéeenentation of technology can
increase studentsd motivat iDalgamma&lke, 20iage t hem
Huizenga, Admiraal, Akkerman, & Dam, 2Q@rensky, 2007).

The lack of effective classroominteractions. Another drawback of eLearning the
lack of teachdrstudent and studdrgtudent interactions (Moore & Kearsley, 2011). Distance
education, unlike conventional classroom instruction, is relatively ineffective at nurturing close

relationships between teachers and students, and sbisngiffective at nurturing a spirit of
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teamwork among students. Social constructivists believe that the development of knowledge is a
collaborative activity situated within an environment where its cultural and social factors will
af fect | e sercapaciiesbsuch as garceptual capabilities as well as attention and
memory, in constructing knowledge (Kim, 2001; Vygotsky, 1980). Lev Vygotsky also
emphasized the importance of positive interactions between a teacher and students in improving
studenté6 understanding of instructional material s
Teachers in classrooms not only facilitate the transmission of knowledge to students but also
support studentsd continuing ef fteledrsngt o const
process (Driver, Newton, & Osborne, 2000). Accordingly, the contextual affordances of physical
classrooms can benefit students in forming new knowledge and improving academic
achievement.

Unfortunately, positive interactiormetweerteacherand students, as well as the
interactions between studendse difficult to maintain within digitatlistance learning contexts
(Moore, 1989; Moore & Kearsley, 2011). Since these positive interactions between teachers and
among peers lie at the heart ofrfong constructivistearning environments, possible
improvements in teachiestudent and studdrgtudent relationships will affect the use of

elLearning in current pedagogical settings.

Cognitive Load in eLearning

In addition to the lack of social interams in digitatdistance learning, the use of
mul ti media tools also raises the comMayerrn abou
2005a; Mayer & Moreno, 2003lror example, the dynamic representation in animation requires

students to demonstragesubstantial amount of cognitive skidsscomprehend the causal or
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functional process of the phenomena in the learning contents (Betrancourty2Q@%:&

Moreno, 2003. Foranotherexamplewhile watching the retreat of glacein the animation,

students within this shot period of time need to pay attention to multiple domains such as the

change of temgradures, sedevel rise, and other relevant phenomena to wholly understand the

content ando construct new knowledge. This learning process may avetlo st udent sd6 co
abilities. They need more mental efforts to construct a series of mental schemas for constructing
knew knowledgeespecially when learners perform unfamiliar learning tasks in the protess

engaging with the animatioBased onJohBwe |l | er 6s cognitive | oad th
of learning attempts, the interaction between limited working memory and organized existing
information stored in longerm memory may lead to the risk of cognitive overload (Sweller,

2005; Sweller, VamMerrienboer, & Paas, 1998).

In order to maximize the effectiveness of distance education, the design of eLearning
tools should minimize | earnersdé cognitive | oa
intrinsic, extraneousandgermanecognitive loadSweller, 2005). Thentrinsic cognitive load
corresponds directly tihe difficulty level of learning subjects, whikextraneousognitive load
can be affected by how the learning materials are designed and presented (Sweller, 2005). A
well-designed elLeaing tool can control these two types of cognitive load by effectively
presenting appropriate information thatnsdee ar ner so6 skil |l | evel s ( Swe
Merrienboer & Kester, 2005). Once learners minimize cognitive load of manipulating the
learningenvironment, they can free their working memories, which allows them to better focus
on learning tasks. When learners interact with learning tasks, they will engage in appropriate
cognitive processes to organize relevant informationt@af@m new knowlede. These

efficacious learning processes lead to an increagerafanecognitive load. Unlike intrinsic and
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extraneouslo® ger mane cognitive | oad reflects | earrt
gains (Chandler & Sweller, 1991; Sweller, 2005,8er et al., 1998). In other words, the design

of multimedia tools should not only improve the usability of the tools to reduce intrinsic and
extraneous | oad but also should contribute to

would in turn inceasegermanecognitive process.

Multimedia Strategies
With attempts to improve the effect of multimedia instruction, the constructivist
eLearning approach necessitates providing learners with appropriate scaffolding to reduce
| ear ner s0 c oegsing the tvoband ats@ehgagthiemn ih the learning process to
promote active learning (Mayer, 2005a). A common way of reducing cognitive load is to
improve content delivery artdfreeal ear ner 6 s wor ki ng memory on cCO
knowledge. For exapie, Dr. Mayer, professor of psychology at the University of California,
Santa Barbargroposed multiple design principles based on cognitive theory of multimedia
learning to effectively deliver learning contents améxclude extraneous processes taoed
extraneous cognitive load (Mayer, 2005a, 2005c, 2005d). Consequently, learners have sufficient
working memory to interact with essential information &nfbrm a schematic knowledge
stored in longgerm memory for the future use of new knowledge costin.
Successful learninghoweverst i | | rel i es on studentso6é6 effo
the learning process. Effortful learning leads to the construction and automation of schemata
stored in longerm memory for future use (Sweller, 2005pme instructional strategies for
eLearning could support the increase of learning efforts. For instance, use of-thepkaiftion

approach when studying worked examples i mprov
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them to mentally integrate theformationfrom the examples to form a schema of new
knowledge. This new schema in turn serves as a central executive mechanism related to working
memory to reduce total cognitive load (Roy & Chi, 2005). In addition, this practice provides an
optimal levé of germane cognitive load ¢batlearners can be actively engaged in the learning
process.

Although eLearning strategies can reduce unnecessary cognitive load and encourage
learners tonternalize the knowledge givevhen learning through the multimednstruction,
the success of these strategies in unstructuredlepamng environments, such as distance
education, without established regulations related to interactions in conventional classrooms will
rely on Iregalationeamdsafeternmation (de Jong, 2005; Renkl, 2005).
Accordingly, the highquality distancdearning system, besides simply facilitating content
delivery, al so neces sdistigirte.eAscording p8D®, sociotyturad t ud e n t
interactions in learningenvion ment s coul d 1 mpr ov e,asdttheseent s 0 i
interactions as external regulations can be used to encourage students to actively participate in
learning processes, which in turn results in successful online learning experiences (Moore &

Kearsley, 2011Ryan & Deci, 2000p

Motivation and Engagement

The current practice of eregeldionandseyf i s | i mit
determination (de Jong, 2005). Therefore, the implementation of technology should lead to a
greater degree @lctive participation in online distandearning contexts. In order to do so,
much research is needed to understand the underlying motivation fdetsgthination in online

distance learning.



25

Previous research suggestatthe preliminary step to eduaag children is to hold their
attention (Prensky, 2007). Many instructional strategies, such as assigning rewards to learning
tasks, motivating studer@mterests about the learning context and encouraging them to engage
themselves in the learning prosd&agné & Deci, 2005Thorndike, 1927), have been identified
within the literaturehowever, within the literature, these motivators, located outside the
individual, are too often considered in isolation to other motivating factors. Grounded in
cognitiviam, extrinsic motivation toward learning subjects, compared with intrinsic motivation,
is insufficient and will quicklydissipate (Ryan & Deci, 2000a, 2000b). Even worse, in some
instances, extrinsic rewards can undermine intrinsic motivatioca@meducestudent autonomy
because studeritearning efforts wholly rely on tangible rewards (Ryan & Deci, 2000b). Thus,
it is critical to internalizes t udent 6s extrinsi c mot iastadéenison, wh
self-discipline over time within digitabnline learning.

With regard to increased intrinsic motivatiee|f-determination theory (SDTipdicated
that this positive emotion is correlated to the fulfilment of human né2els & Ryan, 2011;

Ryan & Deci, 2000a). Beyond basic physiological needs such as food and shslterpdrtant
to develop selesteem and seéctualization among students during the learning process in order
t o for m s-tequldt®emandsélfetsrmihation (Maslow, 1943). In turn, students are
able to internalize and integrate the value afiéng tasks toward positive learning behaviors.
To do so, the design of pedagogical settings [
psychological needs: competence, autonomy, and relatedesst{ Ryan, 2011Ryan & Deci,
2000b).
The principges of SDT also claim that sociocultural factors within learning environments

could permit the balance between studentsd co
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active seHdirected learning (Deci et al., 1991). Accordingly, the digital digautcation
should notonly mpr ove | ear ner sliutalsmshould imglementsomat i vati ons
interactions to externally regulate students?o

self-discipline toward learning tasks in an online leagnenvironment.

Digital Game-Based Learning(DGBL)

In addition to the instructional strategy to improve intrinsic motivation, it is also
necessaryo realize with learning media would most motivate and engage tdstydents. As
mentioned previously, cdemporarystudents consider digital technology as an integral part of
their lives, and the ubiquitous use of technology also has influenced their ways of thinking and
communicating with the world (Prensky, 2007). Thus, conventional instructional to@aets
for the previous generation students may be insufficient in promoting motivation and
engagement among contemporary students (Palfrey & Gasser, 2013; Prensky, 2007). Digital
games within all digital technologies have become a popular form of enteetatifior
contemporary studentSquire, 2008 Theenjoymentesulting from gaming has great potential
of facilitating student motivations. The nature of cooperation and competition in playing video
games could also facilitate the formation of active le@eommunities.

Modern digital trends have changed the demographics of playing video games, which
have become popular for various populations across genders and ages. A national survey
conducted by the Entertainment Software Association in 2014 inditete89% of Americans
including 52% of males and 48% of femalelay videogames (Entertainment Software
Association, 2014). Transcending the stereotype of the teenage gamer, video games also have

become a highly popular form of entertainment among Asaercollege graduates, who,
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according to recent studies, spend over 10,000 hours playing video games per year (Prensky,
2001).Becausestudents today are different fraime studentdor whom the educational system

was originally designed, pedagogical aggwhes should change and adopt new instructional

met hods to meet t he isleaningstylree(Prensky,800H.Fheneeds an
familiarity and popularity of video games amongsturrentgeneration of students inspires

educators to implement digl gamesaswayt o moti vate and engage tod

learning process.

The Nature of Fun

Gaming can be perceived asemjoyingpr ocess i n which the pl aye
amusementare inherent to the fulfillment of each task (Gee, 200&ngky, 2007; Squire,
2003). Ths nature of fun could be applied in education as an intrinsic motivator for improving
student engagement within the learning process. The research of DGBL indicates that the
characteristics of a wetlesigned DGBL couldimpxoe st udent sd | earning in
complex learning andouldengage them ithe problemsolving process toonstruct new
knowledge (Gee, 2003, 2005). The increase in motivation will lead to a higher number of
learning attempts and sealetermined #orts to help students stay active in the learning process

(Berger & Karabenick, 2011).

Motivation in DGBL
If this motivation cannot hbowevelthemtiketudents o st ud
can be easily disturbed by external factstadents irturn would not be able to remain in the

same learning condition for a long period of time (Ryan & Deci, 2000b; Stipek, T998),
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motivation and engagement resultingm enjoyingvideo game play, though affording certain
enhancement to conventional med# learning in certain regards, is nevertheless still
inadequate for autonomous learniggudents neeelxternal regulations to facilitate the
internalization of those motivations to attain deeper engagemksarning contexts.

The SDT indicates thagocialcontextual factors have the potential to strengthen intrinsic
motivation. The contextual affordances of learning environmeuath as social interactions
among playercan internalize the value of challenge and probdefaing within gamingGroup
affiliation that encourages students to compete or cooperate with others will result in an active
learning atmosphere (Ryan & Deci, 2000b). In additiba,satisfaction of belongingness and
connectedness with others will motivate students to learn &aetheir competence through

theautonomous learning process in game play (Ryan & Deci, 2000b).

Gamification

Although DGBLhas the potential of improving digitdistance educatigmadequate
technol ogy infrastruct ur engnesatodmbddGPLpwdhint s r educ
learning environments (Hilton & Honey, 2011; Prensky, 20 Eck, 200% Teachers
without school support experience difficulties in implementing digital games into their
pedagogical settings. Moreover, producing kigfality educational video game is prohibitively
expensive with respect to most teachers (Johnson et al., 2013). Thus, teachers need an alternate
way of applying the instructional strategies of DGBL ahddjusing it to meet their teaching
goals (Kim et al., 2009 The traditional methods for DGBL rely on taking advantage of existing
contents of COTSvidepa mes t o meet teachersdé educational

educational game designed for speaifizclearninga subject that meets teach@needs (Va
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Eck, 2006) however, these approaches, based on existing games, reduce the flexibility of
implementing the concept of DGBL into the curriculum. Therefore, the lack of a feasible and
costeffective way of applying DGBL into pedagogical settings will hmitieeducational
effectiveness.

The modern game industry and service marketingestapplying a new gamkke
service called gamification to enhance users?o
concept of gamificatiomsesgamedesign elements nongame contexts to improve user
attention and behavior (Deterding, Sicart, et al., 2011). The experience of gaming is believed to
produce joy of use, engagement, and other positive emotions while using the software or its
services (Deterding, Dixon, at., 2011; Deterding, Sicart, et al., 2011; Huotari & Hamari, 2011).
Accordingly, the use of game elements in instructional tools should be able to make it enjoyable
and engaging. Thus, the application of gamification to eLearning content holds the same
potential promise obDGBLt 0 i mprove studentsd motivation to

Another advantage of using gamification is its flexibility in curriculum design. Unlike
producing a new video game, gamification only requires modification of the structureeitc
nongame products and services to provide users a similar experience to gaming (Deterding,
Dixon, et al., 2011; Deterding, Sicart, et al., 2011). For example, the application of gamification
to elearning content can motivate users to engage withdhtent by adding reward and
reputation systems with points, baddeader boards (PBLS), atelels. These strategies not
only meet learning objectives but also increase the efficacy of the developing processnFrom
educational perspective, structugalmification, which modifies existing instructional tools

based on the satisfaction of studentsdé psycho
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and engagement, can provide schools and teachers more flexibility in applying the concept of
DGBL into pedagogical settings.

This flexibility could also facilitate the learning effectiveness &HD by eliminating
the gender differences in game activity preferences. Boys and@msallyhave different
preferences of games modes. For instance, bagstéebe more interested in competing with
others in action gameBut girls prefer cooperation with others during game play in social games
(Entertainment Software Association, 2015; Papastergiou, 2009). The differing appeal of game
modes could increashka difficulties to create the educational game that fskilv er yone 6s ne
(Kinzie & Joseph, 2008). By applying the strategies of gamification, instructors would have
more flexibility to implement various game mechanics to compensate the gender cé$eren

game activity preferences.

The Design of Social Gamification in Distance Learning

Since learning is more complex than other human behasiach as shopping, simple
increases in motivation and engagement cannot guarantee the success in leasvagaant.
Students need to exert efforts in the learning process. Therefore, the engagement and motivations
associated with gaming need to be applied to learning contexts. Accor@bJ tand social
constructivism, sociatontextual factors could be uskéxternal regulations strengthemg
studentsod positive emotions during the | earni
Thus, in addition to the implementation of game elements, these social aspects are also critical to
improving the efectiveness oinstructional tools in distance education.

Activity Theory (AT) . The AT provides a frameworligurel) f or anal yzing

needs and social cultural relationships in a learning environment (Savery & Dufy, &@8ch
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can be used in applying social and cultural context to gamification design. Activity theorists
consider activities as basic units of analysis in hur@amputer interaction research (Kuutti,
1996). Participation in different activities createssmaousness, and the contextual affordances
in the environment facilitate teamwork or other social activities in completing tasks. The use of
tools in the theory serves as a mediator to facilitate the working process (Kuutti, 1996).
Vygotsky (1980) also meioned that human interactions with environments exist through the
use of tools and signs. Users with positive experiences related to use of supplemental tools
exhibit increased individual motivation in completing the tasks. In addition to these perspectiv
related to the importance of tools, the AT model incorporates concepts related to community,
rules, and division of labor as mediators of human activity. That is, the social environment
provides constraints within the community, for example, workingsrutultural norms, and

notions of teamwork, which correspond. to the

Tools/Tool Mediation

A

Subject/Internalization " | ™ Object/Objective » Outcomes

/N

Rules #4#———m— g 4————— p Division of Labor
Community/Externalization

Figure 1. Diagram of the Activity Theory model.
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Computer-supported collaborative learning(CSCW). AlthoughAT has provided the
system model of expended theory of activity between users, tools, and environments, there is an
insufficient use applying the standard method or guidelines for using AT to design instructional
tools (Mwanza, 2000). To develop a compugstem for supporting collaborative learning in
distance education, a substantial amount of further research that can bridge the gap between
research results and practical design is needed. Some strategies related to CSCW could guide the
use of digital dols that are capable of assisting students to satisfy their learning goals through
positive social interactions in the virtual environment. For example, an environment integrated
with social networking qualities, such as cooperation, competition, aneint@iaring, could
improve the working performances of its users. Thus, in addition to developing a system that can
provide feedback and reward users with their developing progress, this project proposed
implementation of a gamified system that would a@kow community members to
communicate with each other during the gaming process, which, in turn, would improve their
learning performances.

Other game-designprinciples. Other design principles have been exemplified by the
game industry within efforts tdesign a different set of play experiences associated with positive
emotions. These design principles, associated with positive learning experiences, can also be
integrated within implementation of social gamification in educational fields. For example, Fo
Keys to Fun proposed by XEODesign identifies four types of gaming experiences in playing
video games: easy fun, hard fun, people fun, and serious fun (Lazzaro, 2004). Easy fun attracts
pl ayersdé attentions; hard f eoplefpnrresuits fidra sociat hal | e
interactions and creates opportunities for competition and cooperation; and serious fun involves

changes in playerso6é internal states during an
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meanings into the context of the game (e. , role play as a cityos may
strategies to reduce the air pollution in cor
issues). For educational purposes, some experiences such as serious fun and people fun may be
more appropate and effective in internalizing the value of gaming context while also forming
an online collaborative learning environment.

Csi kszentmi halyi 6s flow theory (1990) prov
gameplay that supports players in an active tmmdduring the gaming process. A well
designed video game should allow players to s
for rewards but fothe exhilaration of the process (Squire, 2003).reach such an optimal
experience antb make larners completely involved in the gaming process, the tasks should be
designed in a proper sequence according to the skill level of a player. The easier tasks should be
arranged before more difficult subtasks, and these tasks are based upon the sare body o
knowledge (Clark & Mayer, 2011). Using this progressive design of gameplay, students could be
more engaged in learning activities while using the socially gamified system.

Other principles, such as Janaki Kumar and Mario Hér§ege-step approach for
gamification provide industry guidelines for developing engaging software or services, which
ful fildl u s e r Bhése five dtepsaintltdiksowing goairdlayersdentifying the
mission understanding human motivaticepplying game mechanicand managing,
monitoring, and measuring the softw@keimar, 2013). Using these standards as a guide can
assure the quality of designing and developing process of the socially gamified system. In
addition, instructional designers applying these standardbeter understand their users,

including both teachers and students.
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How to Measure the Effectiveness of Social Gamification

The use of social gamification in distance education aims at enhancing positive emotions
regarding | ear n e aml dognitivetemgagansent whileratssd dreatad ai learning
community with the ultimate goal of transferring neygbined motivation to learning efforts to
i mprove studentso6 | earning performances. The
learning peformances and their motivations, cognitive engagements, and social interactions can
validate the concept of using social gamificatiofetzilitate learning achievement in online
settings.

Motivation and cognitive engagement To assess motivation thalso reflects the
engagement through the use of learning strategies, it is necessary to determine the
appropriateness of the available instruments (Fredricks et al., 2011). The Motivated Strategies
for Learning Questionnaire (MSLQ), developed by theaedeers at the University of Michigan,
i's an instrument that can measure studentso m
learning strategies for a course (Pintrich, 1991). The MSLQ has been reviewed for evidence
supporting its reliabilityath val i dity: Cronbachos al phas rangi
internal consistency (Pintrich, 1991). The positive correlation between MSLQ subscales and
students6é final course grades also demonstrat
Accordingly, MSLQ is a reliable and practical instrument for measuring motivation and
cognitive engagement.

Although the initial MSLQ waslesignedor assessing college students, it has currently
been adapted for middle school students. The middle schoawveisine MSLQ containS5
items in five subscaleself-efficacy, intrinsic value, test anxiety, cognitive strategy, asel

selftregulaton The first three i1items ar eandtkellaasttwed t o
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are relevant to student eegulated learning strategies (Pintrich & De Groot, 1990). These
items can be used to examine the impact of different instructional methods on student
achievement, motivatigmand use of learning strategies, which represent student cognitive
engagementHredricks et al., 2011).

Collaborative learning. The other research aspect of this study was the social effect of
social gamification in promoting collaboratiyv
collaborative learning in socially gamifiegisiems, some indicators such as types of learning
activity, studentsodo initiatives, regularities
rooms, can be used to gauge the extent of collaborative learning that occurs within the learning
process(Aaya & Boticario, 2009). Therefore, using
would provide insights with respect to social interactions that contribute to the collaboration in
an online learning environment. Thus, the number of messages sent agtl caplbe used as a
guantitative indicator that can suggest which students are more active and collaborative learners
(Anaya & Boticario, 2009).

Moreover, types of conversation demonstrate the relationship beawesne r 6 s s oci al
interactions and collabadige learning (Santos, Rodriguez, Gaudioso, & Boticario, 2003).
Accordingtoresearconc ol | abor ati ve online | earning, stud
classified into four categoriesocial, procedural, expository, and cognit{@iver, Omari, &

Herrington, 1998; Santos et al., 2003). The social and procedural conversations are not directly
linked to collaborative learning. In contrast, witlexpositoryandcognitiveconversations,

students exchange knowledge and discuss issues to better understamdethie these

exchanges demonstrate higher levels of social interactions in collaborative learning (Santos et al.,

2003). Therefore, mormexpositoryandcognitiveconversations among students demonstrate the
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effectiveness of social gamification in theprotion of social interactions in an online learning

environment.
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Chapter 3: Methodology

I ntroduction

This study attempts to conceptualize and validate a research reeefelglure 2) for
social gamification in multimedia instruoh with the purpose of improving the quality of
science outreach programs at CReSIRt The framework assumes that positive emotions
such as intrinsic motivation and cognitive engagement found in students are highly correlated
with the use of game design nongaming eLearning applications; this framework holds the
position that game design in nongaming eLearning applications comsiosdle lack of
social interactions in distance learning. For example, the gamification of an online computer
animatcm, which uses certain game el ements and te
build a spirit of teamwork to improve learning performance. The use of social function such as
online chat rooms regulates the newly gained motivation and transfecsléarning efforts to
facilitate learning. This study proposes implementing reward structures and social networking
services associated with game mechanisms to gamify an online digital interactive animation
developed by the education team at CReSISeyWdurpose in conducting this study is to verify
the reliability and validity of this applied theoretical model of social gamification in online
education with the purpose of developing a practical eLearning tool to stippore nt er 6 s

science outreach.
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High Motivation/
/ Cognitive Strategy Use \
Gamified Animation Knowledge Gain Optimal Learning Performance

—

Collaborative Learning

Figure 2. Proposed model

This study conducts three betwegru bj ect experi ments to measu
motivational orientations, cognitive engagement, and social interaction on their learning
performances while engag with CReSIS online animation with the purpose of learning basic
knowledgeaboutglaciers. The gamified animation was designed with two levels of gamification:
one based on individual efforts to win P8land another systethatintegrated not only this
gamified animation but also an added chat room function to allow students to cooperate with
others to win PBk. These two levels of gamified animations were compared with the original
instructional, which integrated CReSIS animation without gamificatedetermine whether
gamified eLearningnstruction could better promote content knowledge of polar science. The
second experiment looked at whether the use of social gamification could lead to a more
substanti al i mpact on <« engayemert. 3he fimal@expériment i on an
investigates the correlation of the previous

conditions would result in advanced learning performances. The intent of these three
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experiments was to determine whetherithplementation of social gamification integrated with
the CReSIS animation could enhance,isturmdent so
facilitating the process of knowledge construction.
The foremost purpose of this research is to examine ldigoreship between
gamification, motivation, cognitive engagement, and social interaction in apdrdistance
learning settings. This research also develops a practical way of applying game elements into
nongaming eLearning applications to motivate amghge students in learning activities in
online settings. In addition, according3®T, this increased motivation and cognitive
engagement could be retained in the learning process by integrating social interaction; in turn,
this active participation irhe course actities would promote seifegulated learning to ensure
studentsod success in online education. These

developing gamified educational applications for distance education.

Procedures
The resech conducted betweesubject experimentg which each student randomly
underwent one of the three instructional methods (the original CReSIS animation without
gamification, gamified animation, and socially gamified animation) to learn about treatment
ef ects (Il earning perfor manc e dearaingdchieveneents o n a | oI
were measured by gain scores on prel postestsa n d s t motivationtasdécognitive
engagementere measured by mean scores on suni&smsause ofime constaints, students
answered the survenly one time at the end of the experimexgsessg their psychological
status in terms of motivation and cognitive engagement after the lectures. Then, the researcher

examined the mean score differences of thesendiotors based on three instructions to
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identify and verify the emotional and academic effect of social gamification. The results can
provide crucial data and insights related to the application of social gamifitagtearning
tools with the aim of immving the effectiveness of distance learning in CReSIS science

outreach programs.

Research Perspectives

This study was a quantitative study. It lasted from 2014 through 20di@he data
collection occurred from the fall of 2015 through the spring d620 he participants were
recruited from the educational organizations that have partnered with CRéSJS Htree
different levels of gamification were applied to the CReSIS animation and were used as the
intervention t o eXx anesporesesprda theirilearning@erforrmaiicee Tihet i o n
collected data include the survey results and the gain scores from pretesttéstpdst

comparative analysis of the collected data was conducted.

Research Questions
This study was a quantitative study twafyze the differences between participénts
improved grades from pretest to ptesst and their survey scores. The first two questizere
related to learning performancasdfocused on identifying whether social gamification could
better promote studens 6 cont ent knowl edge. Question three
verify the emotional effect of social gamification on the learning process. The last two questions
|l ooked at the relationship between studentsao

performances while considering the differences in the instructional method. With these

comparisons, this research could provide dit@en evidence to determine whether the
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implementation of social gamification could improve the effect of CReSIS animatieaahing

polar science in online settings.
The following research questions were considered

1. Is there a significant difference in gain scores from pretesttetpess t r el at i ng ¢t o
gender based on three different instructional methods: aomagmified animation and
socially gamified animation?

2. Is there a significant difference in gain scores between test question items relating to
retention and test question items relating to transfer based on three different gamified
instructions?

3. Cantte survey used in this study predict stude

4. 1s there a significant difference between st
based onhethree different gamified instructions?

5. Is there any relationship betwee st udent s6 psychol ogical statu
cognitive engagement, and their test scores?

6.1 s there a significant difference about the
in terms of motivation and cognitive engagement,laacthing performances based on the

three different gamified instructions?

Participant Population

The participants in this studyerestudentsattending afteschool programsncluding
the Boys & Girls Club in Lawrence, Kansasd the Chinese School Gfeater Kansas City in
Kansas City, Missouri. These afgrhool programbadpartnerships witlCReSIS at K. Based

on science achievement reports, this study focused on stud&redies4 to 8 who havethe
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most trouble with science education in comparit students in other gradéygvasnik et al.,
2012. Therefore, the criterion for selection of student participation in this study was based on
student sdé gr ade | e vagddandl3 mnhe fpurtlstteighdgeadesvgereb et we e n
invited to @rticipate in this study.

Students who participated in the afsahool programs that participated in this research
study come from multiple neighborhood schools within the Lawrefaesasand the greater
Kansas City areas; these neighborhood schofkéctdoth affluent and higpoverty areas. The
researcher worked with teachers and staff members there to disseminate flyers to invite student
participants. If they agreed to participate in this study, parents or guanamsequired to sign
theconsenform. The package of participant recruitment files are presented in Appendix A.

Students in this study learned the basic knowledge of glaciers through the multimedia
instruction with three levels of gamificatiothe original CReSIS animation without
gamification, the gamified animation, and the socially gamified animation. The learning
materials were not related to their course work at school to eliminate the impact of prior
knowledge on study results. Then, participants were randomly assigned tiotlomee dreatment
groups (animation, gamification, and social gamification group) to reduce variance. By doing so,
studentso6 personal backgr oun,kte)afddegehadl er , soci a

technology use was controlled to achieve a closgch between the different treatment groups.

Intervention
To gamify the current CReSIS animation as an experimental intervention for this study,
the researcher worked with ABen Tech Co., Ltd. (ABen Tech) in Taiwan to implemamard

system and ontie chat rooms within the original CReSIS animation. ABen Tech, a company
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with years of experience in creating simulation systems, provided the required skills to
implement ando support the qualityntegrateceLearning applicationeeded for this study.

The prototype developed with ABen Tembmprisedanimation, gameplay reward
system, an@dnonline chat room. The students in the control group tirdd the animation to
learn the content knowledge of glaciefggre 3). Theinterface of the animation was designed
in accordance to multimedia principles to improve its usability (Clark & Mayer, 2011; Hsu,
2012). The first experimental group used animation and then played the game and won rewards
to review the content{gure 4). This gamified eLearning system, which aligns witegame
based learning system, attempts to nag#gtudents through the gameplay during the learning
process (Prensky, 2007). The second experimental gaxtipipated ira simlar instructional
method as the experimental one group did they could use an online chat room to
communicate with each other while playing the gamgure 5). The major difference from the
gamified animationn this iteraton of socially gamified animation was the usdlodonline chat
room. In this instructional system, social interactions in the online chat wloich is based on
SDT, served asregulation to assist students to transfer neyaliyped motivation into leamng

efforts (Ryan & Deci, 2004).
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Figure 5. The use ofinonline chat room to facilitate the effect of the gamified animation

In addition to assesgy the learning effect of gameplay on the animation by comparing
the differences betwedhetwo experimental groups and the control group, this study also
attemptdo verify whether the social factor in gameplay fostee effect of gamification in
multimedia instruction. By turning the chat room functadhor on, this system could create two
types of gamified ani mati on projectfwodldfiketol t he st
further expl or e st indudingtosnpletienard icomperatiomdurengthec t i on s
learning process, dhatthe competition irtheleaderboard was considered as one type of
reward structure instead of a social functibherefore, the social gamification was clarified as a
gamified animation with an online chat room function in which stigdentc o n vsscoukla t i o n
provide more information regarding the effect of social factors in the learning process.

The participants wrerwent these two types of gamified animation aitldwithout the
online chat room to evaluate the impact of whether gamification or social gamification could
have advanced emoti onal and academic effects

science Then, the results were compared with the control group, in which students engaged with
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the original animation without gamification, to further identify the impact of social gamification
on the CReSIS animation.

Socially gamified animation system The saially gamified animation was designed and
developedas an experimental intervention. In this gamified system, students learned the content
knowledge by interacting with the animation for 20 minutes and then answered 25 questions
randomly selected from treatabase to review the content and win points (see Appendix A for
details about all 30 questions stored in the database). When answering the questibhirs, ohe
the participants were allowed to use the chat room to communicate with others.

With the mplementation of reward structures, this system attempted to capture and
mai nt ai n st ud etonotvdte tleen tn ¢ha learnmgpsoceasn Their positive
emotiongmotivation and cognitive engagemewere examined with other elements
(competition and cooperatigrthat could be identified within the online chat room towhether
sociocultural interactions in the | earning pr
and affected their learning performances.

Animation with reward structures. In order to examine the effectiveness of gamified
applications with regard to studentsd motivat
adopted an existing computeased narrated animation called Glaciers in Motion, which was
developed by th education team at CReSIS, and modified it as a-g&melLearning
application by adding reward structures. After interacting with the learning content, users
answered 25 questions that were randomly assigned from the database (see Appendix A). These
guestions were presented to students in two formats: multiple choice amdtfil-blank

guestions. Users could win points, advance levels, and earn badges by successfully answering
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these questions. As a consequence of points being accumulated, studdrasideue the top
rank with honor.

I n addition to represent advengpaintmbinedwith st ude
a leader board and social networking functan be used to represent more than one dynamic
phenomenon within this reward syste@hat history related to ranking and scoring, serving as
an indicator of asdticampetition ssatus, assistedearchermms hi p s
investigaing whethers t u d soaidl istéractions could contribute to optimal learning
performances.

Questionitems andgame-activity development This research used the Next
Generation Science Standards (NGSS Lead States, 2013) as a guideline for designing the lesson
activities within the gamified system to develop highality, scientifically based instructiah
practices in polar science. First, the standards mandate the step of previewing questions at the
beginning of each | esson, attempting to engag
begin thinking about the information they should explore irathimmation. When completing
each lesson in the animation, students are required to answer questions related to knowledge
retention and problersolving transfer to see whether they could retain the newly gained
knowledge and apply it to a new situation. Aesivg the review questions was part of the
gamified procedure. Upon answering these questions correctly, a student won rewards and
received the honor of having oneds name poste
practice of answeringreviewgus t i ons al i gns with NGSS i n pr omt
by analyzing the content in detail and interpreting the meaning while at the same time applying it

to different situations. Further mor eicatest udent
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their abilities in regard to conceptual understanding and the flexible use of knowledge (Mayer,
2005b); students were able to track their own correct responses through earning points.

Systemdevelopment In addition to the content of the sociallyngéied animation, the
other key element related to this instrument is the database design. The database is used to record
students6 performances when they interacted w
budgets and technical support, this progstected a free but highly secure database service,
Parse APP. The histories of gameplay, including scoring composition, and chat history, which
refers to the records of how students interacted with the gamified animation and with other
students within ta group, were temporarily stored in this wedsed server application.
Al t hough it is a reliable servi ce-pdrtpserviet ori ng
therefore, a chance of | osing anexistdd ®cl osi ng
resolve this issue, all identifiable information of each student from the database was recoded and
was represented by a completely unrelated number or character. The procesewofifitsation
and anonymization is critical in protectingstudt s 6 pri vacy. Only the re:
the relationship between keyed information an
experiment was completed, the researcher immediately downloaded the saved the data on his
computer, and theriginal data were removed from the server.

The development of software content has afforded greater opportunities in the creation of
eLearning applications. Accordingly, this study used a flzested animation fahe control
group.Within the gamificatiorand socialgamification experimental groups, in addition to the
animation, the researcher added the game elements and social functions to create a socially
gamified animationThe Adobe Company has announced that the HTMIb neplace Flash in

the nearditure (Adobe Corporate Communications, 2QiBgrefore this study needed to update
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the technology used amgeded t@pply the latest software applications to create the game
elements and online chat room functions. For this reason, this study selexi@dioe latest

game authoring tools, Unigoftware to develop the gaming system (Goldstone, 2009). Another
critical reason to implement current technology within eLearning applications is to ensure the
quality of the final product and to afford resdwsercs with highquality technical support
(Anderson, 2008).

Multiple software applications were needed within the process of developing the
animation and game elements within this research. The visual elements of the animation were
developed with Adobdlustrator and Photoshpandthe structure of the game was completed
using Unity software. The items for multiple choices andrifthe-blank questions were stored
in aGoogle Spreadsheet and randomly assigned for each stage of the gafeptdat room
function was created by Photon Unity Networking and implemented to the system (shown in
Figure 6). The final product of the system was published as a desktop application that is

applicable for both Windows and Mac OS operatirgjesys.
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GLACIERS . MOTION

Q1:How do glaciers pick up rocks and dirt? by melting and e T

@

Progress: 0%
Game Scores: 0
Level: 0

Badge:

I Enter Answer.. ]

|| Chat Room

kchsu:
kchsu: test

Figure 6. A chat room function allows users to communicate with others while playing the game.

Generally, the framework of this instrument consists of Flash animation, a Unity game with

with reward structures and online chabm, a Google Spreadsheet as a database, and a web
based server. The animation is embedded on the CReSIS website for users to interact with. After
exploring the content in the animation, users loggdd the Unity game to begin the review
guestionswhich were randomly assigned from Google Spreadsheet. The difficulty lethe of
guestions was based on the six learning disciplines of glaciers in the anjraatitire questions
wererandomly assigned to students in gameplay. Students were given thiegalnoé test

guestions within this range of difficulty. The administrator can decide whether to turn on or off
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the chat room function while users play the

histories were stored in the Parse web servem(shio

Figure 7).
Google Spreadsheet Web-Based server
A
test question items Data
\
Flash Animation —— Game & Online Chat room

Users

Figure 7. The structure of socially gamified animation.

This development provided a flexible way of implementing game elements into the
existing CReSIS animation without recreatingt@ole new gamified system. In addition, the
architecture of the system can musing themodest hardware of PC and Macintosh (Mac)

computers. Computers with basic network infrastructures, such as the Internet and web browsers,
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can run this gamified systerfihe efficient use of resources facilitates the implementation of the

system for testing and data collection.

Experimental Conditions

The experiments wergerformedn natural environments which participants are
familiar, such as their classroom @mngputer lab. Th@rimaryequipment required in this study
was a laptop with basietwork functionsnd an Internet connection. Before starting the test,
thisresearcherequested permission frothe KU Human Subjects CommittdeLawrence
Campus (HSCL). Padipansd r i ght s and privacy were protect
investigator reviewed the consent form and explained the experiment before the experiment
began to avoid future misunderstandings. Participantstolerthat they could attain the
benefitsof gaining insight into glacier science through this studythattheir responses would
guide the design of future social gamification in eLearning applications.

The collected data, including the pead postestscores emotional responses time
MSLQ survey, and log filesverest or ed i n the primary investigal
investigators and the faculty supervisor involved in this study had access to the files.
Participanténames were associatby anonymous identifiers in the resela findings to help
readers understand the context, but their identifiable information was not shared)ntesay

required by law or university policy o) participants provided written permission.

Experimental Procedures
In order to minimize th@mpact of prior knowledge, the learning topic was not covered in

previous classes. In addition, a pretest about the topic was conducted to measure the amount of
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part i @regxigtingtkso&ledge of the content. The experiments pefermedn
classroms and computer labs, and the experiment lasted approxirbatelynutes to
approximate the length of one class per@dring that time, students interacted with five
animationbased lesson activities relating to the topic of glaciers, and some of threrasked
to use the gamified system to review the content by answering the qudstiaadition, all
studentcompletediller tasks to equalize the timeline from learning among all groups

Student participants were randomly assigned to three treatrsbotgn(inTable3). The
first group usdnongamified animatioandwas the control groypvhile each consequent
treatment became progressively more gamified. After the instruction, all students participated in
3 min of filler tasks by discussingvhat they foundaceto-face in ordeto equalize the timeline
from learning activities to pogést among all groups. Students in the second group elaborated on
what they learned to compare the effect of social interaction among studimbstia third
group. The results can identify whether the effect of social gamification could lead to
i mprovement rel ated t o,wkidhwalldimtus énhancetheii nsi ¢ mo
learning performances.

After undergoing the treatments, atbgps took a pogest with the same materials used
in the pretest to determine the effect of animation, gamificadioa social gamification on
studentsdé | earning performance. The three gro
the level of the motivation and cognitive engagement acribesthree instructional methods;

the mean scores of these surveys were later analyzed.
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Table3

Research Design

Group Treatment

Experimental group 2  Socially Gamified Animation (incldes animation, game, reward
system, and online chat room)

Experimental group 1  Gamified Animation (includes animation, game, and reward

system)
Control group Animation
Research Instrument
This study conducted a prand postest to investigatestednt s 6 | earni ng per

under the three different treatments. The results of the data analysis verified the effect of
gamification and social interaction integrated in a digital animdiased eLearning application,
whose purpose was to improve studedt s ci ence achievements in onl
instrument washe MSLQ,a selfreported questionnairgsedto assess studedtsotivational
orientations and their use of different learning strategies for course activities (Pintrich, 1991).
Thising r ument was used to measure participantso
engaging in learning activities mediated by either gamified or nongamified instructional
applications.
Pre- and posttest A pre- and postest was used to compare whetherube of social
gami fication could facilitate studentsd under

gain score from pretest to pdsst between the three experimental groups was used to
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investigate the effectiveness of social gamificatiorwatgard to learning performance; in
particular, the researcher sought to compare theapepostest scores of the social

gamification experimental group with the other two experimental groups representing the other
two instructional methods.

The learing content in the animation was designed by Cheri Hamilteh ISutreach
coordinator at CReSJ$lamilton also helped designed the-paad postest based on the
content of the animation. Subsequently, she created a scoring rubric model servingagera stan
to assess studentsodo answers. By comparing the
researchecoulde val uate which instructional met hod ha:
understanding of glacier science. The-aed postest and scoring hrics can be found in
AppendcesB, C, and D.

Motivated Strategies for Learning Questionnaire (MSLQ) The second instrument,
the MSLQ, was used to measure studentsdé motiyv
survey was developed by professors at thev&isity of Michigan and is accessible online at no
cost (Pintrich, 1991).

This instrument includes items that assess
used during the learning process (Dewey, 1925; Pintrich, 1991). Statistical and psychometri
analyses have shown that MSLQ has a good inte
most individual scales are greater than .70). Furthermore, the subscales of the MSLQ correlate to
academic performance, which indicatiee predictive validity bthis instrument.

Although the MSLQ was initially developed for testing college students, it was later
adapted and used with middle school students (Fredricks et al., 2011), who are the target subjects

for this researctBecause olimited experimental ine, this study condensed the MSLQ survey
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into a 25item survey. The modified version of the measure, including items and subscales, are

presented in Appendix E.

Analysis

The data collected in this study included (1) the scoreéleyre- and posttess of
students6 | earning performance to verify the
modified MSLQquestionnair@ddressing motivation and cognitive engagement related to
learning glacier science content as corresponding to participahia afitthree levels of
gamified animatopand (3) the | og files capturing the s
the gamifiedanimation. Tle data wvereanalyzed to verify the use of structural gamification in a
multimedia instruction to promote seich t s 0 e mto imprave teeir l@arnthg
performances in eLearning situations (showFRigure 8).

The following statistical methods were used to analyze this Tagproposed analysis
method for the preand postessofst udent s®é understanding -0of cont
way analysis ofariance (ANOVA) and ongvay multivariateANOVA. With a tweway
ANOVA, in addition to the comparison of gain scores across three instructional methods, this
statistical method caalso verifywhetherthere was a gender effect on participastores.
Another oneway multivariateANOVA was conducted to evaluate the effect of the three
instructional methods aeretention and transfer tesiThe retention testomprisegjuestion
items t hat evaluate student s 0 Thetransfeitdstexamineso r ec a
studentso6é abilities to apply |l earning materi a

could assist the researcheifurther understandg what kindof learning effects that social
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gamification can promote: remembering or understandiabgle4 summarizes the distinction

between two kinds of test questions items in this study.

Table4

Two Types ofTed in This Sudy

Learning Ability Definition Test Question items
Remembering Ability to recall the Retention test Question 1
learning content Question 3
Question 4
Understanding Ability to apply Transfer test Question2
learning materials in Question 5
newsituations Questiam 6

* The descriptions of the question items is showAppendice<C and D

Study 2focused on comparintpe different levels of motivation and cognitive
engagement between the three instructional metA@dsnsuraghatthe modifiedMSLQ survey
could accurately measure studentsdé emotional
factor analysis (CFA) in data analysis to adjust this measurement,whdtei confirms the
predicting power of the categories and items in the M3\L€Xt, this measurement model with

the variable of instructional methods was used to evaluate whether there was any significant

di fference related to studentsd motivation an

methods of instruction.
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Thefinal research analysis examined the relat
reactions to their participation in the eLearning applications and their test Samatermine
whetherpositive emotion could lead to advanced learning performastasturalequation
modeling (SEM) was used to model the measurement of the MSLQ survey and the observed
vari abl e o ftestsconed Iéthetresudts op presidus studies verified that the different
|l evel s of gamificati on iang,thieresearclsetvould @mdticcad e mot i
follow-up analysis to examine whether the motivation and cognitive engagement thimong
three instructional groups would result in different learning achieveniardsrrelating the
findings of suctafollow-upanalyg s wi t h studentsd6 test scores a
could provide even greater persuasive evidence related to the potential of social gamification in
elLearning tool to promote positive emotions that lead to better learning achievement in science

eduation.
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Study 1: The assessment of content knowledge based on the three instructional methods.

Study 3: The analysis of the relationship between students' psychological orientgtions
and learning performances.

A\
iy

Study 2: The assessment of emotional reactions across the three instructional methods.

Figure 8. The structure of the three assessment.tests

Quality Assurance

The scores on prand postessand studentsdé surveys were ke
during the analysis pr&€Rkess Si.n Thiee |l ogséal elsemn
accounts, game scores, and conversations in the online chat room were directly downloaded from
the server and saved in the researcherdéds comp
were decrypted to compleygbrotect student privacwyfter all of the collected data was added
into the SPSS syste(tBM Corp.,2013 or R packagecalled lavaar{Rosseel, 2012Jor data

analysis, the original dataerekept in the locked closet in the office until the research wa
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completed. When the research was completed and the degaaMonger neededhe data were

shredded and burned.
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Chapter 4: Results

The purpose of the present study was to create evidence to support the use of social
gamification. Datadriven educatiorigractices necessitate such research to affirm the perceived
need for social gamification in developing multimedia instructions f@2kKoolar science in
online settings. In order to reach #erementionedbjectives, three studies were undertaken.
Study 1 was conducted to examine the instructional effectiveness of social gamification on
studentsod content knowl edge. Th eothertgpesob | gami f
instructional methods, gamification and nongamified multimedia instructieeeiwhetherthe
i mpl ementation of this instructional strategy
scienceStudy2e x ami ned studentsod moti vateaemmedand cogni
whet her there were si gni fpsychelogical statufeEwherences be
receiving three methods of content delivery. The final analysis considered whether there was any
relationship between studentsdé | earning perfo
findings could assist researcherglarifying whether the positive emotions such as motivation
and cognitive engagement, which students gained during the learning process, could produce
better learning outcomes. Thabsequentesults of these studiesuldyield recommendations
for the implenmentation of social gamification within potentially useful eLearning technology for
science education.

To better describthethree studies and the results, this chapter is presented in three
sections. The first section summarizes the methodology stulkés. The second section

analyzes each of the studies and applies the results to answer the research questions. The third

section ends with the summary of the results across the three studies.
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Summary of Methods

This study involved collaboratiswith afterschool programs engaged in partnerships
with CReSIS at KU in Lawrence,a8fsasThe student samples for the study wiergth to
eighthgraders. Students took a pretest and then learned the content of polar science through one
of three multimedia irtsuctions. After the instruction, they took a ptes$t and a modified
version of MSQL survey to assess how much content knowledge they learned and what their
emotional states were while using these instructional tools.

The col |l ect ed dsadres oniprmand postlest arsdttha M Q sus/éy.
The data were anal yzed #andpbsiiestsceressivere gnalyzedkoi r st
determinewhetherthe premise that the eLearning tool integrated with the instructional strategy
ofsocid gami fication could i mprove studentso | ea
original instructional tool and the gamified tool without social function. Second, to answer the
research questions related to the emotional effect of social gamificatonand e nt s 6 | ear n
experiences, the survey results were used to investigate the differeacesu d e n tt®rd mot i v a
and cognitive engagemetdnditions under three conditions corresponding to the use of these
three instructional methods. Next, the suraey test scores were analyzed by conducting a SEM
to determine whether studentsd psychol ogical
which is the premise behind the use of social gamification; this research sought to determine
whether social gmification could yield improved learning outcomé&ke esults of preliminary
data analysis fathethree studiethatanswer six research questions are reported in the following

sections.

Descriptive Statistical Report
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The study invitedtotal of 112 students to participate and randomly assigned them to
one of three instructional methods to learn basic knowledge of glaciers: 34 students experienced
the animation to learn glacier science, 40 students learned the same content through the
animation and th online game, and 38 students used the animation, the online game, and the
online chat room to | earn the s ame-identdiest ent .
within the surveys, the distribution of participants in the study was 47 boy2ands5(13 sets
of missing data) from 8 td4 years oldn Grade 4 toGrade 8. Out of these 112 students, 97
students reported their racial/ethnic backgrounds. The participants in this study were diverse:
Whites accounted for 2980f the entire group. @er racial/ethnic minority groups, including
Black/African American (26 %), Asian (20.66), Hispanic (4.%), Native American/American
Indian (5.26), and other racial/ethnic groups (1%) accounted for approximately 7@olof the
entire groupTable5 presents the racial percentage of distributions of population by gender for

each experimental group.

Table5

Distribution for each gender by race/ethnicity among three instructional methods

BroadRacialEthnic Group1(%) Group2(%) Group3(%)
Groups Boys Girls Boys Girls Boys Girls
White 63.6 23.5 36.8 35.7 6.7 26.3
Black/African 0 5.9 5.3 0 13.3 0
American

Asian 0 52.9 31.6 35.7 20.0 15.8



64

Hispanic 9.1 5.9 10.5 7.1 0 0
Native 27.3 11.8 10.5 214 26.7 31.6
American/American

Indian

Other racial/ethnic 0 0 5.3 0 33.3 26.3

groups

Note Data are from a 1080 random sample of studentsamoys and Girl ClupLawrence,

Kansasanda Chineseschool in Kansas City, Msouri

Regarding the collected data of pamd postess and the survey, 17 students (15.2%)
did not complete the pogest and 25 (21.9%) students did not finish or return the survey.
Therefore, the final valid data for the pe:d postess were95 (84.8%) and 89 (78.1%) for the
survey.Becausethe following data analysis required both test scores and survey results, this
study only considered 89 sets of data that included both test and survey scores.

Other collated data from the online chhabm showed that there were 264 messages.
After cleaning the log files, only 48 message contents (18.18%) were related to learning
materials of gameplay. Specifically, of these contefdted messages, only 23 messages from
eight students were asking or answering the questions to win the game. Mestaif\brsation
seems inconsistent and arbitrary. These types of chat histories did nahassstarchein
verifying the exchange of conversation for any particular learning styles mediated by social
interactions irmnonline chat room. Therefore, thstudy did not include the data of log files in

the online chat room for data analysis.



65

Results of the Data Analyses for Study 1

Descriptive statistics. Study 1 attempts to verify the effect of social gamification in
studentso6 | ear diomdkimegr fadr méirec eesh alnggdepsstebtet we e n
scores under three instructional methods: online animation (control group), gamified animation,
and socially gamified animation. A total of 89 out of 112 students successfully completed both
pre- and postests. Within these valid sets of data, the online animation group comprised 30
students (18 females and 12 males), the gamified animation group comprised 29 students (11
females and 18 males), and the socially gamified animation group includtad@dts (17
females and 13 males). After receiving the instructions, 89 students had a mean score of 3.98
(SD = 2.76) of improvement from pretest to ptesit. Scores of 3.07 (SD = 2.20), 3.69 (SD =
2.83), and 5.17 (SD = 2.85), respectively, represethidnproved mean scores of the animation
group, the gamification group, and the social gamification group. When considering the gender
differences, the means and standard deviations for the three experimental groups of each gender
were modified and represted inTable6. The mal esd® means and standeze
the gamification, and social gamification gro
students had higher improved scores than males only in thetemrgeoup; however, the initial
results gave us an indication that there might be differences between instructional methods and
learning performances while also considering the gender differences, but we cannot affirm these

differences were statisticalgrgnificant.
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Table6

Means and Standard Deviations for Gain Score from Bnel PostTess

Girls Boys
M SD M SD
Animation Group 3.44 2.28 2.4 2.06
Gamification Group 5.18 2.99 2.82 2.43
Social Gamification Group 4.76 3.27 5.70 2.21
Note.M: mean SD: standard deviation
According to the first analysis, we realiz

for theposttest were improved across all three instructions. The following analysis was
conducted to verifyvhethe these changes were statistically different between three instructional
methods. In addition, this study also explored the gender effect on the change of mean scores
from pre and postest across the three instructional methods. Finally, this studydaikee
interaction effect between gender and instructional methods to wdré@gherthe means on

change in gain scores amahgthree instructional methods vary as a function of gender.

The effect of social gamification on boy andgirl st u d e testssofes To answer the
previous questions, a 3x2 ANOVA was conducted to evaluate the effects of the three
instructional methods and gender on score improvement from thanar@ostest. Two
independent variables occur in this study, gender and theitistegctional methods, including
the animation (the control group), the gamified animation, and the socially gamified animation.
The dependent variable was the score change from thtoppesttest. The ANOVA indicated

no significant interaction betweémstructional methods and gender, F(2, 83) = 3.01, p = .06,
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partial 2 = .07, while also no significant main effects for gender, F(1, 83) = 2.11, p = .15,
partial 2 =.03; however, a significant main effect for instructional methods occurred, F(2, 83) =
5.64, p < .01, partial 2 = .12. The effect size index?2 indicaed that there was a medium

strength of relationship between the instructional methods and the gain scores from pretest to

posttest.Table7 summarized the results of the 3x2 ANOVA.

Table7

The3x2 ANOVAResults forGain Score bylnstructionalType andGender

Source of variance df F ratio s?2 p-value
(A) Gender 1 2.11 .03 15
(B) Instructional methods 2 5.64 A2 .005*
A x B (interaction) 2 3.01 .07 .06
Error 83

*P<.05

Note. df degrees of freedom.

Because the ANOVA showed significant differences in gain score after recdiging t
instructions, followup analyses to the main effect for these three instructienscenducted to
examine which method of multimedia i mplementa
performances. The Tukey HSD procedure was used to control p@GEyror across the
pairwise comparisons. The results of this analysis indicate that the group under the socially

gamified animation improvethe posttest score significantly more than either the gamified
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animation group or the control group without expeaing any gamified strategies in the

animation.No significant difference between the control group and the gamified animation
groupexisted, howeverOverall, the 832 ANOVA indicates the superiorityf the instructional

method of social gamificationima onl i ne ani mati on to I mprove st
performances. Results of the Tukey plost analysis are describedTiable8. The average

mean score of social gamification group was 530 £2.85). The score was relatively hegy

than the scores of animatiod € 3.14,SD= 2.20) and gamification group(=3.75,SD =

2.86).

Table8

Tukey HSD Comparison f@ihreelnstructionalMethods

95% ClI
Comparisons Mean Lower Upper
SE p-value
Difference Bound Bound

Animation \versusgamified

1.612 .67 .36 11.95 71
animation
Animation \ersts socially

12.03 .66 .002 13.42 1.78
gamified animation
Gamifiedanimation \ersis

11.42 .67 03+ 12.81 1.15

socially gamified animation

*p<.01,* p<.05

Note.Cl: confidence intervalSE standard error.
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The effect of social gamification on advancedlearning skills. The next analysis
examined the means of the improved gest scores to verify which types of learning skills
increased in the case that st ude nachsobthetheest sco
instructional methods. The design of the question items of theupdepostest comprised two
categories: retention test and transfer test. The retention test included questions 1, 3, and 4 and
were used to t es tntadtdrthairstnuctiond The teacsker tdst camiprisedo nt e
guestions 2, 5, and 6, which were used to examine the ability to apply what the student learned to
related problems. The relationship between these two types of tests and three instructional
methods camssist researchers in understanding whether the proposed instructional strategy of

social gamification in comparison to other two instructional methods could better promote

studentsod higher |l evel of <criticaiffererithi nki ng t
problems in online | earning environments, or
of social gamification was superior tada the im

Thus, this analysis involved evaluating the differerafggain scores from prend post
test on retention and transfer questions in learning among three instructional methods. In this
case, a onwvay multivariate analysis of variance (MANOVA) was conducted in order to
determine the effect of the three typésnstructional strategies (animation, gamified animation,
and socially gamified animation) on two dependent variables, the recall and the transfer test
scores. The results showed that there were significant differences among the three instructional
stratgg i es on dependemt.8HFalg) ¥ 284p < .0WThe kudtidasates?
based onrwaddrelatkvedyGmall, .063. This effect size index indicabed6% of

multivariate variance of dependent variables, which are the recall and the transfer tesascores,
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associatd with the instructional method$able9 andTable10 contain MANOVA results and
the descriptive statistics for the means andstaadard deviationsn the dependent variables for

the three instruction@roups.

Table9

Means and Standard Deviations on the Two Dependent Variables for the Three Groups

Retention Transfer
InstructionalMethods M SD M SD
Animation 1.97 1.52 1.10 1.30
Gamifiedanimation 1.93 1.80 1.76 1.81
Socally gamified
2.77 1.72 2.40 1.89

Animation

Note.M: mean SD. standard deviation

Table10

MANOVA Results

Source Wi | ks F Ratio df s2 p-value
Gain Score .88 2.84 4 .063 .026*
*p<.05

Note. df degrees of freedom.
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The ANOVA on the two dependent variables were conducted as faifptests to the
MANOVA. Using the Bonferroni method, each ANOVA was examined at the .025 level. The
ANOVA on the gain scores of transfer test was signifida(g, 86) = 4.48p < .025,s?= .094,
which indicated that the instructional method
score from the preand postest on transfer question itepi®wever, the ANOVA on the
retention test group was marginally significd?, 86) = 2.36p = 1.00,s2= .52.

Posthoc analyses to the univariate ANOVA for the scores of transfer questions consisted
of conducting pairwise comparison to find which instructional method influenced performance
most profoundly. Each pairwise comparison was tested at thelixd@8d by 3 or .017 level.

The social gamification group produced significantly superior performance on the transfer test
guestionsi = 2.40,SD= 1.89) in comparisons wititne animation groupNl = 1.10,SD= 1.30)
however, the difference between thean scores of social gamification and gamification groups
was nonsignificant. The gamification group and animation group were not significantly different

from each other (SeEablel1l).

Tablel1
The95% nfidence Intervals of Pairwise Differences in Mean Changes in Retfiesband

TransferTest

Retention Test

95% ClI

Mean p-value Lower Upper
Comparisons SE
Difference Bound Bound
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Animation \ersts gamified

.04 43 1.00 11.17 1.24
animation
Animation versts socially
1.80 42 21 11.96 .36
gamified animation
Gamifiedanimation \ersis
1.84 46 .18 1211 1.44

socially gamified animation

Transfer Test

95% ClI

Mean Lower Upper

Comparisons SE p-value
Difference Bound Bound

Animation \ersts gamified

1.66 41 41 118 48
animation
Animation \ersts socially

11.3 42 .01* 12.46 1.14
gamified animation
Gamifiedanimation \ersts

1.64 48 44 11.98 1.70

socially gamified animation

*The difference in means is significant at the .017 significance

Note. SEstandard error; Cl: confidence interval.

Discussion for Research Question 1 and Question 2
The first research question attempts to verify the hypothesis that the implementation of
social gamification as an instructional strategy could imprbgesffectiveness of current

CReSI'S animation in promoting students®sp cont e
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guestion further examines whether this effect
critical thinking and knowledge cotngction or on their rote memorization of the content.

Researchquestion 1 This question addressed the differences between male and female
student s 0 -and postests after expgrieneing lessons involving either animation,
gamified animationgr socially gamified animation. A 3x2 ANOVA indicated that gender
difference was nonsignificant, but the use of different content delivery methods yields different
|l evel s of i mprovements related to studentso t
hypothesis that the implementation of social gamification in an online animation can improve
fourth to eighth gradersodé6 content knowledge o
original animation and the gamified animation without social function.

Researchquestion 2 The second question looked at the instructional effect of three
instructional methods (animation, gamification, and social gamification) on retention and transfer
tests. This latter test focused on knowledge transfer as a learmaigle;, which is a major
concern in improving the effects of educational practices (Love, 1985). Knowledge transfer is
thought to be able to foster studentsd critic
learning materials to resolve new pramis. Therefore, this study hypothesized that the social
gamification based on gani@sed learning and SDT can better support this learning skill and
assist students in applying newly gained knowledge to various situations.

Following the %2 ANOVA, the resarcher conducted a MANOVA analysis for this
guestion. The results indicated that there was a statistically significant difference between
studentéscores on transfer tasiased on instructional methods. The pairwise comparisons
between each group indieal thathe social gamification group outperforms the animation

group, but other comparisons were nonsignificant. In this case, the current findinabypart
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support the hypothesis that the use of social gamification in comparison to animation can better
i mprove studentso6 high | evel of cognitive ski

transfer.

Results of the Data Analyses for Study 2

Descriptive statistics. Study 2 received the data from the modified MSLQ survey from
112 students in fourtHifth, sixth, seventh, or eighth grade between November 2015 and
February 2016. Of the 112 received surveys, 89 (79.5%) were fully completed by fourth to
eighth graders. Of these, 23 were not used in the study for the following reason: their surveys
were aypical, containing information that appeared to report the data without thinking. If
students did not complete either the pretest orfgsst their survey scores were not used.

Interpretation of MSLQ scores. In this study, we modified the original vess of the
MSLQ survey and selected 25 of the original 4
psychological statuses. The modified MSLQ survey with 25 items was used to represent the five
criteria in the motivation and cognitive engagement coatsfiable12). According to the
manuscript of the original MSLQ survey, the average score of this instrument, as well as the
breakdown of the scores for the bottom 25%, middle 50%, and the top 25%, can be used to
evaluate studemis mot i vati on and cognitive engagement |
on MSLQ survey were lower than the average, students could be less engaged or motivated in

this course when compared with other students in class, and vice versa.
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Tablel2

The 25ItemMSLQSurvey

Motivation Cognitive Engagement
Criterion Item Count Criterion Item Count
Selt-efficacy 5 Cognitivestrategy 5
use
Intrinsic value 5 Selfregulation 6
Testanxiety 4

Study 2addressedifferences in mtivation and cognitive engagement scores concerning
the use of social gamification in multimedia instruction. The first analysis of the data examined
the mean score differences of motivation and cognitive engagement scores between three
instructional methds. Overall, the results of the descriptive statistics showed that the social
gamification group had greater mean scores in motivalibn $.26,SD= 1.18) and cognitive
engagement\ = 5.42,SD= 1.06) than gamificationM = 5.02,SD= 1.24M = 5.18,SD= 1.24)
and animation group®/ = 5.05,SD=1.21M = 5.31,SD= 0.99) did.Table13 presents the
means andtandard deviatioof motivation and cognitive scores as corresponding to the three

instructional methods.
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Table13

Means and Standard Deviations for Motivation and Cognitive Engagement Scores of Each

Instructional Method

Animation Gamification Social
Gamification
M SD M SD M SD
Motivation 5.05 1.21 5.02 1.24 5.26 111

Cognitiveengagement  5.31 0.99 5.18 1.24 5.42 1.06

Note. M mean;SD. standard deviation.

The factor validity of the modified MSLQ scales Before using the collected data from
the modified version of the MSLQ survey for follayp analysis, it is essential to assure that this
suivey has the same predictive power that the original version has. Fien2Survey should
be able to precisely measure the levels to motivation and cognitive engagement while also
reducing measurement errors. To ensure this questionnaire is a validenessitool, a
confirmatory factor analysis (CFA) model was proposed to verify the validity and reliability of
the 25 indicators (14 for measuring motivation variables and 11 for measuring cognitive
engagement variable) in this modified version of the MSu@ey.

The lavaan packageThere are many software packages designed for CFA, and each
software program provides slightly different pieces of information and supports certain types of
estimation method, so it is reasonable to include the softwareaiuph in the report section to
better explain the results (Schreiber, Nora, Stage, Barlow, & King, 2006). This study selects the

R package, called lavaan, for analyzing latent variable modeling including CFA and SEM. This
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package is free, but its commexicguality application can support multiple estimation methods
such as path analysis, factor analysis, and regression coefficients (Rosseel, 2012).

Model fit assessmentWhen conducting a CFA, moddéata fit is of utmost concern. It
can assist researcheénsdeterminng the significance of the instrument acahtell how well it
fits to the collected data. If the model does not fit the data, parameter estimates may be biased
and standard erro(SEs) of estimates also could be biased, so the inferences fraad the
model would be incorrect. Therefore, this study first assessed the model fit with the lavaan
package to determine the significaméehis two-factor model an@rsures thatthe model
adequately fits the collected data.

When conducting a CFA with this research, it was decided that if the construct of the
25-item survey fits the collected data wellese 25 items could best represent and measure two
latent variablesmnotivation andcognitive engagementVarious indice®xistthat could be used
to evaluate whether the proposed measurement model outperforms the saturated model (Hooper,
Coughlan, & Mullen, 2008). This study selectadfive most widely reported fit indices, model
chi-s g u a?%, @ompacative Fit IndexCFI), TuckerLewis Index (TL), root mean square error
of approximation (RMSEA), and standardized root mean square residual (SRMR) for assessing
the model fit. The results of the following fit indices reported that this model did not fit well. The
mo d € testesl the null hypothesigd found that this model fits equallyttee saturated model.

In other words, this model did not fit better than the saturated model, which aligns with the
results ofthe Chi-Square test of model fit. Another two indices, CFI (0.668JTLI (0.637)
wereboth smaller than .95, which repdtinatthe model did not fit well. In addition, the model of
RMSEA (.109 > .05) and the SRMR (0.128 > .08) indic#itedithe model did not fit well. Due

to the misfit model, we cannot use the data of this survey to nmgkiefarences.
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Model modification. Because this twiactor model did not fit well the 14 items for
motivation variables and 11 items for cognitive engagement variables, the researcher examined
the normalized residual covariance matrix to find which itezsslted in the misfit. The items
with larger significant normalized residual covariance are usually problematic and will cause the
misfit, so they should be removed from the model. To improve the model fit, the items with
significant normalized residuabeariances larger the +2 were removed. With this standard, eight

items were dropped, which were considered as problematic in this riiatés 14).

Table14

Eight Removedtems withLarge Sgnificant Normdized ResidualCovariances

Survey Item Number of
Significant
Normalized

Residual

Covariances

2. 1 am so nervous during a test that | cannot remember facts 4

have learned.

5. Compared with others in this class, | think | am a good stud 2
7. | havean uneasy, upset feeling when | take a test. 7
13. I worry a great deal about tests 8

14. When | take a test, | think about how poorly | am doing. 4
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17. Itis hard for me to decide what the main ideas ateeiigame 6
| just played.

18. When work idard, | either give up or study only the easy 5
parts.

23. I find that when playing the animation and glacier games, | 7

think of other things and dc

After droppingeightmisfitting items with larger residual caxance, the model fit
indices indicated thahe new construct of the model fitted the sample data well and became
capabl e of measuri ng TablelSpmvidesad overview dfifitondices ¢ h an

for the assessmeat model fit for the new 1-tem survey.

Tablel5

Thelndices ofGoodness ofFit in the CFA Model

N ¢ CFlI TLI RMSEA SRMR
(df=136)

89 154.052, 0.929>.90 0.918>.90 .059<.08 .071<.08
p=.014>
.001

Note.c% model chisquare CFl: Comparative Fit IndexTLI: TuckerLewis Index RMSEA:

root mean square error of approximatiand SRMRstandadized root mean square residual
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This new construct of the survey provided us withree-item analysis for motivation and
aneightitem analysis for cognitive engagement. The following of these final 17 items included
in the survey aligns the objectivekthe original MSLQ survey while also retaining its factor
validity to measure student sTablefbh Tablelat i on and
presented the means astdndard deviationof each quegin item in the final 14tem MSLQ
survey. The mean arsandard deviatioof item08 was relatively higher than the other isdor
predicting student motivatiomtem?25 was relatively higher than the other géan predicting

student cognitive engagement

Table16

TheFinal 17 Indicators toMeasureS u d eMuotivation andCognitiveEngagement

Motivation

Self-efficacy 3. I dm certain | can under st a
6. | can do an excellent job on the problemd tasks assigned for
todayods cl ass.

11. Compared with other students, | think | know a great deal ab«
todayds subject.
12. | know that | will be abl

Intrinsic value 1. | prefer class worthatis challenging sd can learn new things.

4. | think I will be able to use what I learn in this class in other

clases




8. Even when | do poorly on the exit questions, | try to learn from
mistakes.

9. I think that what | am learning in this class is useful for me to
know.

10. I think that what we are learning in this class is interesting.

Cognitive Engagement

Cognitive

strategyuse

Selfregulation

15. When lcompletethe exit questions, | try to put together the
information from the animation and from the gameplay.

19. When | studyl put important ideas into my own words.

20. | always try to understand what the animation is teaching eve
it doesndt make sense.

21. When | answer the exit questions, | try to remember as many
as | can.

16. | ask myself questiorie make sure | know the materials | have
been studying.

22. Even when study materials are dull and uninteresting, | keep
working until | finish.

24. When | am playing the animation, | stop once in a while and ¢
over what | have read.

25.lworkhardtg et a good grade even

classroom activities

81
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Tablel7

Means and Standard Deviations for Student Motivation and Cognitive Engagement Scores

Motivation

M SD
ltemO1 4.96 1.65
[temO03 4.72 1.65
Item04 5.17 1.65
Item06 5.28 1.59
[tem08 5.57 1.46
[tem09 5.22 1.90
Item10 5.13 1.86
lteml1l 4.84 1.74
ltem12 5.09 1.78

Cognitive Engagement

M SD
[tem15 4.75 1.72
ltem16 4.84 1.74
ltem19 5.09 1.64
[tem20 5.40 1.60
ltem21 5.66 1.61
ltem24 5.18 1.47
ltem25 6.02 1.23

Note. M meansSD: standard deviation.
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Each item had a statistically significant factor loading and the standardized factor
loadings ranged from .812 (item22) to .318 (item1). The model path diagram presents the model
based parameters for $hCFA modeFigure 9). In this path diagram, two latent variables,
motivation andcognitive engagement, were represented in two cirClég 25 survey items as
observed variables are shown as squares. Arrows with one head neeaeftictsand they
ranged from .81 to .32. Arrows with two heads represent covariance of the value 0.68 between

two latent variablesgognition andmotivation.
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Figure 9. CFA modelpathdiagram

The differences of MSLQ scors between three instructional groupsThe previous
section described the building process of the CFA model for the modified MSLQ survey to
ensure the validity and the reliability of th
cognitive engageménThe next step was to add instructional variables to this measurement

mo d e | to examine the relationship between ins





















































































































































































































