Playing to Win: Applying Cognitive Theory and Gamification to Augmented Reality
for Enhanced Mathematical Outcomes in Underrepresented Student Populations

TeAirra Monique Brown

Dissertation submitted to the faculty of the Virginia Polytechnic Institute and State
University in partial fulfilment of the requirements for the degree of
Doctor of Philosophy
in

Industrial and Systems Engineering

JosephL. Gabbard, Chair
JeremyV. Ernst
Anita Franklin

Nathan Ka Ching Lau

May 21, 2018
Blacksburg, VA

Keywords: Augmented Reality, Cognitive Theory of Multimedia Learning, Gamified
Learning Application, Cognitive Load, Mathematics

© by TeAirra M. Brown



Playing to Win:Applying Cognitive Theory and Gamification to Augmented Reality for
Enhanced Mathematical Outcomes in Underrepresented Student Populations

TeAirra Brown
ABSTRACT

National dialogue and scholarly research illustrate the need for engaging science, math,
technology, and engineering (STEM) innovations #hXenvironments, most importinin low-
income communities (Presidentés Council of A
According to Educating the Engi rseoeportray BSTERMO 2 0, |
in ways that seem likely to excite the interest of students from a variety of ethnic and cultural
backgroundso (Phase, 2005). The National Educ:
of the most powerful ways to transform angprove k12 STEM education it to instill a culture
of innovation by leveraging cutting edge technology (Polly et al., 2010). Augmented reality (AR)
is an emerging and promising educational intervention that has the potential to engage students
and transfam their learning of STEM concepts. AR blends the real and virtual worlds by
overlaying computegenerated content such as images, animations, and 3D models directly onto
the student 6s vVisakrepekentations of STEEM Iconcems ubifdypkoduce
new educationalearning opportunities, for example, allowing students to visualize abstract
concepts and make them concrete (Radu, 2014). Althevigence suggests tHatarning can be
enhanced by implementing AR in the classroom, it is important to take into account how students
are processind\R content Therefore, this researcimsto examine the unique benefits and
challenges of utilizing augmented reality (AR) asugplemental learning technique to reinforce

mathematical concepts whidencurrentlyr e s p o n d i n gcognitive detmandse nt s 6



To examine and under stand how cognitive
processing and cr eat i oGognitive Theaywof Mulinedid leearrgng May
(CTML) is leveragd as a theoretical framework to ground the AR application samporing
research Al s o, to enhance studentsd engagement,
elements (e.g. rewards and ledmbards) into the AR applications. This research iappl
gamification and CTML principles to tablbised gamified learning AR (GLAR) applications as
a supplemental tool to address three research objecfillesnderstanding the role of prior
knowledge orcognitive performancg?) examining if adherence to CTML principles applto
GLAR, and (3) investigating the impact of cognitive style on cognitive performance. Each
objective investigates how the inclusion of CTML in gamifying an AR experience ictgen
studentsoé percept i on GLlAR affects grremhainces their adilify o créeake a n d
new knowledge.

Significant resultsfrom objectiveone suggest(1l) there were no differences between
novice and experiencadReabuvdert sd udasaltesriinge ® nt e
gains can be improved through interaction with GLARjectivetwo found thahigh adherence
to CTMLOGs principles was eff ect,iandd2) imgroviggl) | ow
GLAR performanceThe key findings ofobjectivethree are (1jhere was no difference inB
studentsod6 cognitive | oad whenpands@bothé&ElDand&D coher

students had contebaised learning gains after engagement GitAR.

The results of is research addo the existing knowledgeasefor researchers, designers
and practitioners to consider when creatjagnified AR applications. Specifically, this research
providescontributions to the field that include empirical evidetecsuggest to what degréad ML

is effective as an ABasedsupplementapedagogical toolfor underrepresented students in



southwest Virginia And moreover, offersempirical data on the relationship between
underrepresented t udent s 6 p eof GLARancitdsi bmgpraefti tosn st udent s
load. This research further offerecommendations as well design considerationgegarding

theapplicability of CTML wha developindsLAR applications
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GENERAL AUDIENCE ABSTRACT

The purpose of this resehris to examine the unique béteand challenges of using
augmented reality (AR) to reinforce underrepresented stuentha t h whiterolesenpng s
how their process informatiorGa mi f i cati on and Mayerds Cogni't
Learning (CTML) principlesare appliedto createtabletbased gamified learning AR (GLAR)
applications to address three research objecti¥eanderstanding the role of prior knowledge on
cognitive performancé?) examining if adherence to CTML principles appto GLAR, and (3)
investigating the impact of cognitive style on cognitive performance. Each objective investigates
how the inclusion of CTML in gamifying an AR
cognitive effects and ho®LAR affects or enhancesein ability to create new knowledgéhis
researcloffersrecommendations as well design considerationegardingthe applicability of

CTML when developingsLAR applicationgor underrepresented students in southwest Virginia
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1 Introduction

1.1 Statement of Problem

National dialogue and scholarly research illustrate the need for science, math, technology,
and engineering (STEM) innovations in1R environments, and more importantly, its need in
low-i ncome communities (President 6 shnolbgyu20x2). | of
Today, success of loamcome children in public school is difficult to achieve. A 2008 report
submitted by the House Bill 2722 Advisory Con
designed to educate the diversity of studentscdrrgnt i n publ i ¢ school s. 0 ASs
between various socioeconomic groups of students is known as the achievement gap. This issue
encompasses many problems such as the lower achievement level tiiatdoe students
demonstrate in subjectsaduas reading and mathematics. One of the initiatives implemented to
close the achievement gap is the No Child Left Behind (NCLB) Act of 2002. The goal of NCLB
was to monitor studentsdé progress toward ach

assesments, and to hold schools accountable for the results (Thompson, 2007; NCES, 2011).

Despite remarkable efforts and safeguards such as NCLB, the achievement gap remains
present due to key differences between the educational communities of undersertegh-and
income studentsNCLB Act, 200). A pivotal difference between these communities is the
engagement and cognitive development (or lack thereof) for students to achieve expected goals.
Therefore, researchers must continue to develop interventions to close the achievement gap to
address tbse differences. The National Educational Technology Plan of 2010 believes that one of

the most powerful ways to transform and improv&@ XSTEM education it to instill a culture of



innovation through technology use. Research suggests, moving forwamdethaed to leverage
cuttingedge technology to engage students and ensure their development of STEM capabilities
reach levels beyond what was considered acceptable in the past (Rosenberg, 2005). Utilizing
technology is an educational intervention thagisffgreat promise at effectively promoting student
achievement and closing the gap. One of these emerging and promising learning technologies is
augmented reality (AR), which according to the 2010 Horizon Report, has the potential to impact

learning and &nsform students' learning experiences (Johnson, Larry, Smith, & Stone, 2010).

AR blends the real and virtual worlds by overlaying compgarerated content such as
i mages, animations, and 3D models diroffaast | y on
great promise by leveraging the unique blending of virtual objects and the real world to produce
new educational opportunities by, for example, allowing students to visualize abstract concepts
and make them concrete (Radu, 2014). AR could increragagement and positively impact the
cognitive processes of students if it is waisigned (Dunleavy, Dede, Mitchell, 2009). The visual
representations of concepts using AR produce learning gains that are difficult to achieve in other
educational technotpes (Wu et al., 2013); however, there are some limitations and drawbacks

that should be addressed if we want to leverage AR in th2 &vironment.

Some of the potential challenge researchers face are creating authentic AR learning
environments,engagin st udents beyond the novelty effect
Cognitive loadss the total amount of mental efforandbr information thathe working memory
can holdat a given time (Sweller, 1988; 2010). According to Haslma and Hamiltor0),201
understanding how students learn and how their cognitive load can be affected is essential when
designing learning technology. Currently, AR learning applications are not driven by pedagogy

but more by the strengths and weaknesses of the AR authofimgue and tools (Leet al,



2004). This limitation mders the design of AR and could lead to applications having too much
information, irrelevant graphics and virtual objects, or burdensome user interaction (Medula,
2012). AR s houl dnceptong undevseandimg ofllebming cenfent and keep them
engaged without overwhelming them cognitively. Thasprder to facilitate learning with AR,
researchers need to limit the demammdss st udent s&6 wmankgeablgiecese mor y
otherwise studesté | ear ni ng wi | | be | imited diugentdoverl o

(Sweller, 1998; Ayres, 2006).

Another drawback: AR learning applications are being designed without considering the
cognitive differences among students and how these difierenc af f ec t student s
processing (O6Shae et al, 2001) . I n order for
the design of AR should support individual factors so the use of technology is not detrimental to
learning (Radu, 2014). Theesign of AR could impact the cognitive and psychology development
of students; therefore, cognitive differences should be taken into account. However, research is
still needed to investigate how cognitive differences could influence how students use and
understand the educational content when using AR. Although Radu (2014) began to examine how
s t u d msycholdical and physiology development influence their ability to use AR applications,
further analyses are needed to ensure AR meets the cognitiveafigbdsstudents to improve

learning outcomes.

1.2 Motivation

Educators and researchers are constantly seeking educational technology to meet the needs
of all students. The utilization of AR for educational purposes can impact the learning environment
for students by increasing their engagement and immersing them in an augmented environment

where they can take an active role in learning process by manipulating virtual objects (Billinghurst,



Kato, & Poupyrev, 2001). For example, Construct3D allowed studeintspiect three dimensional
geometric structures by virtually rotating the structures using their hand. As the student moved the
structure, they were able to analyze the properties of the structures by viewing multiple
perspectives and manipulating scaliépiio zoom in and out (Kaufmann, Schmalstieg & Wagner,
2000). With the evolution and advancement of AR, it is important for researchers to investigate
how to effectively design the technology for educational enhancement. Understanding how to
optimally deggn AR learning applications that lower the cognitive demands on students and

facilitate learning is a high priority (Brunireg al, 2004).

Although previous studies show that AR can potentially improve learning by increasing
the understanding of spatialelationships, providing authentic contextualized learning
experiences, improving loAgrm recall and cultivating positive collaborations, both the
educational and technological communities remain unclear on the cognitive demands AR has on

the working menory (Shelton & Hedley, 2003).

There is |limited research and evidence to
processing abilities when using multimedia instruction, especially in tHE2 Kearning
environment. According to Calhoun (2012), pricsgarch involving cognitive processing relied
heavily on the development of multimedia instruction without emphasis on the effects of the
multimedia design techniques or how to measure cognitive processing. Therefore, this research
will consider the role ofMayer 6s Cognitive Theory of Mul t i
educational psychology theory, to account for cognitive processes of students withirlzhe K
environment. Understanding the role of CTML and how the design of AR affects cognitive load
will help build the current body of knowledge. It will enhance the literature by documenting the

specific benefits and challenges of grounding AR in CTML. This research will provide strategies



to maximize st udentaswell asctgengthéreseach rpsr oxred sdeagi g

capacity to better design and utilize AR in the classroom to help all students exceed expected

learning goals.

1.3 Theoretical Framework

CTML will guide this research to examine the effect of cognitive load and ground the AR
applicationsm learning theory. CTML states that the human brain can only process a finite amount
of information in a given sensory channel and processing of sensory information is processed
separately according to its modality (Mayer & Moreno, 2003). Thus, the limieking memory
of the brain may be the most critical factor that needs to be considered in how students are
processing information (Mayer, 2005ometimes the arking memory of students is overloaded
due to irappropriatanethod=f presentindgearningcontent (De Jong, 2010). Mayer bases CTML
based on three assumptions: 1) working memory includes dual channels of modality which allow
for visual and auditory processing; 2) the channels have a limited capacity for processing
information which can be overldad; and 3) learning is an active process that integrees
information with prior knowledge¢hen storeto longterm memory (Mayer & Moreno, 2003).
According to Mayer, knowledge construction from auditory and visual cues happens when the

student is eraged in five cognitive processes (figure 1):

1. selecting relevant words for processing in auditory working memory,
2. selecting relevant images for processing in visual working memory,
3. organizing selected words into a verbal model,

4. organizing selected images into a pictorial model, and,

5. integrating thevords and imagewith each other and with prior knowledge.
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Figure 1: The Cognitive Theory of Multimedia Learning (Mayer, 1997)

CTML assumes thdinformation must be actively selected, organized and integrated with
existing prior knowledge in order for learning to ocoustudents must be able to select and
organize information in working memory then integrate these representations with prior
knowledge The theory is centered on the idea that students build meaningful connections with
content when they process information using two modalities. These processes allow students to
build a mental representation from the content being presented, then tifaaisfepresentation to
knowledge efficiently. The theory assumes that the representations need to be actively organized
and integrated with existing prior knowledge in order for learning to o¥¢ben a student can
fully engagein all five cognitive proesses (figure 1) then they are actively learning without

experiencing cognitive overload (Sorden, 2012).

Essentially, CTML encompasses the ideas from other researchers and is influenced by
other theories such as Cognitive Load Theory and-Doding Theoy. Mayer used these theories
to help with the creation of several principles he proposed for designing learning technology that

addresses his three assumptions and reduce cognitive load. Some of the principles he proposed to



guide the design ahultimedialearning are: coherence, personalization, segmenting, contiguity,
and signalizing. Imploring these principles to shape the design of technology should reduce
extraneous processing, promote the transformation of free cognitive resources and maximize the
use of cognitive processing needed for processing informatusgnganwa, 2013ung &

Mayer, 2013 Ayers, 2013Aldalalah, 2012jbrahim, Antonenko, Greenwood, & Wheeler, 2012;

Florax& Ploetzner, 201

Thus,it foll ows that AR that i1is designed i nay
engage the five cognitive processes and subsequently, hinder their understanding of concepts.
Research shows that AR learning applications are effective at helpingtstedeode and retain
information into long term memory to be retrieved later for-vealld application or to solve a
new problem (Majoros & Neumann, 2001; Val i mor
how utilizing multrmodal sensory AR applicationgdan information processing and integration

in the working memory by retrieving prior knowledge.

Therefore, i1t iIs hypothesized that the inc
when designing and creating AR will maximize the limited capacith@fworking memory and
account for the information being presented through dual modality (Clark, Nguyen & Sweller,

2011; Mayer, 2010; Mayer, Fennell, Farmer, & Campbell, 2004; Moreno & Mayer, 2002).
1.4 Research Purpose, Objectives and Questions

The main pupose of this research is to examine the unique benefits and challenges of
utilizing augmented reality (AR) as a supplemental learning technique to reinforce mathematical
concepts whiler e s pondi ng cdgmtive srasautaes.nSpeacifically, this resdanill

evaluate the effectiveness of CTML as an-Bd&sed learning pedagogy and investigate how the



inclusion of AR in the classroom could impact the cognitive load of fifth grade students. Since the
opportunity to use AR in fifth grade classrooms to engadiggents andespond tdheir cognitive

demands has not been fully realized, an aim of this work is to better understand how to provide
students with authentic technolebgsed learning experiences that keep them engaged while not
overloading them cognitie | vy . To enhance studentsd engager
incorporate game elements (e.g. rewards and leaderboards) into AR applications created

specifically to support this research.

Gamificationapplies gamdike elements and principles in a rRgaming environment with
the desired outcome of increasing engagement, motivatbleaming. Gamification is not solely
about developing a game, but instead about applying game attribstiesulate studentseaving
them excited about learning (Arap2014). Successful gamified applications assert and intertwine
game elements while providing feedback and encouraging the student to work toward the next
level (Morris et al, 2013; Wood & Reiners, 2012). Based on previous empirical studies, it is
hypothes i zed t hat the application of gamification

and cognitive processing (Busteed, 2013; Hamari, Koivisto & Sarsa, 2014).

This research will apply gamification and CTML principles to tabketed gamified
learnng AR (GLAR) applications as a supplemental tool to address three research objectives as
summarized in table 1. The advantages of using tablets include the fact that tablets are less
obtrusive and costffective and are more representative of technologyently found in the
classrooms (as opposed to expensive teath AR technology). Despite the lower cost point,
tabletbased AR can still provide students benefits such a sense of immersion and multiple viewing

perspectives.



Table1: Research Objective Summary

1. Understanding the roll 2. Examine if adherence { 3. Investigate the impact ¢
Objective of prjor knowledge on CTML principles apply tol cognitive style on cognitive
cognitive performance GLAR performance
Does prior exposure tDoes GLAR i nt gls the cognitive load of field
learning content have a adherence to CTML principle| independent and fieldependent
actual and perceived effefaf f ect st ud e ®t| students impacted when voice a
on GLAR performance coherence principles of CTML at
Does high adherence to th manipulated in GLAR applicatio
Does prior exposure td principles of CTML result in i Bu-A-Wd r | d o ?
learning content effecl higher st udent so
cognitive load when usin{ performanc@ Does student so
GLAR application impact GLAR perfomance wher
Research AfCel estial B voice and coherence principles
Questions CTML are manipulated in GLAR
Will  engagement  with applicatAWanr RdBa
GLAR improve content
based learning gains fg Are there contenbased learning
students with and withou gains for fieldindependent an
prior exposure to learnini field-dependent students whe
conten® voice and coherence principles
CTML are manipulated inGLAR
applicatAWar RdBda
Prior Knowledge Display Adherence Cognitive Style (2 levels)
Independent (2 levels) Interfaceq3 levels) Voice Principle (2 levels)
Variables Coherence Principle (2 levels)
Pre and PostAssessment| High Score Pre and PostAssessment Scores
Scores Game Attempts High Score
Dependent High Game Score NASA TLX Correct Game Question Percenta
Variables Game Attempts QUIS Survey NASA TLX
NASA TLX QUIS Survey
Focus group interviews
n=35 n=22 n=26

Experimental
Design

Mixed method
Betweensubjects design

Single factor repeated measur
Within-subjects design

Display Adherence Interfacés
3x3 Latin square

2 x 2 x 2 mixed factor design with
one betweersubject factor and twe
within-subject factes

Cognitive Style (2x
Voice Principle (2) x
Coherence Principle ()1
randomize

Obijective 1: Understanding the role of prior knowledge on cognitive performance

1 Research Question Doesprior exposure to learning content have an actual and peccei

effect on GLAR performance?



Hypothesis (H1): There aresignificant actual difference in GLAR performance between

students with and without exposure to learning content.

1 Research Question Proesprior exposure to learning content effect cognitive lodaen

using GLAR application fAiCelesti al Bl ast o?

Hypothesis (12): There aresignificant difference in cognitive load between students with

and without exposure to | earning content wl

1 Research Question BVill engayement with GLAR improve contetiased learning gains

for students with and without prior exposure to learning content?

Hypothesis (13): Engagement with GLAR improves contkased learning gains for both

students with and without prior exposure.

Hypothess (H4): There is no significant difference between conbaged learning gains

for students with and without prior exposure.

Objective 2: Examine if the adherence to CTML principles apply to GLAR

1 ResearchQuestionBoes GLAR i nt er frceteGTHL prircipleslaffect f a d h

students6é cognitive |l oad?

Hypothesis (B): St udent s & ciogpnificanty Vosver Whem there is high

adherence to the principles of CTML.

1 Research Question ®oes highadherence to the principles of CTMEsult n higher

studentsd GLAR performance?

Hypothesis (18): High adherence to the principlesof CTdbesr esul t i n hi gher

GLAR performance.

1C



Objective 3: Investigate the impact of cognitive style on cognitive performance

1 Research Question 6s the cogntive load of field-independent and fieldependent

studentsimpactedwhen voice and coherence principles of CTML are manipulated in
GLAR application B u-A-Wd r ? d o

Hypothesis (H): The cognitive load of fieldependent students is significantly lovirer

the WbnChigh condition relative to the other conditions when voice and coherence principles
of CTML are manAWadladed in ABuil d

Hypothesis (I8): Fieldi ndependent s t u dwilinnotsbé significgnb i t i v e

different across théour experimental design conditions when the voice and coherence
principles of CTML are manipulated.

1 Research Question Poes student so6 c GIAR pdrformaace whery | e i r

voice and coherence principles of CTML are manipulated in GLAR applicat®ial-A-

Wor Pdo

Hypothesis (19): Field-dependent students perform significantly higher relative to-field
independent students when the experimental condition of the coherence principle is high
in the GLAR apppwbrtddion ABuil d

Hypothesis (HD): Field-i ndependent students6 GLAR perf.

experi ment al condition of the voiceAprinci
Wor |l do.

1 Research Question &re thee contentbasel learning gains fofield-independent and

field-dependent students when voice and coherence principles of @févihanipulated

in GLAR applicationi B u-A-Wwd r P d o
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Hypothesis (H1): There are conterbased learning gains for both fielddependent and

fieldddependent students afAWer |l dvgagement with

Hypothesis (H2): The contenbased learning gains is significantly higher for field

dependent students relativetofieldh d e pendent students -After e

Wor |l do.
1.5 Methodology Overview

This research is composed of three stadithat used controlled humaubjects
experiments to address questions related to each objective. As described in detail in Chapters 3, 4
and 5, these objectives were examined through multiple data collection instruments and
techniques. In each study, tteeget population was fifth grade students at Titkehools in the
state of Virginia and the settings were controlled environments on the campus of Virginia

Polytechnic Institute and State University ahd Boys and Girls Club of Sowst Virginia.

The design of each study supports the overarching goal of examining to what extent CTML
is an effective theoretical framework for designing GLAR applications and investigating how
principles of CTML may reduce st tightesnhbwsthe cogni
inclusion of CTML in gamifying an AR experien

effects and how it affects or enhances their ability to create new knowledge.

1.5.1 Objective 1- Understanding the role of prior knowledge on cognipeeformance

The cognitive demands for interpreting and integrating information may be overwhelming
for some students due to the lack of prior knowledge related to a specific learning topic (Jones,
Gardner, Taylor, Wiebe & Forester, 2010). Experienced students nsedddsng memory to

organize and integrate new information than novice students due to more robust stbesdias

12



their long-term memories and prior exposure to content. Study one utilized a mixed method,
betweensubjects experimental design involving 8tudents to examine how experienced and

novice students perceive their cognitive load after interacting with a GLAR application. The
guantitative research methods evaluated the influences GLAR had on students with regard to
cognitive load and knowledgeeation. Complementary qualitative data adds an additional layer

of i nformation on studentsd perceived cognit
application. The qualitative data was gathered through-epdad focus groups, whereas the
guantitative data was collected through pamd postassessments and cognitive load surveys. The
results of study one aim to gi Wneegadditopassibte i nsi ¢
benefits and challenges of using GLAR, their perceived cognitivedoddow prior kowledge

may affect cognitive lahand knowledge creation.

1.5.2 Objective 2 Examine if the adherence to CTML principles apply to GLAR

Research in cognitive educatithrat takes into account the limitationssof u d working 0
memory has ideifted the importance of designing multimed&arning contenthat dees not
overwhelm themesulting in increaseléarningoutcomes (Ayres, 2006). Study two examines how
a GLAR interfacesd6 degree of adher enmageand o CTM
performance. A single factor repeated measures wéthijects experimental design was used to
compare effects on studentsdé cognition after
by manipulating the degree of adherence to CTML priesipl wentytwo students were exposed
to all three interfaces. Quantitative data revealed that deviations from CTML principles negatively
affected studentsd cognitive | oad. Results of

CTML 6 s d e sesgeffeqive in GCAR pedrning settings.
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1.5.3 Objective 3 Investigate the impact of cognitive style on cognitive performance

Researchers, such as Johri and Olds (2011), recommend that learning environments
enhanced by technology can be improved by utaedsng individual differences among students.
The literature suggests that researchers can better understand individual differences and account
for differences among students by wusing cogni:t
Cognitive syleis a consistent individual difference characterized by the manner in which students
perceive, organize and process information (Price, 2004). Study three examined the impact of
designing GLAR interfaces to account for cognitive style differences astadgnts in relation
to their cognitive load, performance and learning gains. The study employed a 2 x 2 x 2 mixed
factor design with one betwesnbject factor and two withisubject factors. Twentgix students
participated where fifty percent of parpeints were screened as fieldpendent learners and the
other fifty percent as fielihdependent learners. The quantitative data affords examination of how
studentsé cognitive style impacts their coghn
coherencerinciples of CTML are manipulated in GLAR applications. The results of study three
aim to bolster the claim that utilizing cognitive style to inform the design of GLAR applications is

an effective approach for acesounting for stud

1.6 Significance of Research

It is important to acknowledge that as educational and technological fields mature,
technology designers need to gain more exposure to educational research studies guided by various
educational psychology theories. Even sazaise there is a great deal of focus on bringing
technology into the classroom, it is crucial that the instructional design supported by AR be based
on grounded learning theories (Newstetter & Svinicki, 2014). Although most studies of

educational AR applations have claimed increased learning outcomes, these studies generally
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lack a theoretical basis in educational research. Along with grounding AR applications in learning
theory, researchers must further consider the cognitive effects that AR techndldugve on

studentsé potenti al | earning gains.

This research will provide a novel base of knowledge for researchers, designers and
practitioners to consider when creating GLAR applications. This in turn will ensure that resulting
GLAR applications suppbeffective cognitive processing and help students learn more efficiently.
CTML theory appears to be weallited to ground AR applications because it reveals how well
students can process information based on modality and representation of conceptssdsgm
offerdesi gners some guidance to design AR that a
attention on vital information while processing the learning content. However, to our knowledge,
no other work has applied CTML to AR learning seftin Thus this research provides
contributions to the field that include empirical evidence on the degree to which CTML is
effective as an ARbased pedagogical tofbr underrepresented students in southwest Virginia
And moreover, provides empirical dabn the relationship betweemnderrepresented t udent s 6

perceived benefits and the i mpact of GLAR on

Since the opportunity to leverage GLAR in the classroom has not been fully retidiged,
research will further offer recommenations toconsiderwhen creating GLAR applicationsBy
following these recommendations, GLAR designers will increase the likelihood of having a
positive effect on studentsd cognitive | oad w
actively pocess information.The findings from this research will inform designers
consideration of the assumptions of CTML when designi@gAR applicationsand, ultimately

i mprove studentso6é | earning experiences withou
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CTML does not explicitly take into account individual differences and cognitive
development of students. Most research conducted on the assumptions and principles of CTML
was conducted with colleggged participants (McTigue, 2003erefore, this reseatt will
determine whether the same benefits can be generalized to other populations such as
underrepresentedtudents in5" grade classroomsBy applying CTML and its principles, this
work reveals hovGLAR can be leveraged to meet the educational neestsdénts in fifth grade

classrooms, and especially those at Tidehools.

Rather than attempt to change the actual material that studentsHesaresearch aims to
enhance the way students leahy enabling tangible and interactive experiences inifigghAR
environments. Since fifth grade is one of the formative years for students, it is important to reduce
studentsé cognitive |l oad so they can | earn hoy
to achieve their maximum learning potentidurthermore, quantifying the strengths and
challenges of GLAR with respect to an established theoretical framework will reveal how AR may

be utilized in the classroom to meet t he need
1.7 Dissertation Overview

This dissetation uses the manuscript format to present the body of research. Chapter 2
summarizes the current literature on educational AR, gamification and the theoretical framework
guiding this research. Chapter 2 also provides a critical assessment of ralaéedréo highlight
gaps in the field. Within each of the following three chapters (Chapfr the methodology
utilized in the study, data collection and analysis of the data, results, study findings, implications
and conclusions are discussed. Cha@ter descri bes studentsdé exper
application and their perceived, as well as measured cognitive effects. Chapter 4 investigates to

what degree CTML can provide effective theoretical guidance for designing GLAR applications

16



to reduce cognitie load. Chapter 5 examine the cognitive differences amongst students and the

effects of cognitive styles on cognitive loadhapter 6 providesecommendations as well as

design considerations to assist with the development of futirdZKGLAR applicatios.
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2 Literature Review

2.1 Gamification

The use of technological innovations is constantly being incorporated in classrooms. The
2013 State ©Online Gaming Report hypothesizétht more than 1.2 billion people would play
games on computers, tabletssonartphonedy the end of 2018NewZoo, 2013). According to
Jane McGonigah 2011 fover a half billion people plagvideo games for at least an hour a day
and over five million people in the US alone play games for at least forty hours @& week
(McGonigd, 2011). With these statistics, it is apparent that there is something about gaming that
captivates and engages people of all ages. Business and marketing industries started the concept
of gamification by using elements such as avatars, leaderboardsegsrdzars, badges, and
trophies to capture attention and change the behavior of their users (Linder & Zichermann, 2010;
Zichermann & Cunningham, 2011). In 2002, Nick Pelliugs searching for a way to make
electronic transactions efficient and fun. In glnecess, he found a way to use tigéerfaces that
resembled a game ancbined the term gamification (Pelling, 2011). He simply defined
gamification agithe use of gam#hinking and game mechanics to solve probkewish the end
goal to motivate the usdrehavior (Deterding et al, 2011). However, the definition has been
expanded over the years to use game elements or anything that invokes the same reaction that
games do in a negaming environment to impact motivation (Deterding, Dixon, Khaled, & Nacke,
201 1 ; Deterding, Sicart, Nacke, O6bHara, & Dixo

2013).
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Some researchers describe gamificationfiasprocess of enhancing a service with
affordances for gamlke experiences to achieve an intended outagjidaotari & Hamari, 2011).
This process comprises taking an activity that already exists anda@shingto enhancehe
user6s experience. I n order to achieve beha
important aspects of gamification to cates. The first aspect is stressing the +game
environments that gamification acts upon must carry important resonance for users working in
their real life. The second aspect is applying gaming characteristics or structures in which game

elements can ba&pplied effectively (McGonigal, 2011).

2.1.1 Gamification Elements

Gamification is not solely about developing a game, but instead about applying game
attributes to stimulate students, leaving them excited about learning (Arnold, 364 of these
attributes that are utilized are gamification elements. Successful gamification depends on several
elements to provide feedback and encourage the user to work towards the next level (Morris et al,
September 2013; Wood & Reiners, 2012).

In the literature there anmany gamified elements that can be used in the pedagogical
process to make a successful environment for the student. Although there are many elements,
Schell believes all are of equal importance and must interact seamlessly (Schell, 2008). The key is
to implement the elements thoughtfully as an integral part of the gamified environment. Some of
those elements include:

Badges:A visualization of rewards that represent skills, knowledge, achievements and other
desirable behaviors of traits the user as thegomoplish certain goals. Badges should
impact the social aspect of the environment as it motivates users extrinsically (Robson,

Plangger, Kietzmann, McCarthy, & Pitt, 2015).
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Storytelling:A sequence of events that builds upon one another to create.&s$toignts are most
satisfied when the story is clear, simple, and they can build on and learn from previous
events (Deterding, 2011).

Levels:A benchmark or objective consists of increasingly difficult levels that users work towards
that provides feedbaabn their progress. Levels should provide stiern goals for the
user that promotes the practice of new skills and knowledge while they demonstrate
mastery (Robson, Plangger, Kietzmann, McCarthy, & Pitt, 2015).

ScorePoints that are gained by the u®raccomplishing specific tasks. The point system should
be a way for users to track their progress as they achieve certain goals (McGonigal, 2011a).

Feedbackinformation designed tmducea behavior, thoughts, or actions of the user. Feedback
should povide users with a timely response to help them adjust and stay on the right track
to achieve goals (Kapp, 2012).

ProgressA tracking bar to indicate a userodéos advan:i
should appear publicly to the user to neththem how many tasks are left &rdhow
many accomplishments they have achieved (Costa, Wehbe, Robb, and Nacke, 2013).

Freedom to FailPermission for the user to fail multiple times with minimal consequences so they

can reconsider their approach to the certain goal. Freedom to fail should reduce the anxiety
of the user and make winning more pleasurable (Abramovich et al., 2013; Jov&novic
Devedzic, 2014).
A great gamified environment asserts and intertwines the game elements into-the non
gaming environment to provide an engaging experience. Understandiedfectt/ely applying
these elements will help increase student engagemeninahthe novelty effect of gamification

(Farzan et al., 2008, Koivisto & Hamari, 2014). Through the heightened use of these elements (i.e.,
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points, levels, badges, etc.), research shows positive potential for increased engagement in fields
such as exercisdealthcare, business, and education (Hamari et al., 2014; Kapp, 2012a, 2012b;

Zichermann & Cunningham, 2011).

2.1.2 Gamification and Education

After observing the positive benefits of gamification in the corporate and marketing fields,
game designers such &abe Zichermann (2011) and Xai Chou (2014) explored how
gamification could be leveraged in the educational realm to transform learning. Gamification could
be easily applied to the educational market through activities such as points, storytelling and
badges (Leaning, 2015, p. 160). The benefits of applying various game elements, incentivized
point systems, or leveling up prove be effective pedagogical approaches in education (Deterding,
2011). It has the potential to increase posifeelings by applyng gamification elements to
increases t u d e nt soatcomegapm 2003y According to Knappewards such as point
gai n, l evel s, and f e e nhdiatoR agnd engagdlerdin @ manmgfw e st u
learning process (Kapp, 2013). In te#ucation, gamification is utiized o0 maxi mi ze st u
motivation and engagement bgptivatingtheir attentionand inspiring them to continue learning
initiatively (Huang & Soman, 2013).

For maximum engagement & important not to confused gamificativith gamebased
learning. Gamdased learning utilizes pestablished games or learning based simulations in their
complete form to accomplish learning objectives, whereas students play games to learn content
(Nolan & McBride, 2014). The difference isugification does not necessarily involve playing
games and use | earning as a starting point so
gamebased learning use an actual game as the starting point then apply learning concepts to it

(Simdes enl., 2013, p. 348). Essentially, gamificatisra inon-gamingenvironmenthat applies
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gami ng el ement s @gamebased leaoning emmphasezeswding daméseastarting
point of instructional pyoses (Draeger, 2014).

Since its conceptiorg plethora of studies have been conducted on gamification to explore
its contextual definition as it pertains to education (Deterding et al., 2011; Erenli, 2013; Hamari et
al., 2014; Teras, Teras, & Reiners, 2014). The most used definition of gamificagducation
|l iterature is given by Kapp ( 201-b3gsedmbchanits, st at ¢
aesthetics, and game thinking to engage people, motivate action, promote learning, and solve
probl emso (p. 10) . R e st gambiatios is & way ofecreatively h a t
incorporating educational play in a course without jeopardizing the academic rigor of a curriculum
(Deterding, Dixon, Khaled, & Nacke, 2011). Literature states that student motivation is increased
when gamdike characteristics are applied to an academic curriculum that assists students to learn

more efficiently (Cheong, Filippou, & Cheong, 2014; Lee & Hammer, 2011).

2.1.3 Implications

The U.S. Department of Education once stated fiadticational gamification has the
potential to move the dial on student engagement,-til@sk, and student outconde@J.S.
Department of Education, 2012). The application of gamification in an educational setting has
been cited to improve critical thinking and mubgking, as well adevelop other important skills
necessary for students of this generation to be successful (Kapp, 2012b; Prensky, 2001; Shapiro,
2015a). Leveraging gamified characteristics in education will play a major role in shaping
curricula and increasing engagemeiitie lack of student engagement could lead to higher rates
of academic failure and students not reaching their maximum learning potential (Busteed, 2013).

In 2014, Hamari, Koivisto and Sarsa investigated the effectiveness of gamification in

education throug a systematic literature review of empirical studies. The investigation indicated
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t hat gami fication provides positive effects ¢
disruptive behavior, increased cognitive growth and improved attention $pbramovich,
Schunn, & Higashi, 2013; Busteed, 2013; Seaborn & Fels, 2015, p. 20). However, these positive
effects may vary depending on the implementation of gamification. Hamari found that if educators
leverage gamified principles such as continuouslehgés, interesting storylines, flexibility,
rewards and a combination of realism, fun and imagination, then students would accomplish the
said results. From the literature review, the most popular game elements used were badges, points,
and feedback (Baet & Hagel, 2014; Giannetto, Chao, & Fontana, 2013; Holman, Aguilar, &
Fishman, 2013; Morrison & DiSalvo, 2014; Thomas & Begy) 2013; Todor & Pitica, 20}3

While there have been many studies that support gamifying education, there are some
concerns andriticisms were some studies that showed no statistical benefit (Erenli, 2013; Hamari
et al., 2014; McGonigal, 2011a). They showed no statistical effect because the studies evaluated
the collection of components together instead of isolating the individomponents of
gamification to understand effects. The need for more empirical studies to determine which
gamification elementare contributing to thecrease in engagementhich are ineffective, and
which have a negati ve tésfevdident(Borgesetas, 20l4 Bichevaé& a c h
al., 2015; Hamari et al., 2014). Also, most of the literature on gamifying education has presented
examples where gamification was either used in high school or higher education settings as a
motivator for impoved student engagement. Few studies investigate the impact of a gamified
environment in elementary education (Hamari et al., 2014). Unfortunately, there also seem to be
little research on the pedagogical approach to curriculum design and how using ajamific
education, with little theoretical groumdjis dependent on the instructional context (Bahiji et al.,

2013; deMarcos et al., 2014; Dominguez et al., 2013). The studies evaluating gamification in

23



education is limited; therefore, more empirical studies are needed to address these several
shortcomingsnd gaps in the literature.

Although there are some limitations, the literature supports that gamification is a new and
exciting way to motivate and positively affect students. Similarly to AR, the goal of gamification
is to improvelearning notchangeor replace it (Landers, 2014). Kapp recommends that a well
designed gamified environment proggla representation of realityth hypotheticalor imagined
details which closely aligns with AR (Kapp, 2011). Combining these two concepts allow for
studentdo become active participants in the learning environment while learning contextually so
they learn how to apply abstract ideas in meaningful ways and increase cognitive recognition (Van
Eck, 2006; Carnes, 2011). These concepts encourage explorationticefland individual
construction of meaning to promote engagement and deeper understanding of the content being

presented (Galarneau, 2Q@&Marcos et al., 2014; Dominguez et al., 2013).

2.2 Augmented Reality

Virtual reality (VR) is the technological predecessor of augmented reality (AR). VR

replaces the real environment wahsimulated environment, whefdR addsvirtual information

to the user environment (Burdea, 2003). According to Milgram and Kishin&), 28R and VR

are closely related, but they reflect different levels of user immersion in environmentgediere
and computegenerateabjects ceexist (Milgram et al., 1995). In environments created by VR,
users are completely immersed and cannot ictevih the real world around them. Chang (2010)
believes thatVR increasegnotivation of students participating ieducational practiceshich
improves learning (Chang et al., 2007). As the demands of education evolves thereed for

students to be ore involved with their physical learning environment and the technology (Brown,
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2006). A solution to this need is utilizing both the virtual objects and the real world, which led to

the creation of AR.

AR is an interactive system that blends the realldvand virtualworld by utilizing
computer elements to provide an additional layer of information over the user's physical
environmentAR is in the middle of a continuum called mixed reality (Milgram, 1994). Mixed
reality, shown in figur@, is the incorpration of virtual and real worlds to create new environments
SO users can interact with real and virtual objects (Milgram, 1994). AR places digital computer
generated el ements such as i mages, ani mati ons,
view of the real world in real time. Kapp and Balkun (2011) states that with AR thevogéll
environment is enhanced by adding digital content because it allows users to be engaged in the
real world while also receiving virtual information at the sameet{iKapp, 2011). Chan and his
colleagues (2012 mp hasi ze t h atreafyRrathesthap nedlacemgChangset al.,

2012). Furthermore, Kipper and Rampolla (206&€ljevedthat AR takes virtual information such

as video, or touch sensations améntays them in a real environment so the worlds become one
(Kipper & Rampolla, 2013). The user is now able teegest with the virtual information and learn
from it without being completely removed from the physical aspects of the real world (Kapp &
Balkun, 2011). Along with becoming one, combining the real warld virtual objectallows

students to visualize abstract concepts to make them concrete.
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Mixed Reality (MR)

Real Augmented Augmented Virtual
Environment Reality (AR) Virtuality (AV) Reality (VR)

Figure 2: Virtually Continuum (Milgram & Kishino, 1994)

According to Azuma (1997), AR systems are
Combine real and virtual objects in a real environment. (2) Align real and virtual objects with each
ot her . (3) Run interactively, &mpdasizesnspatiak a | t
registration andbelieves that without the two worlds, i.e., virtual and realeydreing aligned that
the AR application will not reach its full potential (Azuma, 1997). The full potential of AR, as
opposed to VR, ipasticipate & the reatwoiddshatasisupplemented witl virtual

objects.
2.2.1 Augmented Reality Types

Some of the technological advantages of using AR over VR is the decreased processing
power and increased registration requirements in order to align thvearba with virtual objects
According to Van Krevelen and Poelman (2010) there are three technological categories:
handheld, headorn and spatial. Handheld devices are light weight and simpler to render digital
computergenerated elements. Due to th@ortability, lowpriced point and ease of use, handheld
devices make AR accessible in more settings, including the classroom (Van Krevelen & Poelman,
2010, p. 4). Heawor n devices are attached to t-he wuse
generated ehaents directly to the eyes. Since these devices are more powerful, HMDs are heavy

and may need to be connected to a computer. This restricts mobilitigandt easy to use in the
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classroom. Spatial devices utilize GPS positioning and the deviceolotatilisplay specifically
placed digital computegenerated elements in the environment (Johnson et al., 2010). According
to Kapp and Balkun, the positidrased applications recognize spatial positioning and compare the
virtual e | e me ntekments siomned ia théidevice ana averlays that element on to
the realworld (Kapp & Balkun, 2011). Although spatial devices are costly, they allow for
unconstrained mobility in the classroom. The level of immersion in an interactive AR system

depends otthe technology utilized.

Another classification for an AR system is whether it utilizes a marker or marker less based
AR systems (Johnson et al., 2010). Similar to a spatial device, marker less AR systems detect the
real world by using GPS, sensors amd\di ced6s camera to place the
place. This system tracks an object in the real world without using a marker. A marker contains
programmed information such as text, images and 3D models that can be seen by using the camera
on a canputer or mobile device. Each marker has a unique pattern so when the ziamsthe
marker, it reads the programmed information that is embedded in the code on the marker and
render specific digital computgenerated elements on the screen (Maddenl)20@nce
programmed, the marker can be placed anywhere within the field of view of the camera and the
information will appear. If the marker is moved, the information being rendered will move as well,
allowing the user to view the digital computgrneratd elements from different angles (Hubbard,

2009).

2.2.2 AR in Education

As the demands of education evolve, there is a need for students to be move involved with
their physical learning environment and the technology (Blagg, 2009; Dunleavy et al., 2009). A

soluion to this need is utilizing both the virtual objects and the real world, which led to the creation
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of AR. According to Dunleavy (2014), AR definedasficombining the real and a virtual world,
seamlesslpAn AR environment that seamlessly integrates\irtual and real world can increase
learning gains by allowing students to interact with an intuitive interactive system where they can
manipulate virtual information while participating in learning activities in the classroom. Gelenbe
et al. (2005) fond that allowing students to experiment with virtual objects increased their

understanding of concepts and problem solving skills.

The EDUCAUSE Learning Initiative (2005) believed AR has the potential to enhance
school curriculum across the nation and entdie learning experience richer by allowing students
to become active participants in the learning process. For instance, the manipulation of models
allows students the opportunitylearn at their owiby actively interacting with real environments
and aigmented information. They can immerse themselves into the learning content to identify
spatial relationships aratientation among objects. This helps students gain a richer understanding
of the learning content and improve on their problem solving sKRikgy will also be able to
interact with their peers, which provides the opportunity to facilitate collaborative learning

(Billinghurst, Weghorst, & Furness, 1998).

According toFurness, Winn, & Yu (198, theiidegree of immersion is a very important
implication for educatiom A high degree of immersion generates a mauéhentic learning
environment, in which increasest udent sé6 sense of presence al
environment. Here, presences def i ned by Wi t mesubjemive@xp8ienneger as
of being in avirtual environment (Witmer & Singer, 1998). Winn (2002atedthat fithe higher
the presence the students have the more engagement and involvement the students feel when they
act in the virtual environment. As a result, thedgints learn more from observing the space around

them. The reason for this phenomenon is that when students are more engaged in the virtual
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environment, they are more motivated to interact with the environment, thus resulting in higher

levels of learning (Winn, 2002).

AR has particular features that require students to think criticdatigording towinn and
Jackson (1999)when students manipulate objects in a virtual environmntenelps them to
Adi stri but e candimpravda decesionanmaking skillStudertsuding their bodies to
directly manipulate AR objects plays a significant role in cognition embeddedness and provides
them with Asensorimotor f eedb adaknedtifaSraettat on, H
learning environment, cognition is embodied in our physical action. In the 2011 Horizon Report,
Johnson et al. note that students can use AR to create knowledge by gathering and processing
information by moving from one location to another. By physjcatiteracting with their
surroundings, students can connect their learning to the real world which increases knowledge
retention through multiple sensory experience
an educational medium, AR increases leagninrough manipulation, immersion, and active
participation activities. Krocker (2012) rem,
interface for 21st c resedrchersymudiixanane nhe effeaciivengseh er e f

benefits and challenges wfilizing AR in an educational context.
2.2.3 Limitations

Although AR has the potential to transform education, there are a few limitations that
hindes thetechnology being integratirigto the classroom. The EDUCAUSE Learning Initiative
(2005) suggested sewatrbarriers when implementing AR in an educational environment i.e.,

cognitive overload, novelty effect, and limited authoring tools.
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Cognitive overload is when cognitive processes aroused by a learning activity exceeds the
processing capacity of theorking memory(Mayer & Moreno, 2003). Many researchers have
reported that students feel overwhelmed using AR applications due to inappropriate presentation
of learning content or high complexity of the learning content being presented (De Jong, 2010).
Becauseof these issues, students experience cognitive overload and the inability-goidelf
themselves to engage with the learning content using AR applications. When a student experiences
cognitive overload, their understanding of the material being presentgéatly demised. To
properly deliver |l earning content without 0V
application should properly be paced so students do not rush through the learning araderial
provide guidancen working through the learngrmaterialwithout being redundariDunleavy et

al., 2009).

Researchers concluded that some ofititerest and excitemesurroundingeducational
AR could beassociated with the novelty of the technology (Di Serio, et al., 2012). According to
Tulving andKroll, the novelty effect is a phenomenon that is observed in human performance
when special treatment or attention is given to new technology. Although the novelty of AR may
have an influence on students, it can be overcome by fostering positive ckrsstions,
collaborations, creating authentic learning environments and mental models as well as longer

exposure to the material (Vincenzi et al., 2003).

Another limitation of designing educational AR is the available authoring tools. Most of
the currenttools are complex, difficult to maintain and may require specific or customized
hardware. To helpesearchers aretlucatorsleveloptheir ownAR applications, some developers
havereleased fresource code (Krosinsky, 2011). These epeuarces programs elimportant

because typically developers are not educators so it provides them with the opportunity to be
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included in the design process and add educational value to the learning content being delivered

(Laurence, 2010).

Understanding the limitation ofilizing AR in an educational environment is essential for
researchers as well as designers of AR applications if they want to truly enrich the learning
environment. Simply engaging students in collaborative activities and evaluating their conceptual
learnng is not enough (Dillenbourg, 2002). Therefore, researchers need to provide effective AR
applications that engage students beyond the novelty effects, reduce cognitive load, and promote

continuous learning.

2.2.4 Conclusion

AR is a captivating technological tothat allows students to manipulate virtual objects
and see multiple representations and perspeciResearcherselieve that with these attributes
multimedia learning, AR has the potential to be an assist to the educational con{iMuabéitan,

2003. However, further research is necessary to find the most appropriate instructional design
approach for AR. According to Dede, without appropriate instructional design principles AR is
useless and will not meet its full potential (Refsgaard & Henriks@®4)2 The research suggests

that it is not AR itself that is important, but the added value it brings to the learning environment
when it is grounded in a theoretical framework. CTML is a theory, which provides a framework
to help guide the design of muitedia technologies such as AR. Many researchers believe that
leveraging the principles and strategies of CTML in the development of AR is just as important as
or more important than the AR itself. Therefore, the next section will crucially review CTL, it
principles and how it can be utilized to add educational value to AR as an instructional delivery

tool.
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2.3 Cognitive Theory on Multimedia Learning

Recently, technology has been used in the classroom to combat students' lack of motivation
and engagement itnadition classrooms. These technologies have the potential to do more than
increase engagement, motivation, and collaboration; they could completely change the overall
experiences of students due to the deviation from tradition classroom instructiaeint®
maximize the effectiveness of technology such as GLAR applications, the design should minimize
studentso6é cognitive | oads and positively i mpac
theories such as Paiveoodoandu8wekbdidg tbegor tyi
and Mayero6s Cognitive Theory of Multimedia Le

students so they can actively process information and rebuild their cognitive architecture.

Chandl er and pr&unes thag withirs thedelarning procdilke interaction
between limited working memory and organized existing information stored iridomgmemory
may lead to the risk of cognitive overlaa(bweller, 2005; Sweller, Van Merrienboer, & Paas,
1998).To eliminate students experiencing cognitive load, the technology should control for two
types of cognitive load by effectively presentilegrning content h a t meetneedsst uden
(Sweller, 2005; van Merrienboer & Kester, 2005). Total cognitive loadngprised of intrinsic,
extraneous, and germane cognitive load (Sweller, 2005). Intrinsic cognitive load is affected by the
difficulty level of the students while extraneous cognitive load is affected by the presentation and
design of information (Swelle2 0 05 ) . Germane <cognitive | oad
construct mental schemas for constructing knew knowledge (Chandler & Sweller, 1991; Sweller,
2005; Sweller et al., 1998). Mayerdos CTML pr oy

by using principles to minimize cognitive load by reducing intrinsic and extraneous loads while
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i ncreasing ger mane cognitive processing. Ess

memories, which allows them to better process visual antbaydiformation (Mayer 2005).

2.3.1 Working Memory

Mayer (200 9)hederral wekwiemultinhedid leafning takes place in working
memoryo (p. 62) . Wor king memory is the tempor
lost if it is not processed and stored into the {@rgh memory because of its limited capacity.

Working memory is actively gathering information from either the sensory memory etdang
memory where prior knowledge is storg&lveller, 2004). Its important to note that long term
memory does not have any capacity limitation. Working memory allowslarstto leverage their

prior knowledge stored in the loftigrm memory to be integrated with new information so schemas
are formed (Sweller, 1988). In agreement with Low and Sweller, other researchers also defined
schemas as Mfa c¢ og ematdally ergacizesnisfdrnation for storhge in loegc h
term memoryo (Sch¢l er, Scheiter, & van Genuc
Schemas integrate prior knowledge with bits of information as a single element rather than several
huge piecesfanformation (Sweller, 1994), which makes mase of the limited space in the
working memory. Once schemas are formed, they become larger andconopéex as new
information is incorporated (Chi, Feltovich and Glaser, 1981).

According to Baddeley, the thgoof working memory has three components: central
executive, visuospatial sketchpad and phonological loop, or simply put, processing, encoding and
retrieving information (Baddeley, 1992). The central executive component selects and organizes
information flom the GLAR environment essentially, it control s
transfer information into the loAgrm memory (Baddeley, 2000). Thesuogatial sketchpad

receives the spatial information being presented while the phonological loop ghthensdio
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information from theGLAR environment. These dual channels system, which is a temporarily
storage location, manages the retrieving and encoding of relevant information that is needed for
learn. Although Mayer believes that in order for peopleaon, we need to maximize the use of

both channels to actively process information and expand the limit capacity of working memaory,
Baddel eyds theory is the channels are indepen
Utilizing both channels tpresent information as CTML proposes will prevent cognitive overload

and help the student capitalize on their working memory limitations as well as the limitation of

each channel (Sweller, van Merrienboer, Jeroen & Paas, 1998; Mayer, 1998).

Literature hasdensely documented the limitation of the working memory. Although
majority of the learning process occurs within the working memory, Miller proposes that the
central working memory capacity limit at one time is around three to seeeasof information
when storing information and two to thrpeeceswhen processing information (Miller, 1956;
Cowan, 2010)Piecesf information could be defined as a picture, numbers, letters, words, audio
and/or character. Cowan believes there is also a time limitatiahawt thirty seconds to seven
minutes of working memory capacity for processing depending on the task (Cowan, 2001, 2014).
The limitations of time and storage capacities of the working memory provides a challenge for
keeping the students engaged and $ecu The final limitation is being aware of the ways that the
visual and verbal channels work together to process information. Knowing these limitations is
important to presenting information to students and applying the principles of CTML to the design
GLAR applications. CTML should assist with the processing of information within the working
memory. Researchers and designers havabiiity to manage the limitatioms working memory
through understanding the restraints and utilizing -doding (Igo, Kiewra, Zumbrunn, &

Kirschbaum, 2007).
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2.3.2 Dual Coding Theory

Research states the implication of using both channels concutaeptbcess information
rather than one channel alooan overcome working memory limits which is known as dual
coding (Mayer, 2001 Sweller et al., 1998). David Paivio believes that human cognition can
simultaneously handle language with nonverbal objects and events (Paivio, 1986). Based on these
beliefs, he developed the dual coding theory which reinforces the concept of cahgcurren
processing information. Dual coding theory suggests that the brain process information in two
separate cognitive subsystems that handles two different types of information that may be stored
in longterm memory if both subsystems are used (Clark &i®ah®91; Reed, 2006). One of the
subsystems manages the representations and processingvefbalsensory information and the
second subsystem deals with processing of language, text and auditory sensory information. It is
important to note that althgh there are two distinct subsystems, each of the subsystems can
retrieve norverbal, verbal and sensory input (Paivio, 1986; Harskamp, Mayer & Suhre, 2007,
McTigue, 2009). Each subsystem has a limited capacity to receive information by sensory
perceptiorvia the visual and auditory channel. Sensory information that is coded using the visual
and auditory channel shape mental models that allows other information to be retrieved from long
term memory (Brunyé et al., 2006).

According to Kobayaski, when infomattion is dual coded there is an increase in the
probability that the information can be retrieved from long term memory (Kobayaski, 1986). The
probability is increased because when a memory is not available in one subsystem, the other
subsystem is availabko retrieve memory and encode it with the new information (Kuo & Hooper,
2004). This retrieval process can facilitate learning by providing students with the ability to process

and recall concrete information. Dual coding theory infer that learning eenicformation can
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be simpler for students because it can be conveyed using both text and images. However, abstract
information is harder to represent using dual coding, so it could hinder students from forming
mental models and slower retrieval of a poerg memory from longerm memory (Hanafi, 1983).
Slower retrieval hinders students' learning processes because it requires more working memory to
comprehend and process new information.

To account for the processing of concrete and abstract inform&aewip provides a
general framework for educational psychology that defines the role of visual and auditory
processing to help facilitate learning (Jonassen, 1996). Research states that information processed
using dual coding of the two cognitive subsystehas a positive influenos the learning content
being presented to the student (Clark, 1987; Mayer & Sims, 1994; Mayer & Moreno, 1998; Rieber,
Boyce & Assad, 1990). By conducting empirical studies, researchers found that dual coding
integration of infomation when verbal and nonverbal information is presented together produce
more learning advantages than singularly using repetition (Najjar, 1995). Many researchers have
supported the dual coding theory and have reported the benefits of leveragimeptiieéd enhance
the learning environment.

Particularly, Mayer used Paiviobds dual C O ¢
CTML. Similar to Paivio, Mayer believes that welkésigned instruction that presents information
in both modalities can leveraghe two cognitive subsystems, which should increase learning gains
(Mayer et al., 1999). Since multimedia learning deals with the visual and auditory channels, dual
coding theory provides limits for the amount of information students can process moéitihe
channels at any one time without overloading their cognitive systems (Ploetzner, Lippitsch,
Galmbacher, Heuer, & Scherrer, 2009). CTML addresses how using two cognitive subsystems to

process information allows for encoding at a deeper level tlsruging one subsystem which
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increases studeritgperformance in memory retrieval tasks (Mayer, 2009). Since GLAR
applications can provide students with both visual and auditory information, it is important to
understand how they use both channels to goagormation, form mental models, and learn

with the application.

2.3.3 Cognitive Load Theory

Researchers acknowledge that working memory can only process a finite amount of
information at a given amount of time while long term memory has endless capap#yfament
storage new informatiorSgveller, van Merriénboer, & Paas, 1998iller, 1956; Simon, 1974;
Clark, Nguyen, & Sweller, 20Q06CLT investigates the cognitive architecture of the human brain
that aligns to how effective learning and understandimgw learning content happens to prevent
overl oad of a studentdés | imited working memor
not process new information due lack of sufficient cognitive resources which hinders learning
(Chandler & Sweller, 1991; Swer, 1999). Sweller argues that in order for maximum learning to
occur the | imitations of working memory need s
information and integrat® long-term memory. Therefor€LT provides a framework fdrow to
efficiently presentinformation so new information can be processed in working memory and
stored in longerm memory through sema constructiofPaas, Renkl, & Sweller, 2003).

According to Paas and Sweller, if the available capability of the students' gankimory
is exceeded when new information is presented they will experience cognitive load (Paas &
Sweller, 2012). Cognitive load ithe amount ofinformation te working memorygan holdat a
given time (Cooper, 1998). Whereas mental effort is the cognitapacity spent on completing
a task (Sweller, 1998). Within working memory there are three types of total cognitive load:

intrinsic load, extraneous load, and germane load (Sweller, 2010; Sweller, 1994). All these loads

37



have an impact on cognitive loadd the limitation of working memory capacity (Paas, Renkl, &
Sweller, 2003). Although intrinsic and extraneous load are additive, the combioatdirthe

loads should not exceeded the capacity of working memory (Paas, Renkl & Sweller, 2004). If total
cognitive load is exceeded while trying to complete a task, learning can be jeopardized. This
capacity of working memory varies for each person that why it is important to control each of the
loads. These loads wliefurther explained below and how tordrol these loads.

Il ntrinsic Cognitive Load: I ntrinsic cognit
by the natural complexity of the information they must learn (Sweller, 1988). This load allows the
processing of information to happen sltaneous which is necessary for understanding to occur.
Sweller indicates that intrinsic load is based on the numberteractingpieces ofinformation
that has to be processed in the working mem@nyiece of informations defined be any type of
learring content, information or schema that is processed by working memory (Sweller, 2010). If
there is an increased jmeces of informatiowr the relationships betwegieces of information is
too complex there will be more intrinsic cognitive load imposedvorking memory$weller &
Chandler, 1994Paas, Renkl, et al., 200Gerjets, Scheiter, & Catrambone, 2004). Since students
process information differently, intrinsic cognitive load is unique to each student (Kalyuga, 2005).
However, low level of eleméinteractivity will reduce intrinsic load for all students. It allows the
elements to be processed in segments so students do not have to keep them allgmveonkiry
at the same timéLeahy et al., 2003). Pollock, Chandler, and Swellguuethat intrinsic load
cannot singularly be reduced by instructional design bedaisskependent on the complexity and
number of new information being presented (Pollock, Chandler & Sweller, 1998). Nevertheless,
assimilating information into smaller pieces to lbegessed separately has been shown to manage

intrinsic canitive load Moreno, 2007 Mayer et al, 2003.

38



Extraneous Cognitive Load: Essentially, extraneous cognitive load is the strain placed on
working memory processing by having the students seleganme and integrate unnecessary
information (Sweller et al., 1998). Extraneous load is affected when information is ineffectively
presented to students (DeLeeuw & Mayer, 2008). Ineffective instructional design introduces
unnecessary information that istmeeded for learning to occur which increases extraneous load
(Bannert, 2002; Sweller, 2005). Although information or elements can be presented in multiple
ways, it is essential that relevant only information is presented and grouped closer togetteer in ti
and space, so it reduces the demands on working memory and extraneouy loedlicing
extraneous load, it provides more working memory for students to understand and construct new
schemas (Paas, et al., 2004; Sweller, 1993). This load is also dependent on the prior knowledge of
each student (Sweller, 2010). If the information ajsegreatly on students' existing knowledge,
it diverts working memory capacities away from creating new schemas and increases extraneous
load (Mayer et al., 1995). Thus, a plethora of CTL resesrébcusedon how extraneous load
affects students and hoivcan be reduced through effective instructional design. Extraneous
cognitive load should minimize the information gathering and filtering process to increase schema
construction.

Germane Cognitive Load: Germane cognitive load is cited in the literasithe most idea
or effective load that leads to understandfginformation while intrinsic and extraneous
cognitive loads impede understanding (Ma§ Clark, 2010; Sweller, 1994Germane cognitive
load is needed for integrating new information wethisting schemas in working memory then
storing it in longterm memory (Kirschner, 2002). According to Kalyuga, germane load is the
amount of resources allocated for processing after accounting for intrinsic and extraneous load

(Kalyuga, 2011; Sweller «l., 2011). Germane cognition can only be obtained when there are
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available working memory resources. Therefore, it is imperative that intrinsic and germane loads
are managed adequately so the total cognitive load is not exceeded and its available working
memory resources for more schema construction (Kalyuga, 2011; Mayer, 2009). Therefore, the
instructional designers should take advantage of free working memory resources to foster
generative processing which contributes to effective learning. Swellevd®lgermane load
results in deeper learning when the student effectively use their working memory resources to
attach new information to existing knowledge stored in4tamgm memory (Sweller, 1998). Mayer
suggests engaging in the selection, organizatoid, integration of the information by using
guiding and pacing techniques. The primary goal of CTL is to enhance germane load and focus on
the processing, construction and automation of schemas which is necessary for students to learn
(Paas & Sweller, 199%. 265).

Sweller initially believed learning could only be improved by reducing extraneous load
(Sweller, 1988). When extraneous load is reduced, more of the available working memory
resources can be dedicated to additional information processing (Eéo\W&, 2005). However,
recent literature suggests that since intrinsic load cannot be managed the aim is to maximize
germane load in addition to reducing extraneous load, which promotes processing in working
memory (Mayer, 2012; Sweller, 2010). If insin and extraneous loads are both htghre are
no resources for germane load and the limited capacity in working memory may be overload. Thus,
in order to prevent cognitive overload all three loads needs to be managed appropriately so that
learning is nore efficient (van Merriénboer & Ayres, 2005). When total cognitive load cannot be
properly managed, learning may not happen because there are no available resources to allocate

for processing (Sweller et al., 2011).
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CTL is a learning or instructional tbey that explains how to improve the cognitive
processes of students while they are learning (Cooper, 1998; Brunken, Pass, & Leutner, 2003; van
Merrienboer & Sweller, 2005)t accountdor the human cognitive infrastructure by assuming the
capacity of woking memory is limited when people learn (Sweller, 2005). Essent@lly,'s
objective is to provide a framework that improves student learning by effectively presenting
learning content. Thus, accounting for the three types of cognitive load, which niamtg®ns
of their working memoryso studentsare not cognitively overwhelmed. CTML leverage notions
of CTL to understand how information is perceived and processed in working memory using dual

modality (Kombartzky, Ploetzner, Schlag, & Metz, 2010; R&906).

2.3.4 Cognitive Theory on Multimedia Learning

Technology is being increasingly applied in1R environments to enhance student
learning. However, extensive research on how technology can be incorporated in the classroom to
enhance cognitive learning@development has not been done (Mayer & Anderson, 1991; Sorden,
2005). To fill the theoretical gap, Richard Mayer and other researchers conducted empirical
research on how specific design techniques could improve learning. From these studies, Mayer
reaized that the available theories were not examining students' cognitive processing; he
developed CTML which is an educational psychology theory. CTML was created to include the
results of empirical studies influenced by dual coding theory and cognitavéheary, which was
discussed in previous sections, as a theoretical framework. These theories are the basis on CTML
that support the concept of working memory having limitations and the brain effectively
processing information using both the auditory aisial channels. Sweller believes cognitive
load happens when material being presented is organized effectively so the student can focus and

not use unnecessary cognitive resources (Sweller, 2010). Paivio noted that research was needed to
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address the cogive load limitations that students may experience when working with technology
(Paivio, 1998). CTML explains how using technology people process information through visual
and auditory channels and integrate it with prior knowledge already stored itefomgnemory

to form new connects. Although CTML was first created in 1997, it has been expanded over the
years to account for the types of cognitive load of students will encounter when learning. CTML
attempts to decease extraneous processing, fostettialspeocessing, and enhance generative

processing while promoting active learning (Mayer, 2009).

Fundamentally CTML was developed based on three assumptions: dual channel
assumption, limited capacity assumptiand active processing assumption (Mag&05). The
dual channel assumption states that students have two separate channels (i.e. auditory and visual
channels) in working memory thatocessesisual and auditory information. This assumption is
based on the Baddel ey plainstow atilizing bmtth typesof infonneation y wh i
reducethe demands of working memory. Mayer believes the two channels work together to create
crosschannel representations and foster intrinsic load (Mayer, 200&).dual channels gives
people theopportunty to build verbal and visual mental modsisultaneouslywhich produce
increased learning gainBhe dual channel assumption supports the fundamental claim of CTML
that people learn best when visual and auditory information are presented simultaretbeasly r
than words or images alone (Mayer, 2012). The second assurofliioited capacity is based on
two theoriescognitive load theory and dual coding theory. Both theories state that each channel
in working memory has a limited capacity and students ardy process a certain amount of
information at a given time (Mayer & Moreno, 2003; Baldy, 1999). CTML claims that if
working memory limits are exceed then generative processing increadasdemdlearning. The

final assumptionof CTML assumeghat to effectively learn a studens$ actively processing
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information (Mayer 2005). Cognitive processes are required to make sense of the information
being presented so mental models can be created; therefore, enabling generative processing
(Wittrock, 1974)Mayer proposes that the outcome of act
select, organizeand integrate new information with existing knowledge coherent mental
representations can be constructed (Mayer & Moreno, 2002; Mayer & Moreno, 1998).

According to Mayer, active learning happens when students participate in five cognitive
processes: selecting relevant visual information, selecting relevant audio information, organizing
the select visuals, organizing the selected audio, and integratirj &isd auditory information
with oneds prior knowkHerndmgeeory (Kadytiga, 2G1; Kombartzkyd i n
et al., 2010; Mayer, 2005, 2009). These five cognifivecessesre necessary for learning to
occur. If multimedia is cognitively deamding, students will not be capable of selecting,
organizing and integrating new information because their available working memory capacity
would be consumed (Mayer, 2009). During the selection process, the student must determine
which information is neessary to learning the material being presented. Once the necessary
information is selected it is held in the working memory. According to Moreno, holding auditory
and visual information in working memosimultaneouslyis optimal for constructing mental
models (Moreno, 2003). If the new information is too complex, it requires more essential
processing. Actively organizing the information uses generative processing which allows for
mental models to be created in working memoryyKgh, 2011). Mayer states that the integration
of the mental models with prior knowledge is a demanding cognitive process (Mayer,2€05).
recommendstudents build simple mental models that make sense tq sloetime process is less
demanding.lt is important to note that the five cognitive processes are not a linear method.

Kalyuga states that the student may complete some of the processes multiple times and in any
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order depending on their prior knowledge, working memory capacity and cognitive loads
(Kalyuga, 2011). Understanding and managing the limitations of cognitive loads will lead to
deeper learning, retention and meaningful transfer of material being taught (Mayer, 2009).

Based on these assumptions, Magentifiesfive scenarios in which cogme overload
may occur. The sources of cognitive overload could include many things such as one channel or
bothchannelgequiring too much cognitive processing. The first scenario is visual overload where
the visual channel is overwhelmda reducevisud overload, Mayer suggests offloading some of
the visual information to the auditory channel (Mayer & Moreno, 2002). The second scenario
happensvhen bothchanneldi.e.,visual and auditofyareoverloaded with too much information.
Cognitive load can beeduced by segmenting the information over a duration of, tsoe
everything is not presented at once which allows for cognitive processing to happen. The third
scenario is when extraneous or unnecessary background information is presented. Eliminating
unrecessary information or directing the student to the essential information will reduce this
cognitive load. Presenting essential information in an unclear and disorganized manner is the
fourth scenario. This type of cognitive load can be reduced by pirggenaterial in a logical
approach using close proximity. The final scenaridiss cr i bed by Maytte and
loss of information due to the need for storing information in a representational holding pattern
during the presentation of additionaiformatiord (Mayer & Anderson, 1991, 1992). Isi
important that the additional information does not replace the information being held in the
working memory. To reduce this cognitive load the student should have time to encode the first
set of informatbn into longterm memory before receiving new information. In each scenario, the
suggestion to reduce cognitive load aims to redistribute essential processing and limit

representational holding (Mayer & Moreno, 2002). Understanding the limitations obthkeg
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memory wil |l i mprove studentsdé ability to bui
presented (Mayer, 2010). If too much information is provided to student it forces them to utilize
too much of their working memory which impedes the learpiogess (Mayer, 2010).

Leveraging CTML in the classroom produce cognitive advantages that cannot be achieved
usingtraditionaimet hods ( Mayer, 2005) . Mut hukumar bel i ¢
key theories in the field of educational psycholegh at expl ains studentso
how they process new information (Muthukumar, 2005). Although CTML describes how
cognitive processes occur in two separate channels to decease extraneous processing, foster
essential processingnd enhance gerative processing, there are some issues it does not address
when leveraging it in empirical studies. According to Wiserma and Jurs, CTML research lacks
ecological validity because most studies occur in a highly controlled setting and does not replicate
a traditional classroom environment (Wiersma & Jurs, 2013). The results of the controlled setting
may notbe transferrable to an actual classroom whiiags are dynamic and unpredictable.
Moreover, the generalizability of specifiemographicss limited and the results on one target
population may not beeflected inthe results of another population (Schiler et al., 2011). Although
there are some issues, they do not invalidate the findings of CTML. The implementation of this
theoretical framework will pvide guidance for designers, educators and researchers on how to
select and develop multimedia technology that improves students ledméGTML framework
provides design principles that will reduce cognitive load while increasing the retention and
transfer of learning contenn the next section, the principles are furthered discussed on how they

were established based on results from several empirical experiments.
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235 CTMLG6s Design Principles

The overarching aim of CTML is to decrease extran@oggitive load, manage intrinsic
cognitive load and increase germane cognitive load. From extensive evirdsack research

Mayer and his colleagues created several principles to address each cognitive load so student can

reach their maximum learning outoes (Mayer, 2009, 2001). According to Mayer, there are five

principle that explain how extraneous cognitive load can be decreased: redundancy, coherence,
signaling, spatial contiguity and temporal contiguity principles. To manage intrinsic cognitive
load, Mayer identified two principles that could beveragedn multimedia technology design:
segmentation and modality principles (Mayer, 2009). Finally, the personalization principle is
utilized to increase germane cognitive load. If the working memory esdesetimitation then
cognitive overload occurs and hinders student learning. Therefore, the eight principles are used to
design appropriate instruction that maxi mi ze
memory to ensure the limitationseanot exceeded.

Signaling:The objective of the signaling principle is to reduce extraneous cognitive load by using
cues so students are able to comprehend the material being presented (Mayer & Moreno,
2003). Highlights, arrows, lines, graying out unnecessary information are esanfigues
that are used to reduce cognitive processing in the working memory (Mayer & Moreno,
2003). By using cues, students do not utilize unnecessary cognitive resources locating
important information or integrating nonessential information into scheAtasrding to
Mayer, students learn more effectively when cues are used to guide their attention to vital
information (Mayer, 2010). Thus, signaling help decrease the amount of searching required

to process information. Howevaf signaling is used wheextraneous load is low and
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intrinsic load is nurtured, itcoulded i st r act i ng a abiitythundedsand st ud:
the information (Harp & Mayer, 1998).

PersonalizationThe objective of the personalization principle is to design material by aaogun

for individual differences of students as they process information (Mayer, 2005). Mayer
suggests that the use of conversational style rather than a formal style to present
information will acknowledgehe various learning difference of students (Mag€08).

Clark and Mayer also found that students learn better from a human wersesa
computergenerated voice. Therefore, what is said and how it is said are important
influences to consider when presenting information. The use of conversatid@arsty
human voice allows students to create personal and relevant connections with the
information and encourage them to work harder to learn the material (M898), Zhus,
research suggest thatudents work harder to understand when they feel treynaa
conversation which reduces cognitive load (Mayer, Fennell, Farmer, & Campbell, 2004).
The personalized principle provides students with more cognitive resources to focus on the
material being presented so schemas can develop.

SegmentationThe objetive of the segmentation principle is to reduce cognitive load in working
memory when complex information is presented (Mayer & Chandler, 2001). The principle
claims that students learn better when the information is divided into short segments that
they @n control rather than continuously (Mayer & Moreno, 2003; Astleitner & Wiesner,
2004). Thus, deeper understanding and reducing cognitive load on working memory
happens when the student can integrate the smaller segments they fintivalggni
demanding i@ schemasefore moving on to the next set of segmented information

(Mayer & Chandler, 2001; Mayer, 2009). Mayer (2001) believes that allowing the student
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time to understand each segment facilitates their ability to make connections with prior
knowledge ad manage their cognitive load. Although providstgdentsvith control over
the material can increased learning gains, reduced extraneous load and improve germane
load, the segmentation principle should take their prior knowledge into consideration.
Prevous research studies report that students with higher prior knowledge experienced
high intrinsic and extraneous cognitive loads when the segmentation principle was
incorporated (Lusk et al., 2009; Park et al., 2009; Tabbers & Koeijer, 2010).
Coherence:The coherence principle objective is to reduce extraneous load by eliminating
irrelevant visual and auditory information (Mayer, 2005). The inclusion of irrelevant
information will cause unnecessary extraneous load on working memory which hinders
learning (Moreno & Mayer, 2000). Thus, students learn best when extraneous material is
excluded rather than included. According to Clark and Mayer, this is the single most
important principle and cautious selection of visual and auditory information is needed to
enswe maximum learning outcomes. All information presented should be relevant and
support the instructional goals so working memory capacity is available to make
connections. Therefore, designers should not add extraneous material in an attempt to
Aspiceompmake a boring | esson exciting for
impact on learning because the extraneous information requires increased cognitive
resources and prevent the student from building schemas (Mayer, Bove, Bryman, Mars, &
Tapangco,1996; Mayer et al., 2001; Moreno & Mayer, 2000a). Hence, Mayer suggests
taking a minimalist approach in which only the relevant material needed to achieve the

instructional goal is included.
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Redundancy:The redundancy principle objective is to reduce amdpus cognitive load by
ensuring unnecessary or similar information is not presented in multiple forms (Mayer &
Moreno, 2003). The presentation of redundant information through the visual channel at
the same time as the auditory channel will place greghitive demands on working
memory and hinders learning (Sweller, 2004; Clark & Mayer 2003). Thus, redundant or
repeated information should be eliminated to reduce extraneous cognitive load and decline
the load of the visual channel. Mayer and Moreno Belighat if the redundant visual
information is not removed it creates an additional step and causes students to attend to
both channels which slows essential processing (Moreno & Mayer, 2002). According to
Sweller, prior knowledge should be taken into agtdecause when students with higher
prior knowledge are provided information they already kndemandsare placedon
working memory because the schemsasglentsare trying to creatarealready stored in
their longterm memory (Sweller, 2005).

Modality: The modality principle objective is to present visual and auditory information at the
same tine to ensure dual coding occifMayer & Anderson, 1991, 1992; Mayer & Sims,
1994; Paas, & Merriénboer, 1994). Receiving information through dual channelsl instea
of a single channel creates a deeper understanding of material and effectively expands
working memory capacity to reduce extraneous load (Sweller, 2005). By expanding
working memory capacityhe student has more cognitive resources to process informatio
and create mental models (Kalyuga, 2008). Thus, students learn better when receiving
information through multimodality presentation because the visual channel is being off
loaded by some of the processing occurring on the auditory channel. Accorditagkto C

and Mayer, the modality principle is beneficial for students with little prior knowledge to
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organize the new information into coherent representations and integrate those
representations with other information to increase learning (Clark & Mayer,).2011
Therefore, the modality principle is most effective when intrinsic load is high and prior
knowledge is low.

Spatial ContiguityThe spatial contiguity principle objective is to coordinate information is space

to lessen cognitive demands on working mgm@ayer, 2005). When information
presented through multimodality is place close together, it reduces the cognitive demands
in working memory because the students domesdto hold the information in their
working memory while they search or wait forhltear or see corresponding information.
Thus, students learn better when visuals and text are presented in close proximity rather
than apart (Mayer, 2005). Although the spatial contiguity principtelsiceextraneous
cognitive load by closely placing infoation together so students can build
representations, it could create the spilt attention effect (Astleitner & Wiesner, 2004). The
spilt attention effecbccurswhen the visual channel @/erloadedwith too much visual
information; therefore, researckarautiondesignergo only include relevant information

so students are not forced to decide what information requires their attention (Mammarella,
Fairfield, & Di Domenico, 2013).

Temporal ContiguityThe temporal contiguity principle objective is xuce extraneous load by

have presenting auditory and visual information simultaneously. This prifieguseson

the temporal distance of information. Thus, students learn better when multimodality
presentation of information is temporally synchronized rather than separated in time
(Mayer & Moreno, 2003). Successively presenting information requires studeataito r

information in working memory while they search or wait to hear or see corresponding
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material which is cognitively demanding (Fletcher & Tobias, 2005). Therefore, the
temporal contiguity principle is needed to reduce unnecessary cognitive load by
coadinating information in time.

Voice: The objective of the voice principle is to provide multimedia learning instructions using a
human voice with a local accent rather than a machine or computer generated voice or
foreign machine (Mayer et al., 2003)his principle states that students learn best and can
better transfer knowledge from unaccented, human voices (Mayer, 2014). The inclusion of
a computer generated voice or foreign acce
in deep, active procesg of the information perceived and hinder performance on
problemsolving transfer tasks. This principle also suggest that people learn more from
instructional videos when words are presented in a conversational style rather than a formal
style (Kartal, ®10). According to Mayer and his colleagues, a conversational tone has a
great i mpact on a studentods ability to tra
the new task verses using a formal style (Mayer et al., 2004). Researchers found that
utilizing the voice principle increase generative processing of instructions and is driven by
the studentds processing of social moti vat
2009). Therefore, when thinking about instructional design, including the ypoicciple
will increase the social connection between instructor and the student because social
motivational cues have been shown to be a key consideration in improving learning.
Instructionaldesignprinciples were developed by Mayer and his colleagoesducational

multimedia technology can effectively lmveragedn the classroom to deliver material to students

without overwhelming them cognitively (Mautone & Mayer, 2001; Mayer & Johnson, 2008;

Mayer & Moreno, 2002; Moreno &layer,2006). If the eibt design principles are implemented
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properly, visual and auditory information can be presented simultaneously to students to minimize
extraneous cognitive load, foster essential cognitive procesamd) maximize generative
cognitive processing. The rediancy, coherence, signaling, spatial contiguégd temporal
contiguity principles address design features that reduce extraneous cognitive load (Chandler &
Sweller, 1992). Segmentation and modality principles are used to manage essential prgoessing
students have cognitive resources available to organize infornaataaeeper learning can occur
(Sweller, 2010). Using the personalization princigtedentslearning outcomes are improved by
increasing germane cognitive load (Mayer & Moreno, 2003). digbkt principlesconsiderthe
limitations of working memoryassumeof multimodality presentation and the active learning
process to provide designers with effective strategies to develop multimedia technology that meets

the cognitive needs of studentslanhances their learning experience.

2.3.6 Measuring Cognitive Load

Since there are many factors that influence cognitive load, it is difficult to measure the
amount of mental effort a person exerts while performing a specific task as well as the specific
type of load affected. Mental effort is how much effort is exerted by the participant to
accommodate taskedhands while mental load is cognitive demands imposed by thevtask is
measured using many different techniques. The major techniques cited litethiire are
subjective measurements, physiological measurements andandskperformancéased
measurements. Mental effort and mental load both contribute to cognitive load. There is a plethora
of assessmentavailable that measure specific cognitiveadotypes (i.e. NASA TLX, and
subjective rating scales) (Briinken et al., 2003; Leppink et al., 2013). However, therktstates
that it is challengingp measure specific types of cognitive load. Sweller and Kalyuga propose that

specific types of cogtive load can be measured by controlling for other types of cognitive load

52



and onedés prior knowledge (Swell er, 2011; Kal
cognitive load can be manipulated since manipulations of germane cognitive load wowlddef
intrinsic cognitive load (Kalyuga, 2012). Choosing the appropriate technique and measurement
tool depends on what the researcher wants to measure and must align to the specific objectives of
the study (Annett, 2002, p. 984). Below are the followeahniques and tools:

Subjective measurements are a direct or indirect way to report cognitive efforts using
scaled numerical values rating scales by participants (Kalyuga, 2011). These rating scales provide
a premeditated measurement of cognitive loadesihe scales are completed after the specific
task. Paa argues that in order for rating scales to collect accurate data the participants should be
capable of reflecting on thatognitionand indicating their mental efforts used (Paas et al., 2003).
Kalyga claims that since spontaneous measurement is not availeblmeasure may not be
reliable (Kalyuga, 2011, p.15). Subjective measurements are easy to implement and provide high
validity results. However, r e ent tuttuse orandieidual e n s i t
differences which may cae bias and have a hard time distinguishiegveen the three types of

cognitive load.

Direct subjective measuremeniBhe participant selfeports their perceived stress level after

completing a task. Sweller defines direct measuremeriithagsating of the difficulty of
the materialg, which is directly relateto the cognitive loadhe participant experienced
(Sweller, 1999).

Indirect subjective measurement$ie student selfeports their perceived mentffort through

evaluation of preand posttests or knowledge assessment to understand material after
completing a task. Researchers concluded that if stuijeetisrmanceimprove on the

posttest then studentsd extraneous cognit.i
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Medula, 2012). This technique is frequently used to evaluate cognitive load; however,

researchers found it difficult to explain how mental effoelates to cognitive load (Paas,

2003).

Frequently used subjective measurements are NASA Task Load Index, the Subjective
Workload Assessment Technique and the Rating Scale of Mental Effort (RSME). NASA TLX
and SWAT are multidimensional scales that hthes capability of measuring direct sources of
load instead of measuring overall workload. RSME is a simple and direct way to assess mental
effort; however, they are less sensitive to overall workload (Kalyuga, 2011). Paas developed the
Paas 6 me mating $caleewhi€hovastthe first subjective tool that demonstrate how people
can evaluatetheir perceived mental loadsing a mathematical numb@Paas et al., 2003).
According to Mayer, Paas6 scale is thedmost L
within the CTML literature (Mayer, 2009).

Objective measurements are performance and behavior measurements to understand
cognitive load. Objective measurements can also be collected directly or indirectly. Performance
based measures evaluate the ovgralla | i t y of cognitive | oad by d
wor kl oad from the participantds performance wl
that high performance is the result of low cognitive load (Brirdtead., 2003). Performance is
commonly cited measure of cognitive load tisadlifficult to differentiatebetween the three types
of cognitive load (Mayer, 2011).

Direct objective measuremenidirect objective measurements use physiological and behavioral

measures to evaluate total cdye load through brain activity during a task. Direct
objective measurement should be used in a controlled setting with small sample sizes

(Tabbers & Van der Spoel, 2011; Whelan, 2007). The limitations of direct measurement
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are the inaccurate measuremehthigh order thinking abilities and not being able to
distinguish which cognitive load is being affected (Sweller, 2011). If the task requires the
student to think critically then direct objective techniques cannot accurately measure

cognitive load (Justt al., 2001; Whelan, 2007).

Indirect objective measurementdie participant selfeports their perceived level of difficulty and
stress (Whelan, 2005). This rating determines the overall cognitive load and specific types
of cognitive load affected aft@iewing information or completing a specific task (Briinken
et al., 2003). Indirect objective measures help to measure cognitive load as well as
differentiate which type of cognitive load is affected. This is the m@stmonlymethod
for investigating cogitive load effects.

Behavioral and learning outcome measures are the most used direct objective techniques.
Another techniquénvolvestime needed to solve a problem. According to Bruken, the more time
spent on a particular tasthen the more difficultite taskis which results in high cognitive load
(Brunken et al., 2005). Moreover, he also believed that little time spent on a particular task could
result in high cognitive load because the student stops committing cognitive resources to learn
(Brunken etal., 2005). The main limitation of this technique is the incapability of measuring
distinct sources of load of cognitive load and low sensitivity to changes in the task.

Physiological techniques are an indirect objective approach to measure cognititag load
examining t he participant s p hofferian limpwvea a | ac
understanding on which of the three cognitive load types is effected following a single or repeated
approach or experiment for the same pei@vhelan, 2007). Cogtive efforts are measured by
evaluating the change in physiological indicators such as heart rate, eye activity, galvanic skin

response and brain waves (Whelan, 2007, p. 3). This data is collected continuously and
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automatically during an experimental sgud\lithough researchers believe changes in cognitive
functioning are reflected in physiological indicators, they have some concerns for using this
technique (Paas & van Merriénboer, 1994). These measures are invasive, expensive and are
difficult to repeat(Luximon & Goonetilleke, 2001). According to Zhang and Luxinfdhang &
Luximon, 2009, this technique may include personal and environmental bias that do not pertain
to the taskBrunken, Plass, &eutner, 2003

Dual task methodology is another objeetivapproach that provides concurrent
measurements of cognitive load that requires the participants to complete primary and secondary
tasks simultaneously. Since the two tasks are processed at the same time, the performance score
after completing the primamask is compared to the score on the primary and secondary task to
determine the amount of cognitive load imposed by the primary task during critical thinking
activities (Bruinken, Plass, &eutner, 2003). Assuming cognitive demands increase, additional
resources are utilized, which will result in increased cognitive load. The additional resources
needed to complete the secondary taskld be limited by what is alreadyilized on the primary
task. Selecting and implementing an effective secondary task is difficult for researchers because
the seondary task should not intervenéth the primary task and both tasks should use the same
cognitive resources (Sweller, 2011). If #exondary task is ineffective, it could lead to cognitive
overload which decreases primary task performance and increase extraneous cognitive load
(Whelan, 2007).

Although many researchers have tried to investigate how to quantify cognitive load, a goal
standard technique has not been identifiddn( Gerven et al., 20Q4olker et al., 2005; Paas &
van Merrienboer, 1993; Daers et al. 2004 Research concludes that as of now, subjective

measurements are the best available techniques&sure mental effo(Zhang & Luximon,
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2015). Since direct objective measures are too invasive, subjective rating scales are more practical,
cost efficient and effective. Also utilizing multiple measures careleragedio enhance the
accuracy of measuring mental effor®egardless of the techniques used, it is important to
accuratelymeasure mental effortso students can achieve their maximum workload while

maintaining their performance level.
2.3.7 Limitations

CTML has developed a theoretical framework that provides guidelines for effective
instructional design that consistently have shown positive effects on learning. However, there are
a few limitations in the literature when applying CTML, i.e., ecologicatlity, generalizability,
and measuring cognitive load. Many researchers have investigated the effectiveness of combining
several of the design principles in a controlled experiment while only a few studies have been done
to examine individual principlesfodesign to validate the framework. Highly controlled
experiments have produced significant learning gains; however, the results are not generalizable
and do not translate to a traditional classroom environment (Tabbers et al., 2004). Many studies
addresshe cognitive needs of students however, it is difficult to measure cognitive load, especially
in children, so more studies are needed to address this. Moreover, when designing for children, it
is difficult to evaluate their prior knowledge and accowontlfie differences in prior knowledge of
each individual student. In most of the studies, prior knowledge was evaluated using pre
assessments (Mayer, 2010). However, Sweller recommends developing a more robust assessment
that can alter content presentatiarresponse to the input and cognitive changes in the student

(Sweller, 2005).
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2.3.8 Conclusion

Research supports that applying the principles of CTML will improve the cognitive
processing of studenta a technology enhanced environmehtager, 2010 Aldalalah, 2012;

Florax & Ploetzner, 2010). Mayer leverages other cognitive theories to explain how the human
brain processes i nf or mat i on .ory Bffuended ICEMLOby t heo
providingan understanding of the limitations of working memory tedrole of prior knowledge

to creating schemas. Paiviods dual coding th
optimize the way information is presented to reduce cognitive overload. The aforementioned
theories form the basis for CTML that humafoimmation processing uses dual modality channels,

which are limited, that allows for information to be actively organized and integrated with prior
knowledge for learning to happen (Mayer & Moreno, 2003; Moreno & Mayer, 2000; Garner et al.,
1989).

Studiesi n the | iterature havenot i nvestigat et
development of schemas in the working memory. The literature also has not addressed which
principles are most effective at reducing intrinsic and extraneous loads while incigasivane
cognitive loads. To address the gaps and limitation of the literature, this research will use the
guidelines provided by CTML to design the GLAR application to account for limitations and the
principles to effectively deliver educational content simdents to optimize their cognitive

processing (Mayer & Moreno, 2003).
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3 Understanding the Role of Prior Knowl

3.1 Introduction

The National Educational Technology Plan of 2010 believes that one of the most powerful
ways totransform and improve 2 STEM education is to instill a culture of innovation through
the use of technology (Polly et al., 2010). Recently, technology such as augmented reality (AR)
has been used by teachers to batrstudersdlack of motivation and egagement in traditional
classrooms. However, AR has the potential to do more than increase engagement and motivation
due to deviation from traditi@classroom instructiony completely changgthe overall learning
experiences of students. Research hasva that when correctly deployed in the classrogk®
canimprove memory recall, kinesthetic and experimental learning, spatial abilities, and increase
motivation and collaboration amongst students when compared to traditional classroom

approaches (Pollgt al., 2010; Morrison et al., 2009; Kaufman & Dunser, 2007).

Along with using new novel technology, another way to captivate students is to gamify
their learning environments. Through gamification, gdrased mechanics and gaiiie
elements are used antraditionally norgaming environment to engage students to solve problems
and learn as if they are playing a game. Researchers believe gamification is a way to creatively
incorporate educational play in a course without jeopardizing the academic frigarioulum
(Deterding, Dixon, Khaled, & Nacke, 2011). With the successful usage of game elements (e.g.
rewards and leaderboards) the delivery of information in an activity can be transformed into an
effective learning environment. The application of garation in educational settisdias been

associated withmprovel critical thinking and multtasking, as well as develognt of other
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cognitive skills necessary for students to be successful (Kapp, 2012; Prensky, 2001; Shapiro,

2015).

Although learning an be enhanced by implementing technology in the classrodiy or
gamifying the learning environment, i$ important to take into accousastablishedearning
theories that support how students learn (Kirkw&dérince, 2005). Before implementiragnew
tedinology sich as gamified AR in the classroom, the educatipogbose ofts use should be
grounded in learning theories in order for the technology &dfeetively designed angsed. Also,
the most critical challenges that researchers must overcofffecis/e integration of gamified AR
in the classroom to reduce cognitive load, engage students beyond the novelty effect and increase

transfer of knowledge (Appleton, 2005; Clark & Mayer, 2003; Paas et al., 2005).

Many theories have been developed to esslitechnology integration while focusing on
the principles of learning and the effects of technology on cognitiguarticular, theCognitive
Theory of Multimedia Learning (CTMLpddresses how information should be presented to
account f o itedworkimginemdrys@rML focases on the mental processes of students
so they can actively process information presented without experiencing cognitidimyet,
1997). This research leverage CTML to guide instructional design of gamified learning AR

(GLAR) applicatiors while evaluating the cognitive effects GLAR on students.

3.2 Purpose of the Study

The goal of this study is to reveal how the use of gamified AR effects the cognitive system
of students with and without prior knowledge of the learning eantén additioml aim is to
generate recommendatiofts using game elements to design gamified AR activities to account

for cognitive load. Prior knowledge is an important factor in the ability for students to generate
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inference and create new knowled@f@ncherKiefer, 1992; O'Reilly & McNamara, 2007),

organize new knowledge to form mental representations (Rawson & Kintsch, 2004), and generally
improves comprehension (Lipson, 1982; Shapiro, 2004). CTML exartiiagrocess limitations

of st ude mtnedory vaondthkir ability to handle multiple bits of information
simultaneously (Mayer & Chandler, 2001). CTML assumes that prior knowledge is necessary to
overcome these | imitations and enrich studen
presentd (Mayer, 2005). Although positive relationship between prior knowledge and learning

has been supported in the educational psychology literature (Shapiro, 2004; Thompson &
Zomboanga, 2003), further research on the effects of prior knowledge when ckimgidgy is
needed to bring more clarity onTheretoneagoalofi nf |l ue
this study is to investigate the effects of prior knowledge on studsaignitive load In addition,

we will examine which game elements students perceive as helpful and distractingaduring

gamified AR activity.

For this study, focus groups were utilized as an approach to gather information from
students on how to improve the developmenGoAR applications and how the use of game
elementgnayminimize or maximize cognitive load. The effects of prior knowledge on knowledge

creaton was examined using pfpost assessments and cognitive load surveys.

3.3 Related Work

3.3.1 Prior Knowledge

Bloom (1976) suggested that ofl®alf of the variance on relevant cognitive achievements
measures can be explained by Athose prerequis

which are essential to the learning of a particular new task or set of tAsksrding toDochy
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(2002), prior knowledge generally explains between 30 and 60 percent of the variance in study
results and overrules all other variables. Researchers such as Newman and Schwager (1995)
investigated how students with different levels of pkaowledge seek help during problem

solving activities in math while Duff (2004) examined how prior knowledge, among other
variables, affected how firgtear accounting and businestidents approachddarning. Lee,

Pliskin, and Kahn (1994) examinedthér@at i onshi p bet ween perfor man:
knowledge in a computer science course. The results of these studies indicate significant
correlation of prior knowledge on learning. These studies found that students with prior knowledge

had a signitantly higher performance than students without prior knowledge. These studies
strongly suggeghat prior knowledge is an important factor which plays a vital a role in facilitating

students6é cognitive achievement s.

Piaget's (1985) theory of cognitivewklopment suggests that prior knowledge is the key
to learning development. Mayer expressed the importance of prior knowledge on processing
information when using educational technology. His research suggests that using multiple
channels to produce mentapresentations allows students to integrate the information presented
with prior knowledge to construct new knowledge (Mayer, 2005). Research conducted by Contero,
suggests that AR supported by CTML can be used in the learning environment to redune gaps

a studentdés knowledge and significantly accou
332 Why a studentds perceptive approach?

ecoCampus waan educationabasedAR simulation game that was creatdimprove
sustainability education of engineering students through the developmest@arhtion(Ayer,
Messener & Anumba, 2013). Situating ecoCampus allowedykat engineering students to

ficreate a variety of hypothetical design concepts, visu#liiase designs in the context of an
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existing space, and receive performance feedback about those concepts related to sustainability
and other key building metricsFive weeks after the implementation of ecoCampus in the
classroom, students participatedfatus groups. The small focus groups offered students the
opportunity to share their overall perceptions of the AR activity and have an open discussion with
their peers on how they felt about ecoCampieedback from théocus groupsessions helped
reseachers understand how instructional principles can be used to build other AR applications
similar to ecoCampus. Researchers concluded t
to understand how students interacted with the applicatiorip@aih nsight onwhetherstudents

felt ecoCampus provided them with enough information to make effective decisions and increased

their interest in the building design process.

Ayer,etaldemonstrated that a studentds 9percept
structured method to provide their thoughts on how AR learning activities can increase their
knowledge of design content and impact their learning environment. Although focus wereps
not anonymous, students felt comfortable giving their feedback in sessions because of the
unstructured format and support of their peer
perspectivethrough focus groups provides researchers withinformation because students are
able to openly discuss their experiences as Ww

and opinions (Morgan, 1996).

3.4 Experimental Testbed Celestial Blast. A Gamified Learning AR application

For this researh, a custom GLAR application was built to serve as a key testbed
component. Unlike other AR applications that regpadicipantdo wear heasmounted displays
or use spatial projectors, this study developed a handheld-basiket AR applicatiorCelestal

Blastis an interactive AR game developed to reinforce the mathematical concept of angles to
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participants The goal of Celestial Blast is fguarticipantsto identify and classify incoming
asteroid @ngle of attack as right, obtuse, acute or straiglance identified and classified,

participantsmust useturret to measure and then destroy astsroid

Celestial Blast was developed in the COGENT Lab at Virginia Polytechnic Institute and
State University by five undergraduate Computer Science stuggngsUnity and the AR ToolKit
library. To deploy Celestial Blast requires an Android tablet to render the virtual information and
a printed AR marker to position the virtual informatioto therealworld scene. An AR marker
is aprintedpattern or pictte that contains a pqgrogrammed visual pattern that the tablet camera
can recognize and use to determine the position and pose of AR content. The marker used in
Celestial Blast was movable, allowing tharticipantsto view the virtual objects from diffent

angles (Hubbard, 2009). For this gamified AR activity, the marker stood up vertically in front of

the tablet so it was wiewdtaltimes (seefigurgd | et camer a

Figure 3: Experimental Setting
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The learning contenised to inform the design of Celestial Blastme from the Virginia

Department of Educatiof” gradecurriculum. The GLAR application addressed two specific

l earning aims adopted from Virginonastdesthdti ¢ Sc
participantsshould be able talentify and classifangles as right, obtuse, acute or straight. The
second aim states thparticipantsshould be able toneasureright, obtuse, acute and straight
angles. The application was designed byetaging principles of gamification and CTML.
Celestial Blast is composed of six gamification elements: rewards, freedom to fail, progress,
feedback, score, and levels. Each gamification element is integrated into the application design to
help participans interact with virtual objects and focus their attention on understanding the
learning content. Based on CTML design principles, the application utilizes dual channels of
modality to allow for visual and auditory processing. Also, auditory and visuaimatmon is
presented simultaneously to redupea r t i ccogmiiva foadéwhen interacting with the

application.

Celesial Blast, as shown in figurg #was designed around the theme that there are friendly,
peaceful and s up e paritipamsy Haitiggpantshsaov et htaot snaeveed t h e
town (shown in green, below the turret in figurefl®dm being destroyed by incoming asteroids.

The asteroids and pdalyasing AR andocannonlhyalseen thsongh the v i r t
Android tablé. Each asteroid approaches the town from a different angle and is labeled with a
number denoting incoming angle of attack in degrees. The town is rendered on the marker in one

of three color coded states. When the town is green, itashemalthy, strongonditiort when the

town is yellow it indicates that the town has been hit by two astemndiswhen the town is red,

it is very close to destruction, and a single additiasétroid hitwill destroythe town On top of

the town, a turret is rendered thparticipantsmanipulate in order to destroy incoming asteroids.
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The bottom of the screen displayge health bar, the amount of ammunition remaining, angle
classification and score. Tieath barallowsparticipantst o t rack t he health of
ammo remainingracks how much ammunition is left, aadgle classifications correlated to the

position of the turretParticipantamust pay attention to thtextthat correlates to the turret angle

as wel. For example, it the turret is at twelve degrees the classification will indicate acute.

To play the gameparticipantsposition their finger on the tablet surface to drag the turret
along an invisible protractor arc. Once the turret position andnijle af the incoming asteroid
match participantgelease their finger to fire the laser and destroy the asteroid. The more accurate
the laser fire, the more poinparticipantsearn. Also, the longgrarticipanb s keep t he t ow
the more points andvamo they will earn. Accurately matching the angles of the incoming asteroids
to the angle of the turret will also conserve ammo. Waaticipantsun out of ammo, they can
refill by correctly answering questions about angles. Questions were adapted ifigimaV
Standards of Learning sample and practice questions on the topic. If a question is answered
incorrectly, participantscan no longer protect the town and the game is quickly over. Once the
game has endegarticipantscan keep replayinguring theremaining allotted activity time to

attempt to set a new personal or classrbagh score.
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D D 0] Score: 319.

Figure 4: Celestial Blast Interface

3.5 Methodology

This section outlines the research questions, describes the research desigiudesithe
approaches used to address the research questions. It also outlines characteristics of the
participants, research setting, instrumentation for daféeation, research limitations and

assumptions

3.5.1 Research Questiorad Hypotheses

The studyaddresses the following research questions:

ResarchQuestion 1Does prior exposure to learning content have an actual and perceived
effect on GLAR performance?

Hypothesis (H): Thereare significant actual difference in GLAR performance between

students with and without exposure to learning content
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Research Qestion 2:Does prior exposure to learning content effect cognitael lwhen

using GLAR application ACel esti al Bl ast
HypothesigH2): Thereare significant difference in cognitive load between students with

and without exposure to |l earning conten:

Bl ast o.

Research @estion 3Will engagement with GLAR improve contebased learning gains
for sudents with and without prior exposure to learning content?
Hypothesis (13): Engagement with GLAR improves contkased learning gains for both

students with and without prior exposure.

Hypothesis (H4): There is no significant difference between conbarsed learning gains

for students with and without prior exposure.

3.5.2 Research Design

This study used a mixed method, betwsabjects twegroup experimental design with
purposivesampling. Both quantitative and qualitative datreused to examine the pegtion of
participantswith respect to cognitive load, contdrdased learning gains, user experience and
usefulness of gamification elements. Participants were broken in two groexyserienced
participantsandnoviceparticipants Sincepurposivesampling was used to gathgrticipantsthe

groups were naturally occurring and not randomly assigned.

3.5.2.1 Independent and Dependent Variables

This study has one independent variable which was griowledge, with two levels,
novice and experiencedaticipants were considered novice if they did not have prior exposure

to the learning content which was confirmed by their school teacher. We considered participants
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experienced if they had prior exposure to the learning content during thé 2016 acadaic

year.

The dependent variables of the stuwBreresults on prépost assessmenlegarning gains,
average game score, highgate scorenumber of plays and cognitive load scofidse dependent
measures were collected through sefforted ognitive load surveygNASA TLX), pre/post

assessments a®@LAR game metrics

1 Pre/Post assessmentresults: prea s s e S s me nt deter mi ned t he

understating of learning content before exposure to Celestial Blast. The results ranged from

0 (lowed/no questions answered correctly) to 10 (highest/all questions answered
correctly). Theposh s sessment determined the particip
learning content after exposure to Celestial Blast. The results ranged from 0 (lowest/no
gusstions answered correctly) to 10 (highest/all questions answered correctly).

1 Learning gainsthese gainsra calculatedas thedifferences betweenpre- and post

assessment resyland ranged fron3 (lowest/worst) to ghighest/best)

1 GLAR game metricsaverage score across all games played, highest sichievedand

number of game playStudents had the freedom to fail and replay Celestial Blast multiple
times within the allotted time, the number of game plays can ranged from 1 (best) to infinite
(worst).

1 Coagnitive load scoresaverage workload from NASA TLXurveyranged from Olowest

workload) to 1 (highest workload).
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3.5.2.2 Focus Groups

The study also utilized focus groups to capfura r t i @erge@ion®rshow the gamified AR
activity affected them cognitively, it also helped researchers understand how participants
perceived the application and identify what gamification elements kept themedoonsthe

learning content.

3.5.3 Participants

Understanding the target population is crucial ponent of establishing a valid
experiment with reliable data and conclusion (Creswell, 2009). Most of the existing literature
investigating AR as an educational tool has included participants in higher education, e.g.,
community college and fowrear uniersities (Appleton, 2005). To expand on this body of
literature, the target population for this study was fifth grade students froml Bteools in
Virginia Public School system. Titleis a funding program provide by the U.S. Department of
Educationt o fnassi st I-rskstudentcwhonaee sauggling academically to obtain a
high-quality education and reach, at minimum, proficiency on challenging state academic
achievement standar ds aentdfEEsaiens20he Téll fanding( U. S.
was created out of thed\Child Left BehindAct of 2002 with hopes of closing the achievement
gap between students in low socioeconomic and-imigbme communities. This study engaged
35 participants from four different elementary scsanlthe Soutlwestregion of Virginia. Each
school had fifth grade classroom sizes between 9 to 16 students. All partieyea@tsducated

through grade four and passed Virginia SOLs in order to move onto the fifth grade.

We gained access foarticipantshrough Virginia Tech Kindergarterto-College (K2C)
program. This program was developedinspire potential firstgeneration college students

pursuedegrees imigher educatiorkK2C brings fifth grade students from Titlschools in Virginia
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to Virgi ni a Blackshbutgsampus to participate in STEM activities and gain 4rahd
exposure to cutting edge research and technolbbgre was a total of four schools who
participated in the study, twechoolsprovided access to novice participants arel dther two
schools provided access to experienced participémisvidual schools visited Virginia Tech

Blacksburgcampuson separate occasions over the course of one month.

The experiencedgroup contained 17 participants, andnovice group contained 18
participants It was assumed that both groups had acbasderstanding of a protractatich

allowed navigationthrough theGLAR application without being completely confused.

3.5.4 Research Setting

This research occurred during tlspring semester of the 2®-2017 Virginia Tech
academic school year. The study was conducted on the VirginiaBlacksburgcampus in a
controlled classroorto alleviate potential distractions such astafkparticipants hallway noise
or interruptionsand control for lightingNatural outdootighting can cause glare on the tablets

and preventabletcamera from reliably detecting ARmarkes.

Inside the classroomparticipantssat ingroupsof six. However, eacparticipanthad their
own Android tabét and marker. At the start of the study, the marker was placed directly in front

of participantsout they could move it at any time per their preference and desire.

3.5.5 Instrumentations

3.5.5.1 Pre/Post Assessments

Inordertoevaluatp ar t i ci p ant gebnamles, panricipknis aveve geveh a-pre
assessment that included questions derived from previous SOL assessments. To evaluate whether

or not new knowledge was created after interacting with Celestial Blast,-aapssssment was
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also administered. Botthe pre and postassessment hadrtquestions that required participants

to demonstrate their ability to identify, classify and measure angles. Althbegire and post
assessments weseparateboth usednultiple choiceformat for questionso mimic the style of
actual SOLtests The SOL questions used were stapproved in accordance with Virginia
Department of Educatioguidelines andneetstate educational standards. The assessments were

deemed reliable and an effective assessment instrumesitigteyadministrators.

3.5.5.2 NASA Task Load Index (TLX)

NASA TLX (Hart and Staveland, 1988) was used to assess a direct, subjective
measurement of participantso percei VieedlLXcogni t
containsmultidimensional scaleassessingix dimensions: mental demand, physical demand,
temporal demand, performance, effort, and frustration. Table 2 provides a summary description
for each dimension as well as the endpoints used in their measuring scale (Valdehita, Ramiro,
Garcia, Pente, 2004). Each dimension operates on-pdiit ordinal Likert scale (1 = very low

and 21 = very high).

Through extensive validation studies, Hart and Stavel@sdwell as others) have
establishedNASA TLX as avalid and effective measure of se#fpated cognitive load.
Addi ti onal researchers concluded that NASA TI
variance in cognitive load (Bortolussi, Kantowitz & Hart, 1985; Byers, Bittner & Hill, 1989; Hart

& Staveland, 1988; Haworth, Bivens & Shively386; Vidulich & Tsang, 1986).

The NASA TLX was not altered from its original state amden analyzing data from the
survey,researchers choose to use the raw scores instead of weighted scores. The use of raw scores
has been recommended when broad segmehtwork are examined; weighted scores are

recommended when specific work tasks are examined or when different work segments are
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compared (Hart, 1992)t was determined that elementary school students are capable-of self
reporting their perceived menteffort using an ordinal scakuch as NASA IX thereforewe
expect NASA TLX to bea valid instrumentor this age demograph{®aas & van Merriénboer,
1993;Brown, 1999pPaas et al., 200&opher & Braune, 1984Also, according to FleseKincaid
Grade Leel Readability formula and the Automated Readability Index the understandability and

reading level of the NASA TLX corresponds to a fifth grade level.

Table2: NASA TLX Rating Scale
Title Endpoints Descriptions
Mental Demand  Low/High How much mental and perceptual activity was required (e.g.
thinking, deciding, calculating, remembering, looking, searching,
etc.)? Was the task easy or demanding, simple or complex, exacting
or forgiving?

Physical Demand Low/High How much physical activity was required (e.g. pushing, pulling,
turning, controlling activating, etc.)? Was the task easy or
demanding, slow or brisk, slack or strenuous, restful or laborious?

Temporal Low/High How much time pressure did you feel due to the rate or pace which
Demand the task or task elements occurred? Was the pace slow and leisurely
or rapid and frantic?

Performance Good/Poor How successful do vou think you were in accomplishing the goals of
the task set by the experiment? How satisfied were you with your
performance in accomplishing these goals?

Effort Low/High How hard did you have to work {mentally and physically) to
accomplish your level of performance?

Frustration Level Low High How insecure, discouraged, irritated, stressed, and annoyed versus
secure, gratified, content, relaxed, and complacent did you feel
during the task?

3.5.5.3 Focus Group
This research usdocus groupsd gather information from the participants on the overall
usefulness of the GLAR application amdh et her p aognitivecloag sanareiask @r

decrease while interacting with GLAR.

Krueger and Casey (200@efined focus groups s : i a ptaanedediscussiory

designed to obtain perceptions on a defined area of interest in a permissive, nonthreatening
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environment. ... The discussion is relaxed, comfortable, and often enjoyable for participants as
they share their ideas and perceptions. Groambers influence each other by responding to ideas

and comments in the discussion. o

Focus groups allow a small group of six to ten participants to have an open discussion led
by a moderator (Patton, 2005). The role of the moderator is to ask questiondisgussion on a
particular topic ends and to redirect participants when they began to get off topic. The goal is to
generate the maximum amount of different ideas and opinions from as many different participants
in the allotted time. Participants shouléef comfortable sharing their views without
constraints. Focus groups are structured around a set of predetermined questions but allow
participantsd discussi on -upaquediiens arenused asuneetled toe d .

clarify and expoundongpr t i ci pant sé answer s.

For this work, focus groupdicitedp ar t i c i p a n ttetaimgobetp segearchers v e s
evaluatep ar t i cperqeiaed tcogritive loadndthe existing GLAR application, as well as
garnerfeedback on how to improve future GLA&plications to minimize cognitive load. The
focus groups allowed participants the opportunity to express their thougbtselystructurel
setting and interact with other participants during the discusBmrthis research, focus group
discussionswere audio recorded and the moderatook extensive notes to help with the

transcription process.

3.5.6 Data Collection Procedures

This studyemployeda five-step process

1. Introduction toResearcieam andCelestial Blast Instructions-10 min)

2. Pre Assessmer(t10min)
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3. Interact with Celestial Blast (~30 min)
4. Post Assessment (~1@in)

5. Focus Group Interviews 20 min)

First, participants were introduced to the primary researcher and designer&GafAtRe
application. The research team gave a presentation o igatructions and showed an example
on how to use Celestial BlasThis presentation occurred during the first 10 misuté the
gamified AR activity Next, participants completed a pessessmersurveyto evaluate their prior
knowledge by answering 3@uestions on a specific mathematical area (i.e., angles). Researchers
gave verbal instructions and answered questions as needed. Following -tfesg@®sment,
participants interacted with Celestial Blast individually for thirty minutes. During game play
researchers walked around to assist participants if they had any questions on the learmhg conte
or AR interface (see figure 3~or example, if a participant was having trouble seeing the graphics,
the researcher instructed the participant to manipulate or move the AR marker to increase or

decrease their field of view or rotate the graphic.
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After the learning activity, all participants completed the passessment to evaluate if

Figure 5. Researchersssisting participants

there were any learning gains. Following the passessment, participants completed the NASA
TLX, which allowed them to selfeport their cognitive load during the gamified AR activity. Once

again, the researchers gave verbal instructions and answered questions as needed.

During the final step, participants were placed in groupsasfd® to participate in focus
groups.These goups were homogenous with respect to prior knowlesigee only one school
participated in the study at a timkhey sat in a circle and two researchers joined each group. One
researcher served as a note taker and observer while the other researcti@ssbevenoderator.

The moderator asked participants questions and facilitated the conversation. If they noticed one of
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the participants was not engaging in the conversation, the researcher purposely directed a question
to that participant. This was an immpant strategy to ensure focus group data included feedback
from all participants.

3.6 Results

3.6.1 Research Question 1

Does prior exposure to learning content have an actual and perceived effect on GLAR

performance?

3.6.1.1 Descriptive Statistics

Actual GLAR performance was analyzed using three game metrics of Celestial Blast: (1)
average game score, (2) highest game score(&naumber of game playBescriptive statistics
for these three game metrics by prior exposure can be found in tables 6, 7, hadi8tarlshows
novice students had a median average game score of 1045.86, with minimum and maximum
average game scores of 516.76 and 3044.25 respectively; median highest game score was 2705
respectively, with minimum and maximum highest game scores of 44@®520; and median
number of plays was 7, with minimum and maximum number of plays of 4 and 17 respectively.
Experienced students had a median average game score of 1279.72, with minimum and maximum
average game scores of 349.615 and 7025 respectmetian highest game score was 3447.5
respectively, with minimum and maximum highest game score of 1170 and 9174; and median

number of plays was 7, with minimum and maximum number of plays of 1 and 13 respectively.
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Table 3: Desciptive Data for Number of Game Plays by Prior Exposure

Percentile
M SD n Min Max 25 20 75
Novice 8.647 3.904 17 4 17 6 7 12
Experienced 6.389 3.664 18 1 13 3 7 9

Note.Lower number of game plays resulted in improved GLAR performance

Table4: Descriptive Data for Highest Game Score by Prior Exposure

Percentile
M SD n Min Max 25 50 75

6520 1675 2705 4075

Novice 3138.52 1555.79 17 1420
2091.25 3447.5 6809.75

Experienced 4166.78 2544.167 18 1170 9174

Table5: Descriptive Data for Average Game Score by Prior Exposure

Percentile
M SD n Min Max 25 50 75

516.76 3044.25 807.78 1045.86 1679.29

Novice 1340.98 742.49 17
7025 618.06 1279.72 3342.65

Experienced 2117.88 1886.14 18 349.62

78



Average Game Score

7000

6000

5000

4000

3000

2000

1000

Novice Experienced

Figure 6. Average Game Score by Prior Exposure
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Figure 7. Highest Game Score by Prior Exposure
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Figure 8. Number of Game Plays by Prior Exposure

3.6.1.2 HypothesisTesting

Hypothesis (H1)Thereare significant actual difference in GLAR performance between students

with and without exposure to learning content.

KruskalWallis tests were conducted on each of these measures to evaluate differences
between students witland without, prior exposure to the learning content. All three tests found
nosignificant differences (tablg§1) averageggame score, Z = 0.54p= 0.586, (2) highest game

score, Z = 0.908) = 0.364 and (3) number of game plays, Z = 1.428+ 0.153 therefore, we
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can reject hypothesis 1 and assupner exposure to learning content does not have an actual
effect on GLAR performanceThe effect size was also calculated to better understand the

magnitude of the difference between groups (%ali & Richard, 2012)Using the Z score

obtained from KruskaWallis analyses, the Wilcoxon effect size was calculated usin%—_r, =
wheren is the total number of sampleBhe Wilcoxon effect size is considered large when it is
more than 0.5, medium wh it is between 0.3 and 0.5, and small when it is less than 0.3 (Grissom

& Kim, 2012).Therefore, the effect size for average game scores, highest game score and number

of plays are deemed small.

Table6. GLAR performance KruskaWallis Test Results

n Chi-square  df p-Value Z-Value R
Average Game Score 35 0.3148 1 0.586 0.545 0.092
Highest Game Score 35 0.854 1 0.364 0.908 0.153
Number of Plays 35 2.088 1 0.153 1.428 0.241

3.6.1.3 Qualitative Coding Process of Focus Group Data

Once the focus group interviews were completed, rderdedconversations were
transcribed and analyzed using a thstsp coding process. Throughout the coding process, we
notedour thoughts in analytical memos to help make comparisons amongst theieatammes
and clusterand ultimate deriv&ey themes. In open coding, categories evolved from the analysis
of the transcripts by grouping words and phrases together. The outcome of the open coding process
was the emergence of 25 categories. Some ofetherging categories were frustrations,
engagement, functionality, collaborations, novelty and gamification elements. During this step,
memos allowed us to determine how to begin to explain how GLAR impasttetent
performance. Next, axial coding helpedyeggate the categories to identify codes that describes

relationships amongst categories. Codes were grouped together by category and subcategory to
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make sense of the focus group data. This was an iterative process, in which we constructed,
deconstructedand reconstructed categories and-sategories tadentifyl3 key codes that were
effective at explaining and making sense of the data. Lastly in selective coding, we developed
meaningful clusters that connected together related axial codes that exmainstudents
perceived their GLAR performance. The clusters were compared and contrasted with each other
to investigate interconnections between novice and experience students. These clusters were

subsequently developed into the five key themes.

3.6.1.4 Qualitative Findings of GLAR performance by Prior Exposure

The qualitative codingf the focus group transcripts uncovered five temesFirst, the
use of gamification elements had a positive effect on game performance for both students with and
without prior exposure to the learning content. Second, understanding of learning content impacted
students game performance. Third, studentsrteg that their sense of engagement was beneficial
to their GLAR performance. Fourth, students reported feeling stressed and frustrated with the game
functionality and design. Fifth, both students with and without prior exposure to the learning
content rported that PLearning was important for successflAR performancePLearning was
a term defined by the participant as play and learning simultaneoiislg .five key themefom
the qualitative data further explains the quantitative results to creatbeadescriptionof the
overall findingsfor research question one

Below we outline thekey themes by participant classificatiand identify significant

statements from the raw focus group transcgee table 7)
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Table7. Key Themes from Qualitative Coding

game because it was not realis
and | wanted it to be related
sports. o

il i ke seei ni
feedback because | know | wj
pl aying the gan

Al f | ooked at
game | would have been stresse
keep getting a higher scor
therefore, | waited until the end {
the game to look at my sco
because | wanted to focus on t

asteroids. o

AfBei ng abl e t d
throughout the game was helpf
and the best pa

Themes Novice StudenExperienced St
Useof Gamification |[Ai The i nfor mati dAiThi s game W
Elements the screen in the progress I becaus | kept wanting to get

helped me be successful atplaythi gh score. 0
the game. 0
Al d i lide the dheme of th¢ i | was comfor

game because the progress bg
the bottom hel

NRBeing abl e t ¢
game after dying was helpf
and motivated me to kee
getting a bett

il | i iy the | leveld
because | was doing somethi
rewarding like saving th
pl oofs. 0

AThe +30 and
helpful to know how | was
doing. o

Understanding of
Learning Content

fit was hard for me to mak
connections between the angles :
i ncoming aster
would have known more aboi
angles before playing the game.

fiSeeing the number on ti
asteroids helped me to ma
connections on what the ang
classification was

fiThe AR helped me to visualize tf
angle and made it easitor me to

identify and classify the anglés.

fiSine | got my angles down
wasnot stresse
to shoot an acute angle | kne
what an acute angle was.

fil had to put in a lot of effor
because the game requires a
of concentration and focy
especially when they startg
coming fasten

il died a few times because
thought 90 was acute but | w
taught acute was less than
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fiMy performance was bad becau

I di dnot know
angleso
iSi nce I di dnot

had to think harder to rememb
what the classification was and
made me a little stressed.

degrees but from the game
learned 90 is a right angte.

fiThe game was easy becaus
understand how to identify an
classify angles.

i lwas able to develop ar
reinforce my angle knowledg
quickly by playing the game.

Benefits of
Engagement

il was not stressed playing tl
game because it kept me engage

fiThe game was engaging, and |\
upset | didnot

fil would give this game a 9 oof
10 on the engagement sci
because playing in real world wi;
better than paper.

fiThe game was entertaining a
additive because | was so enga
in shooting the asteroids.

fiThe game was engaging a
educational because of the story
protectingthe ploofso

fiThe game was engaging a
normally | get annoyed afte
playing a game but not with th
oneo

fil wanted to keep playing th
game because it was addictiing

fil give this game an engageme
score of 8 because it wi
challenging and forced nie act
and think quickly to shoot th
asteroids

fiThe game could help everyo

because it is engaging.

fitThe AR made the game mo
alive and engaging.

Game Functionality
and Design

fiSeeing the angles in my real wol
was helpful in  my gamj
performance verses learning wi
paper how we normally seedt.

fil like having both the sound ar
graphics at t h
numbers on the asteroids helped
play the game bettér.

fiHaving the angle number ar
classification in the sphere at t
bottom and having to match it
the asteroid | wanted to destr
helped with my performance.

fiISometimes when | got to
higher level all the asteroic
were mentally demanding.
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fiThe game made me think a |
because | had to see if | would |
the asteroid and had to think abq
the angle at the same tinbe.

fill was stressed a little bit becaust
was a lot of asteroids at one tir
and it was hard for me to focos.

fAnswering the question when
had one ammunition left was tf
best featuredfdhe game that reall
helped med

il dm gratef ul

get more ammo because
stopped the time and gave T
more time to thinlo

fil think the game could use mo
sounds and graphics.

fil like the visuals and the sour
because it helped meaa and
pay attentioro

PLearning (Playing
and Learning
Simultaneously)

fiPLearning is better than learnir
because it is a fun way to led
boring stuffo

fiPlaying the game helped me
learn about angles while havir
fun.o

fiThe fact that you guywere able
to incorporate learning math into
game that was fun was great.

fiPlaying with the turret in the gar
reminded me of moving along
protractor and it was helpfal.

fil wish the game had multi plays
mode so | could play and lea
together withmy friendso

il like that 1 was learning bu
still having fun and that was
rare thingd

fiThis game is the best game e
because itobs 4
fun.o

fiPlaying the game helped me
the postassessmert.

fiBy moving the turret | felt like
| was moving a protractor whic
was fun and helpfufi

fil donodt t hink
playing the ga
l'i ke to play (d

would rather just play games f
fun without learningd

3.6.2 Research Qestion 2

Does prior exposure to learning content effect cognitive load when dsenGLAR

application

NCel esti al B
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3.6.2.1 Descriptive Statistics

Cognitive load was assessed using the dependent measure of average workload which is
the unweighted NASA TLXresults. Descriptive statistics for average workload across prior
exposure is summarized in tablefhe data showsowice students had a median average workload
of 0.45, with minimum and maximum average workload of 0.11 and 0.83 respectively and
experiened students had medianaverageworkload of 0.45, with minimum and maximum

average workload of 0.16 and 0r&pectively

1 . .

09 1

0.8 r .

0.7 1 1

0.6 1

0.5 1

04 |

Average Workload

03} B |
02t :

01 T .

O 1 1
Novice Experienced

Figure 9. Comparing Average Workload by Prior Exposure
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Table8. DescriptiveData for Average Workload by Prior Exposure

Percentile
M SD n Min Max 25 50 75
Novice 0.448 0.140 17 0.117 0.758 0.367 0.45 0.529

Experienced 0.484 0.173 18 0.167 0.833 0.381 0.45 0.594

3.6.2.2 Hypothesis Testing

Hypothesis (12): Thereare significant differencein cognitive load between students with and

without exposure to learning content when ushm®eGL AR appl i cati on ACel est

A KruskalWallis test was conducted to evaluate differences between students with and
without pria exposure to the learning content on median change in average workload. The test
showed nasignificantdifferencesin average workload, Z = 0.38p,= 0.704,between students
with and without exposure to the learning conféadtle 9; therefore, we carejectthe hypothesis.

Theeffect sizefor cognitive loadvas 0.064.

Table9. Cognitive Load KruskaWallis Test Result

n Chi-square  df p-Value Z-Value r
Average Workload 35 0.157 1 0.704 0.380 0.064

3.6.3 Research Question 3

Will engagement with GLAR improve contbased learning gains for students with and

without prior exposure to learning content?
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3.6.3.1 Descriptive Statistics

Contentbased learning gains were assessed using the dependent measures of (1) pre
assessment resulend (2) postssessment resultSince we were interested in the relative
differencebetween preand postassessmen{as opposed to a raw single scoke¢ did not take
into account chance performance. Any effects of chance performance would be tler zotte
pre- and postassessment resuliBescriptive statistics for FID and FD students across qmd
post assessments are summarized in tables 12 and 13. The data siaesstudents had a
median preassessment score of 4, with minimum and maxirmpusassessment scores of 2 and 7
respectively; and median pesssessment score of 7, with minimum and maximum- post
assessment scores of 2 and 8 respectively. Experienced students had a medisespneent
score of 9, with minimum and maximum gassesment scores of 3 and 10 respectively; and
median posassessment score of 9, with minimum and maximumamstssment scores of 7 and

10 respectively.
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Assessment Scores

10

R
|
|
|
|
| .
—i— _|_
|
R +
Pre Post Pre Post
Novice Experienced
Figure 10. Comparing Pre and PostAssessment by Prior Exposure
Table 10. Descriptive Data for PréAssessment by Prior Exposure
Percentile
M SD n Min Max 25 20 75
Novice 4.059 1.478 17 2 7 3 4 5
Experienced 8.056  1.862 18 3 10 7 9 9
Note.The maximum possible score on f@a&sessment was 10.
Table 11 Descriptive Data for PosAssessment by Prior Exposure
Percentile
M SD n Mn Max 25 50 75
Novice 5412 1.698 17 2 8 4.5 6 6.5
Experienced 9.056 0.938 18 7 10 8 9 10

Note.The maximum possible score on passessment was 10.
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3.6.3.2 HypothesisTesting

Hypothesis(H3): Engagement with GLAR improves cortbased learning gains for both

students with and without prior exposure.

Two Wilcoxon Signeeranked testsvere conducted to evaluate if there were significant
differences between prand postassessments for both students with and without prior exposure
to learning content. For novice students, the Wilcoxon Sigaekl test indicated significant
differencedetween pre(Mdn = 4) and post{(Mdn = 6) assessment scores, Z3418,p< 0.0001
The effect size of the prand postassessment for novice students was r = 0.829. For experienced
students, the Wilcoxon Signednk test did not find significant diffences between préMdn =
9) and post(Mdn = 9) assessment scores, Z = 0.805,0.421. The effect size was r=0.189.
Therefore, we reject the hypothesis and assume that engagement with Celestial Blast did not
improve the conterbased learning gains fboth students with and without prior exposure to the

learning content.

Tablel2 Novi ce St uden+askiTes\Resutsox on Si gned
Novice PostAssessmerit
Novice PreAssessment
-3.418

IS IN

Table13. Experienced St udankTestBessd8 | coxon Signed
Experienced PosAssessmerit
Experienced PrAssessment
0.805

0.421

IS IN
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Hypothesis (H4): There are significant difference between contediased learning gains for

students with and without prior exposure.

Learning gains were quantified usingdéiference scorehat was calculated as the
difference between the pessessment and pamtsessment scoreBescriptive statistie for
difference score between students with and without pripogxe is summarized in table. The
data showsiovice students had a median difference score of 1, with minimum and maximum
difference scores ofl and 4 respectively and experienced sttglead a median difference score

of 1, with minimum and maximum difference scores2&nd 6 respectively.

Assessment Score Difference
]

1 = 4
0 .

I

I
1t —1 il
2L il
_3 1 1

Novice Experienced

Figure 11. Comparing Assessmeflicore Differencedy Prior Exposure
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Table 14. Descriptive Datadr Assessment of Learning Gains by Prior Exposure

Percentile
M SD n Min  Max 25 50 5
Novice 1.353 1.538 17 -1 4 0 1 2.5
Experienced 1 2.058 18 -2 6 -1 1 2.25

A KruskalWallis Test was conducted to evalubtgothesis 4 and determine if there
weredifferences between students with and without prior exposure to learning content on
median change in contehased learning gasn The test was not significat =-1.219,p =
0.223 therefore, we reject the hypethis andassume thatere are no significant differences
between conterbased learning gains for students with and without prior expoBueeffect

size ofthe learning gainwas r = .136.

Table 15. Assessment of Learning Gainguskal-Wallis Test Result

n Chi-square  df p-Value Z-Value r
Learning Gains 35 0.675 1 0.223 -1.219 0.136

3.7 Discussion

The goal of this study is to investigate the effects of prior knowledge on coiiastd
l earning gains, st uGlA&Rperrnancedigerkeytsignifieant ffimiesgd a n d
from this study suggestl)t her e wer e no differences between
cognitive loadand (2)novi ce st u-basedtlearding gans ¢ame betimproved through

interaction withGLAR.

3.7.1 GLAR performance (Research question 1)

If students have stromgrior knowledgeof a topic thats relatedto the learning activity,

then the inclusion of GLAR may increase their performance during the a¢utgsvirta &
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Saarilouma, 2004). In this study, experienced students tended to have better highest and average
game scoress compared to novice studenfwhich bolster the claims by Oulasvirta and
Saarilouma While there were no statistically significant differences between the two groups for

each dependent measure of GLAR performance, there were identifiable differqra@@2 for

average game saarHoffman (2010) noted that the use of a different model or increasing the p

value of the test could provide statistically significant differences between novice and experienced
students GLAR performance. Recent research indicates-ttziti@s betwee.05and0.1 can be
considered fAmarginally significanto. We belie

be explained by the qualitative data.

Most of the qualitative findings between students with and without prior exposure to
learning contentvere similar However, their opinions did differ amongst some of the five key
themes. While each key theme is discussed separately below, it is important to note that we cannot

conclude which key theme or interaction of themes had the greatest effdcABp@rformance.

Use of Gamification ElementsAccording to Kapp, gamification elements are considered

important constructs that intrinsically motivate students and improve performance (Kapp, 2012).
Experienced students felt that gamification elements adeigh scorefreedom to failandlevels

gave them the additional motivation to perform. Participant eleven shared in the focus group,
ABeing able to keep playing the game after dy
to get a high score. o0 And a deoncethgmuplingicatecthiae d ¢ o r
AThe game was addictive because | wanted a
gamification elements such aarrative and high scorewere distracting and possibly hindered

their GLAR performance. According to particigan 34, Al f | | ooked at my

| would have been stressalkeep getting a higher score; therefore, | waited until the end of the
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game to |l ook at my score because | wanted to f
elementsnay be overwhelming to students who are unfamiliar with the learning content; therefore,
when using gamification elements, instructional GLAR designers should consider prior exposure

to learning content (Hanus & Fox, 2015; Landers, 2014).

Understanding d Learning Content. Under st anding | earning coni

performance with GLAR. Experience students complained about being frustrated with the learning
material being presentad Celestial Blast. This qualitative finding was not surprisiegduse
experienced students were not building new knowledge, so it is expected that they would
experience some frustration due to #xpertise reversal effecindeed participant 34 mentiah

Al was annoyed and di dndt taded foming fadstereandgnadeee unt i
think harder. o6 However, both novice and exper
of Il earning content after using Celestial Bl a
and reinforce my angle knowledgeui ckl 'y by playing the game. 0o L
AOn thAespseement I did badly and | perfor med
angles. But | think | got an 8 out of 10 onthe ppst s essment . 06 Both exper.i
studentsfound the GLAR learning activity to be useful and help them better understand the
learning content being presented. Also it is important to mention that experienced students were
overconfident in their Celestial Blast performance. For example, experishadehts reported

t hat fAthe game (awcadyuradsystacdukewl|to identify
Asince | got my angles down | wasnodt stressed
what an acute angle wa H othee sctaal GLAR average and highest game scores were

not significantly different as compared to novice students.
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Benefits of EngagementJenson (2009) stressed the importance of engaged learning,

which activates students to participate emotionally, cognitiaaig behaviorally, which in turn

improves performance. Both novice and experienced students noted the importance of
engagement, as evident by one of the novice s
9 out of 10 on the engagement scale becplagéng in the real world was better than using paper

to learn. o0 Comments similar to this were echo:t
the context of Celestial Blast, gamification and AR was successful at increasing engagement to
participd e i n higher order cognitive prdgwtsi ng. E
game an engagement score of 8 because it was challenging and forced me to act and think quickly

to shoot the asteroids. o

Game_Functionally and Design There were some frustrations expressed about game

functionality and overall design. Combining elements of AR, gamification and CTML to learning
content can compound some frustrations, turning what was intended to be a fun and interactive
experience intohe opposite. Although students like that GLAR was a different approach to
traditionalin-classroom learninghethods, some reported being stressed and overwhelmed which

hi ndered their performance. Some of thigherc ommer
l evel al | t he aster oiaddksi Ilwewaes nsetnrteas sl egd dbeentaanudsi
asteroids at one ti me anfilheigame was$aggm@awhidh chused me
some frustration and ma d dhatmgaene flincwonalgy ahdodesigo T h u
impacted both novice and experienced studgsiestial Blastperformance. Therefore, further

research is needed to examine each componéheof e s t i fanictiorlityasdtusersinterface

design. According to Dichevat al. (2015), student responses are critically important to good

testing processes when designing any kind of gamified technology. Therefore, by identifying
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which functionality and elements cause dissatisfaction, instructional designers can avoid these

elements and instead embrace improved designs when designing future GLAR applications.

PLearning (Playing and Learning Simultaneously).Lastly, plearning (play+learning)

was a term that emerged from the focus group interviews. When discussing playingraimg) le
Ssimultaneousl vy, both novice and experienced s
better than | earning becausandiit ireabdl yuhelwayl
l earning and that 1 s a rdatrliked thdtiwagleamihgibutstill pl ay i
having fun at the same time. o0 Similar senti me
These comments present evidence that plearning had a positive effect on GLAR game

performance.
3.7.2 Cognitive loadResearch question 2)

Ourresultssuggest that GLAR designers and developers should account for prior exposure,
ot herwise a one size fits all approach <coul d
cognitive load. According to Mayer, both the coeyty of learning content and prior exposure
to that learning content can effestt u d eagritisedload (Mayer, 2003). There were no
significant differences in seteported measures of cognitive load between students with and
without prior exposure teehrning content. An explanation of why prior exposure did not have a
significant effect on cognitive load might be found in the design of Celestial BiastCelestial
Blast was not designed to meet the individual needs of students with and withogxposure
(and instead was designed to examntimeeffect of prior exposure Therefore, when designing
GLAR applications, it is important to note that a GLAR application designed for novice students

may not reduce the cognitive load of experienced stadard vice versa (Sweller, 2003).
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We could have also observed no differenicecognitive loadfindings because reporting
contexs were different That is,novice students could have reported cognitive load based on the
complexity of the learning material while experienced students could have reported cognitive load
based on the difficulty of the game play. Quotes ftbemfocus groumualitative data suppart
this explanation. N o \Sii mec ep dr tdii cdinpda n tksn omve ntthieo n
harder to remember what the classification wa
was hard for me to make connections between the anglésmarddo mi ng aster oi dsé |
have known more about angles before playing
stressed being the game because It was too ma

when | gotto a higher level alltkes t er oi ds wer e mentally demandi

3.7.3 Contentbased learning gains (Research question 3)

The differences in median prand postassessment scores for novice students was found
to be significant. The positive increase in corteaded learning gains foovice students may be
attributed to the instructional design of GL,.
successfully helped novice students learn the relevant content as evidenced by the significant

difference in preand posiassessment scores.

There were no significant differences foontentbased learning gains faxperienced
students. This result was somewhat surprising because C3uggestsstudents with prior
exposure to learning content should also experience cdraert learning gainsThese findings
may be due to the expertise reversal effétie expertise reversal effecs the phenomenon
wherebystudents with prior exposure to learning confexiperience either neutral or sometimes
negative effects when utilizing technology metmteduce cognitive load for students without

prior exposure to learning conteériBlayney et al., 2010; Kalyuga et al., 2003)thoughCTML
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assumes that prior knowledge is necessary to overcome these limitations of working memory, Paas
and Ayresnotedthat when processing new information there amrking memory limitations

(Paas & Ayres, 2004). According to Sweller (1988), the reversal is due to the redundancy of
processing information that is already stored in the-tengn memory. As a result, thepatienced

students having prior exposure to the learning content may not need the same guidance that novice

students need when using GLAR applications.

Lastly, the learning gains of novice students were not found to be significantly different
than the leming gains of experienced studenBoth students with and without prior exposure
had increased learning gainsapiproximatelyten percentWe contributed these findings lmwer
order of thinkingrequiredto play Celestial BlastThis suppositionis better understoodby
categorizing the | evel of thinking Revisedl ved

TaxonomyAnderson and Krathwohl, 2001).

Bl oomb6s Revi s eedntefacionoiwordiynensisit) knbwledgeand (2)
cognitive proces (see Figure)2In the context our study, both novice and experienced students
needed factual understandifignowledge dimensiomf basic elements regarding angles such as
points, lines, line segments, and ragslditionally, we believe thatememberunderstandand
apply (cognitive process dimensioye most closely associated with the cognitive processes
students utilized when interacting with Celestial Blast. Using this taxonomy, Celestial Blast
primarily engaged students in lower order thinking tmaresponds tthelearning objecRespond

(circled in Figure 12
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Figure1l2 Bl oomdés Revised Taxonomy

Note Each of the colored blocks shows an example of a learning objective that generally
corresponds with each of tharious combinations of the cognitive process and knowledge
dimensiongAnderson & Krathwohl, 2001)

During Celestial Blast, lower order thinking occurred when the students were asked to
employ factual knowledge to identify and classify the incomitges oi ds é angl e of
obtuse and acute. Once identified and classified, participaets thdurret to measure and then
destroy asteroids. Since this was a repetitive routine of shooting asteroids and did not require the

students toparticipate in highr-order thinking(such as manipulating the learning content to

hypothesize or arrive at new conclusipnge believe both students with and without prior
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exposure to learning content were able to obtain a greater understanding of Regéssch
conducted by Micheller (2002) suggests that to determine differences between students with and
without prior exposure to learning content, a higbeter of thinking when using GLAR may be
required. Therefore, future studies should investidgategagement with higher order thinking has

an effect on conteriiased learning gains.

3.7.4 Implications

The results of this study suggest the importance of considering prior knowledge and
limitations of working memory when designing GLAR applicatitoraunderepresented students
Additionally, this study indicates that an emphasis should be placed on considering the differences
in prior knowledge when creating multimedia AR instructiBarther, it is important to note that
a GLAR applicationthat supportsiovice students may not necessarily support the cognitive

processes of experienced stud€atglvice versa).

This workalsosuggests that teachers could use GLARfiin grade Title 1classrooms as
a supplemental tool to assist students in developinguaddrstanding of the basic principles of
angle identification and classification as well as how to measure angles. The results of this study
indicate the use of GLAR to be most effective for novice students who have not been exposed to
learning content. Qestial Blast appears to have helpedovice students gain a greater
understanding of anglesvhich we proposerovides a strong foundation to succeed in more
advanced angle topics. Instructional designers should consider the importance of prior exposure
when designing tabldtasedGLAR applicationspy for example( 1) i ncreasing stu
play time, (2) devieping separate applications,)(B8sing a scaffolding technique, and/4)

allowing students to select their starting game level.
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This study ppvi des studentsd perceptions of t he
applications grounded in CTML and these perceptions could in turn be used to influence the design
of future GLAR applicationfocused on reinforcing angleStudents support the ideattlize use
of gamification elements, understanding learning content, engagement, game functionality and
plearning were beneficial to GLAR game performar@er. resultsfurther support the idea that
the use of gamification in developing AR grounded in CTMicilitates positive game

performance by creating tangible and interactive learning experiences.

Lastly, dthough we did not close the contdydsed learning gap between novice and
experienced students in this study, the utilization of tdddsed GLAR offers promise to help
equalize the differences between student with and without prior exposure. Furdaches

needed to provide empirical evidence that GLAR could help be an equalizer.

3.7.5 Assumptions and Limitations

There were a few assumptions made in this study. First, it was assumed that novice
participants were not exposed at all to the relevant legouintent during the 2018017 academic
school year. However, it is difficult to account for this because participants could have been
exposed to the learning content in an a$ehool program or at home and this possibility was not
explicitly captured. Aother assumption was that the experienced group consisted of participants
with the same background knowledge, which may not be accurate. Within and between groups, all
participants had varying levels of knowledge because they had different teachersarftboa

different schools.

Another assumption made was that fifffade students have the ability to gelport the

amount of cognitive load they experience during the gamified AR activity. To support this
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assumption, it should be noted that researcBeggher and Braune (1984) found that elementary
students were more than capable at providing a numerical value to assess their perceived stress,

frustration and mental effort.

One limitation of this study was the number of participants. Because the amplessize
of 35, it is difficult to generalize the results of this study. However, the results can be reasonably
generalized to fifth grade students who live in lower socioeconomic condition and attend Title |
schools in Virginia. Also, the sample of paipants was not fully random due to gaining access

to the specialized population.

Another limitation of this study is that participants preferred cognitive style may or may
not be supported by the design of Celestial Blast. This individual factor cawdam impact on
cognitive load, and since cognitive style was not assessed, researchers were not able to determine
if self-reported cognitive load scores were affectétbte that the effect of cognitive style on

GLAR and learning performance is the subjef Study 3 §eeChapter %.

A final limitation of the study was getting participants to fully engage in focus groups
activities to discuss their opinions, thoughts, and perceptions. Tarnitgate, at the beginning
of focus group session, the moder at-freesppdeat ed

for everyone to contribute.
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4 Applying CTML Principles to Gamified Learning AR Applications

4.1 Introduction

Recently theincreased development and deployment of technology has made it possible
for students to be immersed in new and engaging learning environnfeaisnology can help
facilitate and increase learning as well as engage students in learning opportunities throug
collaboration and simulation (Carmigniani et al., 2010). As technologies start to transfbizm K
classrooms, researchers have to further investigate how to design technology user interfaces that
are effective for learning but do not unnecessarily pldcda t i on a | burdens on s
load. Although a variety of instructional design frameworks and principles exist that focus on the
design of the technology, there is no framework that serves as-ft lbessevery instructional
situation (Gregor & Chapman, 2012). According to Gustafson and Branch (2002), there are more
published instructional frameworks than there are unique learning emérds for them to be
applied to.Therefore, it is important to identify appropriate frameworks or priesiphat are
applicable for GLAR applications and further take into account the relationship between cognitive

load and student learning.

Research in cognitive education that takes
memory has identified thimportance of designing multimedia learning content that does not
overwhelm studentwith the ultimate aim of increasing student outcomes. Researchers suggest
t hat educators should follow the recommendat.
Leaming (CTML) as they develop technology to be implementediirilR learning environments

(Burkes, 2007; Sorden, 2005; Gerjets et al, 2004; Mayer, 2009). CTML acknowledges the
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limitations of working memory to facilitate learning by not overloading the tivgrabilities of

the student (Ayres, 2006). Leveraging CTML will allow researchers to structure how best to

present information while simultaneously redu

this work is to determine if CTML is appropriate guide the design of GLAR applications. To
achieve this, we conducted user studies to examine how the manipulation of CTML affects

students6é cognitive |l oad.

4.2 Purpose of the Study

Specifically, this study aims to examine if principles provided by CTML can

appropriately be applied to GLAR t o reduaexi mi z e

cognitive load and determine whether or not adherence toCTML principles is associated
with positive student GLAR performance. Although GLAR is a captivating educational tool,
research suggests that it is not AR itself that is important to improving the quality of learning

(Dede, 2016). Therefore, we posit that principles of CTML are good candid@fgisle the design

of GLAR, foster meaningf ul p e d aSjnhoeghere ia Imitedr e d u ¢

empirical research on what specific principles of CTML can reduce cognitive load, determining
which principles of CTML may reduce cognitilead in GLAR is an area of research that needs

to be addressed. However, Mayer claims that coherence, signaling, temporal contiguity and spatial
contiguity will help with the reduction of cognitive processing. For this study, we chose to examine
those fou principles of CTML: coherence, signaling, temporal contiguity and spatial contiguity to
investigate Mayerods claims. These principles
determine how student cognitive load is affected by manipulatingléjeee to which GLAR

interface designs adherence to these principles. We will measure cognitive load effects via
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cognitive load surveys administered after students interact with the three GLAR applications, each

embodying different levels of adherencddar CTML principles.

The results of this study will enhance the understanding of how manipulating coherence,
signaling, temporal and spatial contiguity principles of CTML affects student cognitive load. We
expect that this work will inform researchers tbe educational benefit of using CTML to
appropriately influence the design GLAR applications. Further, this study will reveal if the

principles applied to &LAR application will help or hindes t u d erfornsaiice

4.3 Related Works

4.3.1 Cognitive Theory of Mitimedia Learning (CTML)

When discussing learning theories, it is important to understand what signifies learning and
how cognitive architecture impacts learning (Sweller, Van Merrienboer, & Paas, 1998). CTML is
based on the human cogniti@echitecture ad supports the supposition that (1) working memory
has capacity limitationsand, (2) the brain can effectiveprocessinformation using both the
auditory and visual channel. According to Mayer (2010), CTML supports the notion that people
learn better wth audio and visual information presentation than with audio or visual presentation
alone. CTML explains how tlechnology idesigred properly, people can leverags attributes
to effectively process information through visual and auditory channeleveyagingthree
important cognitive processes: selecting, organizing, and integrating (Moreno & Mayer, 2001).
These cognitive processes are necessary in order for learning to occur. If the technology is
cognitively demanding (e.g., above and beyondcdignitive demand of the learning content

students will not be capable of selecting, organizing and integrating new information with prior
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knowledge because their available working memory capagitybe consumed by the cognitive

overhead demanded of ttechnology (Mayer, 2009).

CTML provides a framework for understanding how students learn in a technology
included environment (Mayer, 2009). This theory offers explicit design principles to instructional
designers to help reduce cognitive load demandtherstudent and increase the retention and
transfer oftargetedearning contentWhen implemented into applied technology for learning, the
principles provideguidance on how to develop multimedia technology that improves students

learning by effectivelypresenting the learning content.

432 CTMLOGs Design Principles

Educators are increasingly relying on technology to deleaming contento students
Research shows thadhnology can achie significantlearning outcomes whehis explicitly
designedo takethe student and human cognitilieitations into considerationRaas, Renkl, &
Sweller, 2003Clark, Nguyen, & Sweller, 2005; Sweller, 2005). According to Jones et al., (2010),
the cognitive capabilities for interpreting and integrating infornmaigdimited for some students.
Therefore, CTML provides design principles for the creation of multimedia instructional
technology that focuses cefficiently r e s pondi ng cotgoni ¢ti webe nrtessbour ce s
learnesintegrate new information withpror i nf or mati on t hey already
Mayer & Moreno, 2010; Moreno & Mayer, 2010Wtilizing CTML principles to design
instructional technology has been shown to result in deeper learning and reduced cognitive load
by usingboth visual andauditory working memorychannels (Mayer2009; Sweller, 2010).
Essentially, the principlegive guidance omow to best combine audio and visual information
presentation tananagecognitive load, and reduce extraneous load processing (Mayer, 2009).

Extraneous loads the strain placed on working memory by having students select, organize and
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integrate unnecessary information (Sweller et al., 1998). Presenting information that distracts the
student and is not necessary for accomplishing the learning objewili results in increased
extraneous load armhnhinder the learning process (DelLeeuw & Mayer, 2008). Extraneous load

can becontrolled by effective instructional design of the learning content.

Mayer identified four specifi€TML principles that helpvith the reduction of extraneous
load and managemeot cognitive load processingoherence, signaling, temporal contiguity and
spatial contiguity (Mayer, 2009). The objective of toderence principlés to reduce extraneous
load by eliminating irreleant visual and auditory information (Mayer, 2005). According to Clark
and Mayer, this is the single most important principle as cautious selection of visual and auditory
information is needed to ensure maximum learning outcomes. Most studies that etkemine
coherence principle have reported that the inclusion of extraneous information hinders learning
(Bryant, 2010; Lusk, 2008; Mayer et al., 2008; McCrudden & Corkill, 2010; Rowland et al., 2008;
RowlandBryant et al., 2009; Verkoeijen & Tabbers, 2009)r Ewample, a study conducted by
Garner et al. (1989) examined how adidiisd ®llege studerblearning wasffectedwhen given
selective passages with and without irrelevant details included in a narrative. Researchers found
that the addition of irreleva both auralandvisual information decreased the processing of the
main idea of the passage for both adults and college students (Garner et al, 1989). Additionally,
Lehman et al found that the inclusion of extraneougarmation may cause the studeot
incorrectly assumthatthe irrelevant informatiois the primary objective and incorrectly construct
a mental model around the irrelevant information (Lehman et al, 2007). It was concluded that the
disruption in constructing a correct mental model hinders the student from the true learning
objective and aahving contertbased learning gains. Mayer, Heiser and Lonn (2001) conducted

a study to investigate the addition of collexged video clips to make the presentation of
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information more interestingresearchers had one group of students view a-thieenarrated
amination on lighting formation while the second group of colaged students viewed the same
presentation containing an additional enmute video clip that was related to lighting but not the
primary objective of the presentatiorhe studyconcluded that the students in the second group
performance was hinder when competprgblems regarding the formation of lightifgdding

the unnecessary visuals increased extraneous load processing (Mayer et alSigtiz0o)y, to

adding unnecessarystialinformation Moreno and Mayer (2001) found that adding unnecessary
audio can also increase cognitive load. Moreno and Mayer performed a study to examine the
transfer of knowledge by having collegged students view a multimedia presentation comtgini
animation and concurrent narration. The first group of students received either no additional audio,
background musigjor sounds effects and the second ground received both background music and
sounds effects. This study found that students who retdigéth sounds and music performed
worse than groups not receiving audiso, students in the second group performed worse than
the first group. From the results reporiedthese studies, Mayer suggests taking a minimalist
approach to design in which gnihe relevant material needed to achieve instructionakgmal
included. However, there are some criticitimat these studies were all preformed in a laboratory
setting and with adults or collegged students (McTigue, 2009). Research suggest thia¢rfurt
studies are needed to examine how the inclusion of extraneous information can &ftect K
students in an authentic learning environment (Harskamp et al., 2007; Issa et al., 2011; Muller et

al., 2008).

The objective of thesignaling principleis to redice extraneous cognitive loday
highlightingessential learning contesd students are abledoganize andomprehend theontent

being presented (Mayer & Moreno, 2003) . Si



attention to significant ifrmation (Mautone & Mayer, 2001). By using cues, students do not
utilize unnecessary cognitive resources locating information or integrating nonessential
information into their memory schemas. According to Mayer, students learn more effectively when
cues & used to guide their attention to vital information (Mayer, 2010). To evaluate the
effectiveness of signaling, Mautone and Mayer (2001) used dynamic cues to highlight important
information in an animation that explains to participants how airplanegliftough the effect

size of this study was small, the study found that participras/edpositive cognitive benefits
whenexposed tsignaling within animations. Mayer and Moreno (2003) investigated the role of
auditory cueing when highlighting importaimformation and found that students who received
animation using narrated cues outperformed students who did not receive any auditadyetues
asked to solve problesolving transfer questionéccording to Katzer and Treue (2006) the use

of auditory cesis more attentionathan visual cueat orienting the student to focos essential
information that has been highlightdBeck (1987 and 1990) found that students who received
visual cues such as arrows, labels and pointers to identify critical itformia animations
outperformed their counterparts who had no visual cues. Through the use of visual cues, Beck
concluded that students were able to conduct memory traces based on dual retrieval and reinforce
critical information intotheir working memoryBeck, 1987. Additionally, Tabbers, Mdens &
Merrienboer (2004) believetthat fiadding visual cues to illustrations resulted in higstedent
retention score8.Although visual and auditory cues are processed differently, using both cues
simultaneouslyeducedemandnworking memory (Moreno & Mayer, 1990). Janelle et al (2003)
found thatstudents demonstrated less errors and increase retention of learning contardimgnen
video modeling to present information with both visual and auditoryasieempeed to students

who just received visual cues. Their resldtdster the clainthat processingauditory cues in
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addition tocongruentisual cuesienhances perceptual representation and ret@rdimhthus can
reducecognitive load (Janelle et al., 2003). While the inclusion of signaling eliminates distractions,
decreasesearch time of important information and help decrease cognitive processing in the
working memory, there is more empirical evidence needed to exdnenese of color coding as

a viablesignalingcue QiVita, Obemayer, Nugent, & Linville, 2004). Although color coding
allows participants to build mental models in which colorcarmectedvith certaininformation,

such encodingsauild alsoincrease cogtive load whemmanysets of color codingreutilized in

avisualdisplay.

The aim of theemporal contiguity principlés to reduce extraneous load by presenting
auditory and visual information simultaneously. According to Mayer, students learnvidetter
multimodality presentation of information is temporally synchronized rather than separated in time
(Mayer & Moreno, 2003) . Separating informatio
hold theone channel aihformation(e.g., aural)n ther working memory until th@therchannel
(e.g.,visua) is presented (Fletcher & Tobias, 2005), which can result in increased extraneous load
and reduced contebiased learning gains. Studies show that temporal contiguity helps students
make more signifigat connections between relevant pieces of information. For example, Moreno
and Mayer (1998) conducted a study that delivered information on lighting to caljege
students using narration and animation. The first gfvigwed the presentation of aninm@tiand
narration concurrentfyand the second group viewed the animation presentation in it entirely then
viewed the narration. This study concluded that students in group one significantly outperformed
students who did not view the information simultarsdpuAdditionally, Mayer and Aderson
(1991) found that studentsd tr ansthegviewandfan k n o wl

animation simultaneously with narration explaining how psimprk in comparison to students
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who viewed an animation aftend narration was played (Mayer & Anderson, 1991). There are
multiple studies that replicated a similar format to examine temporal contiguity irediffarbject
areas (Kalyuga & Swelle2004; Mayer & Sims, 1994; Mousavi et al., BR9These studies all
conclude that presenting auditory and visual information at the same time ratharsgheressn

increases transfer of knowledge and reduces cogrdad by utilizing dual coding.

The purpose of thepatial contiguity principles to coordinate infor@tion in space to
lessen cognitive demands on working memory (Mayer, 2005). When related multimodal
information are presented gpatialproximity, working memory cognitive demands are reduced
by reducing the amount of tinsudentshave to holdhe information in their working memory
while theyacquire additionahformation.When applying thepatial contiguity principlé reduce
extraneous load, only information relevant to the learning task should be included so students are
not forced to decidevhat information requires their attention (Mammarella, Fairfield, & Di
Domenico, 2013). Research conducted by Chandler and Sweller examined the effects of spatial
contiguity on learning by separating text from diagrams. They proposed that students would
experience increased cognitive load because extra processing was needed to integratialtiie
separatethformationin working memory (Charér and Sweller, 1991The study concluded that
students who viewed information high spatialproximity had ircreased performance in both
written and practical skill demonstrations. Mayer (1989) also investigated spatial contiguity by
presenting collegaged students escreen texboth near andfar from correspondingvisuals
depicting automotivebrakng systems This sudy revealed that students carmartsfer more
information on postassessments when information presented in proxi@sygompared to when
informationisnotproximal) Fur t her mor e, Mayer st aScreettexti|l ear n

isspatialy separated fr om vWherusalVing practical probiemss Bindallp . 36 6
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Ford, Chandler, and Sweller (1997) found that students learn better when instructions are placed
near diagrams as opposed to students who received instructions plaeethbael@mgram (Tindall

Ford et al., 1997). The aforementioned studigggesthat placing relevant information spatially

near each other reduces extraneous processing; howexerare no studies that gives specifics
metrics on howspatial contiguity cold help with the creation of nemental models (Mayer &

Sims, 1994). Therefore, further research is needed to undeestacitywhere diagrams and text
information should be coordinated to minimize students having to hold information in their

working menory.

Numerous studies conducted by Mayer and colleagues show significant conclusions on
how | everaging the aforementioned principles
experiences in multimedia presentations such as animations, PowerPoints aimievates.

However, these principles have been investigated individually ratherei@mininghow they

may interact with each other. According to Johnson (2008), considering the principles-as non
interacting factors may lead to overconfidence that CTislleffectively guiding multimedia
technology design that reduces extraneous load and manages cognitive load processing.
Additionally, there is limited research in the application of CTML principles to the design of
augmented reality technologisgch as GAR applications. Therefore, contribution of this work

is the examination of howdherenceo multiple, interactingCTML principlesin an augmented

reality learningapplicationmayreduces t u d eognitive ad.

4.4 Research Questions

The study addresses the following research questions:
Research QuestionD:oes GLAR interfaceséd6 | evel of adh

students6é cognitive |l oad?
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A

Hypothesis (H): St udent s 0 ciospgnificanty Vosver Wiem there is high

adherence to the principles of CTML.

Research Question Does highadherence to the principles of CTMEsult n higher

studentsd GLAR performance?

Hypothesis (R): High adherence to therinciplesof CTMLdoes e sul t i n hi gher

GLAR performance.

4.5 Study Overview

This study usé a single factor repeated measures wigubjects experimental design to
measure the effectd adhering to different principles of CTMin studentognition A repeated
measures design is frequently used in psychological research when it is desired to compare
different treatment effects while reducing error variances by using participants as their own control
(Lindsey, 1999). In this design, participants being measuragsing thesame cognitive load and
user satisfaction scales to show comparisons between means obtained after the participant interacts
with each of the three interfaces. Using repeated measure allows researchers to determine which
interfacewill reduce cognitive load as well as which interface will cause the most cognitive load
in participants

For this study, the single factor is the GLAR application (Celestial Btaatjipulated at
threelevelswith respect to adherence to CTML principleggh adherence, medium adherence,
low adherence (desbed in detail below)The manipulation systematically attand remoed

specificauditory and visualserinterface components. Even though the three interfaces were
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visually and aurally differenfdue to experimental manipulation®ach interface contained the

same learning content and overall game play.
4.6 Independent Variable: Celestial BlastAdherence to CTML Principles

Similar to study onethe Celestial Blasttabletbased AR applicationwas usedto

manipulate the main independent varialfler an explanation of Celestial Bl§ste section 34

For this studywe createdthree different variant®f Celestial Blasto examine how
different levels of adherence tmur CTML principles i.e., coherence, signaling, temporal
contiguity and spatial contiguityvhen designing GLAR applications effectsar t i ci pant

cognitive load, performance and satisi@act

91 High Adherence Interface: strictly adhers to CTML principles toreduce the

amount of cognitive loagarticipantautilize when interacting with GLAR.

1 Medium Adherence Interface: slightly deviats from the principles of CTML

increasingthe amount ofnonrelevant information presented while provigin
participantsvith minimal indication of important information.

1 Low AdherenceInterface: aims to overloagharticipantswith information in the

visual channel without highlighting significant information.

The aims of Medium and Low adherence interfagese deviate from the principles of

CTML to examine if participantsdé cognitive | o
4.6.1 High Adherencénterface

This sectiordetailshow the four principles of CTMlwere manipulatedn the design of

the high adherencenterfaceof Celestial Blas{Figure 13. Forcoherenceit is essetial to only
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present the participanigith relevantinformation. Thusthe high adherendaterfaceincludedthe
following information angle number, angle classificath , ammunition indicat ¢
health,SOL questiorandon-screen texnotifications whenparticipantleared a level and earned
bonus points. Thessevenpiecesof informationwerepresented because they are relevant to the
participantsuccessfullyicompleting the mission of protecting the toawn

For thesignalingprinciple, cues were used to highlight significparecesof information
presented. Aural voiceover cuegre used to highlight incoming t@soids that require the
participanté | mmedi ate attention. The voiparecpantsr | s .
of incoming asteroids on@n asteroid isvithin 5 degrees of hitting the town. The region to attend
to is signaled; therefore, @nasteroid was coming irt 20 degrees and within 5 degrees of hitting
the town the cue woul d. Gtherympditansinfamaborsuch as theni ng |
townds health was al so si gn a lhendhetowniisinghealthy or a |
state it is green arits correspondindpealth bar is fully illuminated. After the town has been hit
once,the town shapeill change from green to yellow and the health bar will decrease by one.
The final interface elementamipulated via signaling principle is the ammunition indicator that
decrements by one every timm@articipantfires thelaser

The gatial contiguityprinciple wa applied to the high adherence interfageoordinating
related information and placing tinein closespatal proximity. The angle degree and region in
which the turretvas pointed is placed together under the image of the turngarsicipantscan
quickly identify the position of the turret. Displayitgxt of theincoming asteroiéngke numbe
directly on the incomingsteroidhelps participants build representations and identify the region
to move the turret. For example, seeing an incoming asteroicwétkt labelofi 1 4 1 6 al | ows

participanto quickly acknowledge that the asteroighishe obtuse region. Lastli$OL questions
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participantsmust answerto regain ammunitiorand the visual answers to the questiarese
displayedat the same timso participantsvould not have to remember the question then see the
corresponding answers.

For temporal contiguityaudio and visual information is presented simultanilgouBor
example,when the laser is accurately fired at an astetba@lparticipanthears an explosion
acknowledging the asteroid is destroyamd simultaneouslyhe number ofpoints earned is

visually displyed (e.g., +30)along withan auditoryalert(e.g.,i You have eakX ned 3

Further when a level is clearedn-screen texwisually appears (e.gif L e v e | 5an@l ear ec
participantsreceive asimultaneousauditoryalert(e.g.,A Good Job! You have cl
l evel o




4.6.2 Medium Adherenchnterface

Themedium adherenaaterface (fgure 1) of Celestial Blasmanipulated the four CTML
principles in different ways. For coherendeyr additionalpiecesof informaton were added
(above and beyonidformationpresented in the high adherence interfatmvn healthstatistics,
background musicsound effectsand two towns participantsdid not have to protect These
additions presentegarticipantswith irrelevant information, whiclwas intended to demand
unnecessary cognitive resourcesliébermine what information mmostimportant to achieving the
mission ofCe | est i al Bl ast t o Theseddurepetes df imfermapidn ovasf 6 s
selected based on feedback we received from user studies conducted in the COGENT lab at
Virginia Tech.For the signaling principle, the health bar and ammunition indicates were
removed, which we hypothesized wotliderparticipant® abi | i t y whatbesaumeser st a
were available to helprotectthe town. Removing signaBlso increass their cognitive load
because thearticipantneeds to search for additionalanfnation to understanitow to play the
game The voiceovecues were modified t@o longer highlighsignificant informatiorandinstead
announcd every third asteroid even if the cued asteroid wasantitireat tothe town.Our
hypothesis was thateviatian from the signaling principlevould force participantsto integrate
informationin working memory that utilizes unnecessary cognitive resourgpatial contigity
was manipulated by increasing the amount of space betiwegresentation of images and on
screen text byl.5 inches(when displayed onraeightinch tablet) For example, the angle
classification andpecificande increaed spatially in the horizontdimensiorby 1.5 inchesOur
hypothesis was thahcreasng the distance between information elements womlcreasethe
cognitive demandss working memory becaugarticipantdave tahold informationsuch as angle

numberin their workng memory while they search for related informatieuch as angle
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classificdion. Lastly, five second temporal delays were added to the presentataamalind on

screen text. Adding temporal and visual delayheéamedium adherenagerfacemade it difficult

for participantsto make significant connections between informati&or example, when
participantscleara leve| text is displayed e . lge v e Ii 5), lOWweeeatheaatampanying
auditory alert(e.g.,i Good Job! You hav pedidnot erdevattl5 sacomns h e r

later.

Figure 14: Medium Adherence Interface of Celestial Blast



4.6.3 Low Adherencénterface

The low adherencenierface(Figure 15 was designed to increase thegnitive load
demandf participantswvhichin turn, we hypothesized woutegativelyaffecttaskperformance.
The coherence principle was manipulated by adftmg randompiecesof unnecessaryisual
information timer, astronaut, positive feedback delivered viasoreen textand a UFO.These
four pieces oftinnecessary visuahformation was selected based on feedback we received from
user studies conducted in the COGENT lab at Virginia Té&rlsentingparticipantswith
unrecessary and unrelated content increases extraneous loadakimd) conections between
irrelevant pieces of informatianay impose a high cognitive loa@he increase in cognitive load
occurs when thearticipantmust split their attention between integrating multiple pieces of
information into their working memoryAll cues to highlight significant information were
removed from théow adherencénterface Without selective attention cueingarticipantshave
to split their attention between multippgeces ofinformation andmay not be able tadentify
importantinformationfrom irrelevant To manipulate the spatial contiguity principle, the space
between images and -@areen text was increased to 3 inches horizontally (as views on an eight
inch tablet) For temporal contiguitythe presentatiorof audioand onscrea textwasdelayed by
10 secondsThus, when aparticipantaccurately destroyed an asteroid, the sound acknowledging
the laser had been fired was played ten seconds after the expM&ohypothesized that
separation of audio and viduaformation forcedparticipantsto expand their mentafforts by
directing their cognitive resources to encode the visual informattittreir working memory until

the audio cue was played.
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Timer: 34

Figure 15. Low Adherence Interface of Celestial Blast
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Table16: Summary of Celestial Blast Interface Conditions

Celestial Blast Interface Condition

CTML
Design High Adherence Low Adherence
Principle
Seven piecesf information | Elevenpiecesof Fifteenpiecesof
Coherence information (4 additional | information (4more
1. Health Bar piecesof informationas piecesof additional
2. Ammunition Indicator compared to high informationas compared
3. Angle Classification and | adherence to medium adherenke
number
4. Score 8. Town health Statistics | 12. Game timer
5. SOL Question 9. Two additional towns | 13. UFO
6. Voice Alerts 10. Background music| 14. Astronaut
7. On-Screen Text 11. Sound effects 15. Positive Feedback
Notification (i.e. Level
Cleared
Signaling 1. VoiceoverCues Eliminate three signals No signaling present
2. Town changing color
3. Health bar 1. Health Bar
4. Ammunition Indicator 2. Ammunition Indicator
5. Color coding 3. Voiceover Cues were
still present but not use
to highlight significant
information
Spatial 1. Angle degree and region ( Increase spatial placeme Increase spatial placeme
Contiguity turret horizontally by 1.5 inches| vertically by 3 inches
2. Angle number and astero
3. SOL guestion and answe
Temporal 1. Laser fired and explosion| Increase temporal delay Increase temporal dela)
Contiguity 2. Points received and aud by 5 seconds by 10 seconds
alert

. Level cleared notificatior

and audio alert
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4.7 Dependent Measures

The dependent variables of the stwdreaverage game score, highgatne scorenumber
of plays and cognitive load scordhe dependent measures were collected throughegeifted

cognitive load survey@NASA TLX), andGLAR game metrics

1 GLAR performanceaverage score across all games played, highest score aclaiegled,

number of game plays. Students had the freedom to fail and replay Celestial Blast multiple
times within the allotted time, the number of game plays ranged from 1 (best) to infinite
(worst).

1 Coanitive load scoresaverage workload from NASA TLX survegnged from O (lowest

workload) to 1 (highest workload).

4.8 Methodology

Each participant was exposed to all thestherenceanterface conditions After each
interaction with an interface, participants completed a cognitive load surveysaneitisfaction
survey. The sequence in which participants experienced diffeddetrencenterfaceconditions
using a three by threkatin squareto mitigate orderingeffects such as those associated with
practiceand fatigue

The dependent variableseregame scoreperceivedcognitive load, andsersatisfaction
scores. To measure the effect of adherence of studeaignitive load participants selfeported
their mental workload after interacting with the three experimental conditions of Celeasal Bl
Toassespar ti ci p performanceGve foRected game scaelievedafterexposure to
each experimental condition Gelestial Blast andser satisfaction scores from user satisfaction

surveys.
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4.8.1 Participants

Understanding the target population is a cruciamponent of establishing a valid
experiment with reliable data and conclusi¢g@seswell, 200 Most of the existing literature
investigating AR as an educational tool has included students in higher edscatioas those
attendingcommunity college ahfour-year universities (Appleton, 2005) Also, according to
McTigue (2009), most of the research on CTML principles has primarily been conducted with
collegeaged students in a laboratory setting and not applied to younger popul@ibasgrand
onthebody of literature, the target population for this study was fifth grade students fror Title
schools inthe Virginia Public School system. Titleis a funding program provided by the U.S.
Depart ment o f Educati on -rslo studestswho are striigglimg i nco
academically to obtaintagh-qualityeducation and reach, at minimum, proficiency on challenging
state academic achi eve me purposivégup dfe?? stuslentafnoth a s s e
two different schools in the Soutkestregion of Virginia wererecruited Each school had fifth
grade classroom sizes betweear@ 16 students. All students had completed a public education
through grade four and passed Virginia SOLs in order to move the fifth grade.

Wegained accesstostte nt s t hr ough Kirdergaterao-Qpllegei(K2@s Tect
program. This program was developed to educate potentiadéir&ration college students about
pursing a higher education. @programbrings fifth grade students from Titlachools in Viginia
t o Vir gi Blacksburgeampus te participate in STEM activities and gain 4rahd
exposure to cuttingdge research and technology.

Based on the 2016 Mathematics Standards of Learning Curriculum Framework academic
calendar,tiwas assumethat all studerst had been introduced neathematics learning content on

geometricangles during the 2018017 academic school year and had a basic understanding of a
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protractor. The basic understanding of a protractor allowed the studeatsdmplishltie goal of

Celestial Blast.

4.8.2 Research Setting

This research was conducted on Virginia Tech campus in a controlled classroom. Study
one utilized the same research setting to collect data on understanding the role of prior knowledge

on parti cvedeogniiwe adpoemore@etails,eesection 3.5.4

4.8.3 Instrumentation

4.8.3.1 NASA Task Load Index (TLX)

NASA TLX is a direct, subjective measur eme
after interacting with a GLARypplication.We also usedNASA TLX in study one to measure

mental workloadSeesection 3.5.5.%or adetaileddescription of NASA TLX.

4.8.3.2 UserSatisfactiorSurvey

A 12-questionpost activity evaluatiorsurvey was developedo gatherparticiparsd
attitudes of CTML design principles, presentation of learning comeshbverall perceptiors of
the adherenc@nterfaces (e.g., which interface were perceivedalteviate cognitive load and
increase the understandinof the leaning content This survey was adopted from the
Questionnaire for User Interaction Satisfaction (QUIS) 7.0 (Harper, Slaughter, & Norman, 1997).
QUIS measurgparticipantd per cepti on of an i nt garticipaot@ t hr o
subjective satisfactionThe QUIS was proven to be reliable and valid after extensive testing and
seven revisionsAlso, according tahe SMOG Index, Gunning Fog formula and Colerh&u
Indexthe understarability and reading level dQUIS corresponds to a fdbh grade levelwvhich

indicates it is an appropriate instrument to use with elementary aged sti@ieestions were
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phrased to elicit forcedhoice 5-point Likert scale responses ranging frdmmo, to3=maybe, to
5=yes. Examples of questions includ®as too much information presen®Bid the auditory
alerts help you protect the to®1see AppendixH, I, andJ for the complete usesatisfaction
guestionnairge For this dissertation work, we did not formally assess the results via statistical
analysis; however, Appendix O contains simple descriptive statifdiicshe complete user

satisfaction questionnaire.
4.8.4 Data Collection Procedure

This study employed fave-step procesgirst, participantsvere introduced to the primary
researcher and undergraduate developers of Celestial Blast. The research team gave a presentation
of game instructions anthendemonstrated how to play Celestial Blast. Tiesentatiorand
introduction and occurred during the first ten minutes of the session. p&Xtipantswere
randomly divided into three grouge control for the order in which groups of participants
experienced the three adherence interfabesing game playwe walked around to assist
participantsf they had any questions on the learning content or AR interface as shown in Figure
4. For example, i& studentwashaving trouble seeing the graphics, the researcher iretriinet
student to manipulate or move the AR maskerncrease or decrease their field of vié&wuring
each interactiorthe participantswvere responsible for recording their game scores.

After interacting with on@adherencenterfacecondition all participantscompletedNASA
TLX survey to seHassess their perceivedgnitive loadandusersatisfactionsurvey. During the
fourth and finalsteps participants experiencetie other twoadherencenterfaceconditions as
shown in tablel7. Similar to step tiheg participants completed the NASA TLX anger

satisfaction survegfterinteracting withthesecond and thir@elestial Blast adherenagerfaces
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Table17: 3x3 Latin square

Step Three Step Four Step Five
High Adherence Low Adherence
Group One Interface Interface
Low Adherence High Adherence
Group Two Interface Interface
Low Adherence High Adherence
Group Three Interface Interface
4.9 Results
4.9.1 Research Questioh
Does GLAR nterfacesd | evel of adherence

4.9.1.1 Descriptive Statistics

For averagewvorkload,the unweighted NASA TLX scores were reported as a measure of
cognitive load. Descriptive statistics of cognitive load across adherences interfaces are reported
in table 18. The data showggh adherence interface a median average workload of 0.23, with
minimum and maximum average workload of 0 and 0.62 respectively. Medium rBciere
interface had a median workload of 0.40, with minimum and maximum average workload of 0.11

and 0.975 respectively. Low adherence interface had a median workload of 0.70, with minimum

and maximum average workload of 0.26 and 0.92 respectively.
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Figure 16. Comparing Average Workload by GLAR
Table 18. Descriptive Data for Average Workload by GLAR Interface Designs
Percentile
Interfaces M SD n Min Max 25 50 75
High Adherence 0.311 0.155 22 0 0.617 0.208 0.338 0.410
Medium Adherence 0.410 0.235 22 0.108 0.975 0.219 0.396 0.536
Low Adherence 0.645 0.189 22 0.258 0.917 0.548 0.7 0.796

Note.Lower average workload is better
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4.9.1.2 Hypothesis Testing

Hypothesis (H1)St udent sd cognitive | oad is significan

the principles of CTML.

A Friedmandéds test was conducted to evaluat
of adherence to CTML pr i nciapdragesworkload soaesd.iTeen ¢ h a
test for average workload was significant; therefore, we know at least one of the GLAR interfaces

has a meidn different from the others.

Tableld. Average Workload Friedmanb6s Test Resul't

n Chi-square  df p-Value
Average Workload 22 30.220 2

To test hypothesis 1, apdstoc Wi | coxon pairwise cwaspari sc

conducted using Bonferroni Correction. If thevgdue is less thenza— where m=# of pairwise
m

comparisons to be made which would typicall gif all pair-wise comparisons are of interest.
(; -

. . 330 o .
For this experiment, we can make a totahof %8:3 pair-wise comparisons so we compared
g -

p-valuesto% =.00833. When comparing the-ypalues to 0.008 for both average workload and

mental demand scores, we concluded that there is significant difference between low adherence
interface and high adherence interface as well as between low adhieterfeee and medium
adherence interface. When comparing medium adherence interface to high adherence interface,
we fail to conclude that these interfaces differ significantly. Since the p value was not significant

for the high adherence interface, the diyy@sis was accepted. The comparisons identified that



studentsé cognitive | oad is significantly | ow

and medium adherence interfacéserefore, we accept the hypothedite effect size can be
calculatel using the formula: r ==, where n is the total number of sampl€ke effect size is
considered large when it is more than 0.5, median when between 0.3 and 0.5, and small when less
than 0.3 (Grissom & Kim, 2012Yhe effect size for the difference beten the low adherence
interface and high adherence interface was r = 1.073. The difference between low adherence
interface and medium adherence interface has an effect size of r = 0.878. The effect size for the

difference between the medium adherencefate and high adherence interface was r = 0.342.

Table 20. Nonparametric Comparisons for each Pair using Wilcoxon Method using Average Workload Scores

Level - Level Z-Value p-Value r

Low High 5.035 1.073
Low Medium 4.119 0.878
Medium High 1.608 0.108 0.342

4.9.2 Research Question 2

Does high adherence to the principles of CTML

4.9.2.1 Descriptive Statistics

For game metrics, average game score, highest game score andofuyabes plays were
analyzed as measures of GLAR performance. Descriptive statistics for game performance across
GLAR interfaces are summarized in tables 21, 22 and 23. The data spbwslherence interface
a median average game score of 927, with miniraochmaximum average game scores of 264.44
and 3686.67 respectively; median highest game score was 1560 respectively, with minimum and
maximum highest game scores of 455 and 6120; and median number of plays was 4, with

minimum and maximum number of plays®and 9 respectively. Medium adherence interface

13C



had a median average game score of 533.75, with minimum and maximum average game scores
of 320 and 4150 respectively; median highest game score was 1397.5 respectively, with minimum
and maximum highest garscores of 495 and 4240; and median number of plays was 5, with
minimum and maximum number of plays of 1 and 9 respectively. Low adherence interface had a
median average game score of 597.5, with minimum and maximum average game scores of 146.67
and 23575 respectively; median highest game score was 1072.5 respectively, with minimum and
maximum highest game scores of 205 and 4395; and median number of plays was 6, with

minimum and maximum number of plays of 2 and 9 respectively.

1 O T T T

9_ -

No. of Game Plays

0 | 1 1
Low Medium High

Interface Adherence
Figure177 Comparing Number of Game Plays by GLAR 1In
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Figure19. Comparing Highest GameAdterence es by GLAR
Table21 Descriptive Data for Number of Game Plays by GLAR Interface Designs
Percentile
Interfaces M SD n Min Max 25 50 75
High Adherence 5.045 2399 22 3 9 3 4 6.75
Medium Adherence 5.363 2.341 22 1 9 3.75 5 7.25
Low Adherence 5545 2.219 22 2 9 3.75 6 7

Note.Lower number of game plays resulted in improved GLAR performance
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Table22. Descriptive Data for Highest Game Score by GLAR Interface Designs

Percentile
Interfaces M SD n Min Max 25 50 75

High Adherence 2162.36 1564.23 22 455 6120 853.75 1560 3493.75
Medium Adherence 1760.86 1181.22 22 495 4240 795 13975 23275
Low Adherence 1251.36  861.22 22 205 4395 803.75 1072.5 1476.25

Table 23. Descriptive Data for Average Game Score by GLAR Interface

Percentile
Interfaces M SD n Min Max 25 50 75

High Adherence 1179.92 885.85 22 264.44 3686.7 438.36 927 1541.25
Medium Adherence 911.31 877.15 22 320 44150 434.89 533.75 970.24
Low Adherence 621.44 467.36 22 146.67 2357.5 320.17 579.5 659.06

4.9.2.2 Hypothesis Testing

Hypothesis (H2)Hi gh adherence to the principles of C

performance.

Three Friedmanés tests wer anedianochangedntGRAR t o e\
average game scores, highest game scores and number of plays between students when adherence
to CTML principles were manipulated in GLAR i
score and highest game score were significdetrefore, we know at least one of the GLAR
interfaces has a median different from the ot

plays was not significant.

Table24. Friedmandéds Test Result f oeScotevaedrNangoer ofGamed’laySc or e, Hi
n Chi-square  df p-Value

Average Game Score 22 13.482 2
Highest Game Score 22 8.049 2
Number of Game Plays 22 1.564 2 0.458
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To test, hypothesis 2opth oc Wi | coxon pairwise compari so
average game score and highest game score was conducted using Bonferroni Correction where we
compared gvalues to 0.00833. When comparing thegtues to 0.008 for highest game scores,
we concludedthat there is significant difference between low adherence interface and high
adherence interfaces and has an effect size of r = 0.568. When comparing medium adherence
interface to high adherence interface as well as low adherence to medium adherdace,inter
fail to conclude that these interfaces differ significantth effect sizes are r = 0.223md r 0.393
respectively. When comparing thevplues to 0.008 for average game scores,aoeept the
hypothesis andoncluded that there is significatifference between medium adherence interface
and high adherence interface with an effect size of r = 0.458 as well as between low adherence
interface and high adherence interface with a large effect size of r = 0.758. But when comparing
low adherence ietface to medium adherence interface, we fail to conclude that these interfaces
differ significantly and the effect size of this comparison is r = 0.348. The comparisons identified
the high adherence interface as being significantly higher when lookisgtatt d ent sd GL A

performance.

Table 25. Nonparametric Comparisons for each Pair using Wilcoxon Method using Average Game Scores

Level - Level Z p-Value r

Low Medium -1.6314 0.1028 0.348
Medium High -2.1478 0.458
Low High -3.5561 0.758

Table26. Nonparametric Comparisons for each Pair using Wilcoxon Method using Highest Game Scores

Level - Level Z p-Value r

Medium High -1.185 0.2359 0.253
Low Medium -1.8426 0.0654 0.393
Low High -2.6641 0.568
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4.10 Discussion

The goal of this study is t@l) examine if principles provided by CTML can appropriately
be applied to GLARand reduces t u d eagrtitisedoad and, (2) determine whether or not
adherence to CTML principles iassociated with positive GLAR performand&ey results from
the empirical study revealed that high adher
| ower i ng st udeantd(@)oompowong Gelestial Blast perlmranance. These findings
are algned to what is predicted by CTML (Mayer, 2005), but also bolsters multiple research
studiesn multimedia learninghatshowreduced cognitive load and improved performance when
multimediainterface designstrictly adhee to CTML principles (Van Dusen,9B7; Lai et al.,

2013; Kim & Kim, 2012).

4.10.1 Cognitive loadResearch question 1)

Mayer advocates for adherence to principles of CTML as an effective methodology to
reduce cognitive loadndaccount for the amount of information that can process at one time
(Mayer & Moreno, 2002). According to Mayer, using the coherence, signaling, spatial contiguity
and temporal contiguity principles of CTML will reduce and masige u d eognttive fbad. The
results of this study supp othatsuddgesyhgh adllerercétai m b
principles of CTML is helpful at efficiently reducingtudentcognitive load andnoreover that
derivation from CTML principle will significantly increasestudentcognitive loadwhen using
tabletbased GLAR applications. Thuwhen interacting with the high adherence interface,
students may not have to use as many working memory resources to select, organize and integrate
auditory and visual information which in turn could be why we observed lower reported average

workload.
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The observed increase in cognitive load when using the medium and low adherence
interfaces could be from the students experiencing stress when trying to actively participate in the
cognitive processes of selecting, organizing and integrating. This sttddshave been attributed
to (1) only using one modality in the low adherence interface or overloading the visual and auditory
channels in the medium adherence interface, (2) organizing the visual and auditory content in an
illogical manner andor, (3) canplexity of the learning content. According to literature, when
students are stressed they are not capable of fully participating in cognitive processes which
contributes to cognitive overload and hinder

Eysenck& Calvo, 2002).

4.10.2 GLAR performance (Research question 2)

Our studyrevealed that students interacting with the high adherence interface had
significantly higher GLAR performanascompared to students interacting with the medium and
low adherencenterfaces. The observed low performance could be due to students being distracted
by (1) the inclusion of unnecessary information not related to the learning content, (2) the absence
of signaling and (3) the increase in temporal and spatial contigéitthough we concluded that
closely adhering to the principles of CTML could increasé¢ u d d¢ablétlsaged GLAR
performance, our findings do differ from earlier studies conducted using 2D multimedia
technology (Chang, Chien, Chiang, Mi@fhao & HsinChih,2013; Savoy, Proctor & Salvendy,
2009). For example, Wolf (2009) found that adhering to CTML principle did not increase
performance using PowerPoint to deliver multimedia instruction to college aged students. While
CTMLOG6s principl es ssesrmpresentdng snfognatiendin diverse andltdnecdka
materials and technologies to increase performance, adherence to the principles may not

necessarily apply to the development of all technology as predicted by Mayer and colleagues



(Mayer, 2009; Sorden, 200®urkes, 2007) The resul ts of our study
principlesarepotentially applicable and effective for designing tabl@sedyamified augmented

reality applicationsFurther research using tabledsed GLAR is needed to validate our finding

4103CTMLGs Design Principles

The satisfaction survey results found in Appendix O suggest that students were indifferent
about the use of coherence in talllased GLAR. Students felt that presented irrelevant
information such as background music and aoiohtl graphics, made the GLAR application more
interesting and, therefore, more effective. This finding suggests that low coherence (e.g., interfaces
with i1rrelevant i nformati on) may actwually <co
increasing GLAR performance. Muller et al. (2008) suggest that contrariety to the coherence
principle, multimedia designers shouidclude irrelevant but interesting audio, graphics, and text
to increase studentsdé interest rniagdbdhe mteresengt i o n
but irrelevant information in Celestial Blast could have bieerexample the dancing astronaut
and flying UFO. Additionally, arousal theory concludes that emotionally arousing students with
irrelevant but interesting informatiazan resulin increased motivation (Reisenzein, 1994). The
assumption of arousal theory is students learn best when they maintain an optimal level of
emotionally arousaHowever, each student has a unique arousal level that is right for Ters.,.
more research is needed to investigate the use of coherence while determining what is the
appropriate inclusion of irrelevant but interesting information to keep each students aroused when

interacting with tablebased GLAR applications.

Signaling: The data gthered from the satisfaction survey indicate that not adhering to
signaling contributed to studebiscreased cognitive load. The mean score displayed in Appendix

O indicates that students found the signaling principle to be effective at reducing th& amou
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time and amount of information that students held in their working memory as compared to
coherence, spatial contiguity and temporal contiguity. These results echo results of other studies
that found signaling reduced cognitive load by structuringrin&tion that guided students to the

most pertinent information (Xing, 2006). The main advantage of using sigmalielestial Blast

was to draw studeridsttention to important information such as the ammunition indicator and
health barandto use voieovercuesas a cognitive guide helps students make sense of the

game.

Spatial contiguity: Survey results suggesitat manipulation of spatial contiguity had an
effect onstudentsjnteraction with GLAR. In the medium and low adherence interface, students
could have experienced increased cognitive load due to theatipiition effect. According to
Mayer, thespilt-attention effectcan occur when the visual channel is overloadeth ghat
searching for and identifying relevant visual information requires signifiatehtional and
cognitive resourceg-or example, instead of isolating text from graphics, the integration of related
information should be placed together to reducelianinate the spliattention effect (Paas et al,
2003). Therefore, effectively applying spatial contiguity to the design of GLAR applications can

help with the management of working memory limitation and reduce cognitive load.

Temporal contiguity: Similarly to Rummer and his colleagues (2011), we found no
advantage of adhering to temporal contiguity when simultaneously and sequentially presenting
audio and visual information to students such as (1) the laser fired and explosion, (2) points
received and alio alert and (3) level cleared notification and audio alert. Of the four principles
used to design the GLAR applicatiant u d esponses indicate that they were indifferent and
least effected by manipulation of the temporal principle. Findings &ribwer studies investigating

the simultaneous presentation of informatiming temporal contiguity also indicambiguity



about its efficacy (Michas & Berry, 2000; Mayer & Johnson, 2008). Therefore, more research is
needed to understand when and how tmalpcontiguity is best used when designing GLAR

applications.

Although Mayerand other researchepsovide extensive research on the importance of
using the four design principles studied herein to reduce cognitive load, this study foualtl that
of Maye r riaciple claimsmay not hold when considering the design of tabéted GLAR
applications for our specialized population. Specifically, further research is needed to support the
claim that coherence and temporal contiguity reduce cognitive load and increase GLAR
perfommce. Al so, for this study, studentsd compr
therefore, no conclusions can be drawn as to whether high adherence to CTML prinidiples

have an effect on contebtised learning gains.

4.10.4 Implications

This research is crucial for understanding how adherence to CTML principle can affect
studentsé cognitive | oad and game per fTor mance
the best of our knowledge, this work is the fissapplyC T ML 6 s p (originat degigheel and
tested for 2Dmultimedialearningapplications)to the designof tabletbasedaugmented reality
applications. Thus, this work contributethe body of literaturdy providing a starting point for
other researcherinterested in designg educatiorbased GLAR applicationfocusing on the
mathematical concept of anglds fact mosteducational researdtudiesto date oreducational
AR applicationshavelacked a theoretical basighis work further providesvidence thaCTML
may beanappropriate framework to ground and guide the development of GLAR applications that

amtor educe st udenand éinfarae ghathemdticaleconteptsinl underrepresented
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studentsThis study also suggests adhering to the principles of Ciisljyallow student to engage

in effective cognitivgorocessingvhich in turn improved their GLAR performance.

4.10.5 Assumptionsnd Limitations

There were a few assumptions made in this stiBassumed that ghlarticipanthad the
samemathematick®ackground knovedge which may not be accurateall likelihood, wthin and
between groups, aparticipantshad varying levels of knowledge because they had different
mathematicseacherandcame from different schools.

Another assumption made was that fifffladeparticiparts have the ability to selfeport
the amount of cognitive load experienced during the gamified AR activity. To support this
assumption, it should be noted that researchers Gopher and Braune (1984) claim that elementary
studentsare more than capade at providing a numerical value to assess their perceived,stres

frustration and cognitive load

Lastly, we assumed théhe degree in which we manipulated the principles of CTML
between GLAR adherence interfacgas sufficient enougko determinedifferences in GLAR
performance and cognitidead among the student®Results suggest théte low, and medium

adherencénterfaceconditions did indeed effecbgnitive load and GLAR performance

A limitation of this study is the potentiédr participat s 6 pr ef er r etalbecogni t
unmatched (or matchelly Celestial Blasinterface designThis individual factor could havead

animpactors t u d e n tcegditiva loat, anéthus selfeported cognitive load scores.

Another limitation of the studwas ensuringarticipans werefully engaged during the
three gamified AR sessions. To overcome this limitation, at the start of each ses&archers

encourage participans to achieve the highegiossiblescore amongsall other participarts.

141



Partcipants with the highest scores were acknowledged and awarded with pandalesll
otherparticipantsreceivedSkittles candy More research is needed to determine the appropriate
time in which students should be exposure to GLAR adherence interfedese fatigue or

distraction effects occur

In this study, fourprinciples of CTML were manipulatedollectively rather than
individually. Therefore, weannotdetermine which particular princigkd had the greatest impact
on cognitive load and GLARame performancélthough theuser satisfaction survgyovides
some insights)More research is needed to investigtite individual principles of CTMLin

gamified AR settings

Also, the user satisfaction survey data was not formadly fully analyzed.Therefore,
future research shoulexamine this data more deeply, by for examplesformng a cluster
analysis to determine internal consistency amongst the individual princiabesher future
analysis could be tperform an analysis of varianoa suney response data analyze differences

among the principles.

There were limitations concerning the small sample size of twemtyarticipants, which
has clear ramifications for the generalizability of the study to larger populations. However, the
resuts can be generalized to fifth grade students who live in lower socioeconomic settings and

attend Title | schools in Virginia.

Studentsd exposure time to the GLAR inter
Allowing students more time to interact tithe diffeent interfaces of Qestial Blast could

possibly result in different cognitive load and game performance results.
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Lastly, the sample of participants was not fully random dubeémeed t@ain access ta
specialized populationThis lack @ random sample could impact the study(thy lowering the
level of generalization of research findingad (2) it is difficult to estimate sampling variability

as well as (3) how your studgpresentshe entire population.
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5 Impact of Cognitive Styles on Cognitive Load

5.1 Introduction

Recently there has been mmcrease in the introduction of technological innovations in
everyday life. With the evolution and advancement of these technologies, it is important for
researchers, especially in thdueational field, to investigate how to effectively use them for
educational enhancement. Studies already report that emerging technologies are changing the way
students engage and learn both in and outside of the classroom (Zimmerman, 2007; Song & Keller,
2001; Martin et al., 2011). One such emerging learning technology is augmented reality (AR) and
according to the Horizon Report it has the potential to significantly impact learning (Johnson et
al., 2010). Although many benefits of AR have been repotteld as increased collaborations and
motivation (Kaufmann & Schmalstieg, 2003; Liu et al., 2009), improvements in kinesthetic
learning (Feng et al., 2008; Kortranza et al., 2009), increased spatial abilities (Arvanitis et al.,
2007; MartinGutierrez et al.2010), further research is needed to fully understand the cognitive

effects AR interfaces and experiences may have on students.

To understanding cognitive effects, we can begin by examiningutmerous individual
differences amongst students using défe AR interface designs. Researchers, such as Johri and
Olds (2011), have suggest that learning environments enhanced by technology can be improved
by understanding and designing to individual differentetividual differences should be taken
into accaint when considering factors that affect learning and ways learning can be maximized.
Messick (1976) believed education should capitalize on individual differences in order to promote

greater learning achievementBherefore, the literature suggests thasearchers cabetter
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understand individual differences and account for such differences amongst students using
cognitive styles (DO6Mel | Gognitierstalas gefined-by Messick & Gr a
(1976) as consistent individual differenceswhich students prefer to perceive, organize and

process information. Messick further purpdhat the influence of cognitive styles extends to

almost all human activities that involve cognition. Ehrman (1999) suggests that knowledge about
studentisvbe csotgynliets wi | | enabl e researchers and
stages of cognition and the psychological effects students may experience when using AR. Further,
researchers have determined that cognitive style is a factor that affectdbarraf areas in the
classroomsuch as the way teachers teach, the way students tedrru d ent s d andr ef er e
student sé academic achievement (Cl ar k, 1971

Goodenough, Witkin & Freeman, 1974).

According to Cakan (2@) |, delivering content i n a mart
cognitive style is one of the most significan
because it allows students to make sense of the classroom environment by collecting, analyzing,
evaluating, and interpreting data. Knowledge of cognitive styles may not only be valuable in
determining the most effective teaching and learning methods, but also how to properly design
technologybased learning applications. According to Refsgaard amdilkksen (2004), it is also
valuable in developing guidelines that effectively present information to students while accounting
for their cognitive differences (Refsgaard & Henriksen, 2004 order to maximize studesdt
cognitive outcomes and design effee AR learning applications, researchers and developers
should adopt established cognitive theory in
structure the presentation of information. One such theory that can inform design based on the

cogdi tive resources of students is Mayerds Cog
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( Mor eno, 2004) . CTML provides principles that
processes and when used in multimedia learning design, results in systeemapower students

to actively process and organize information held in working memory.

However, little research has been conducted on accounting for individual cognitive
differences when applying principles of CTML. It is important to investigate whether certain
design principles of CTML correlate #gocertain cognitive stylge.g., fieldindependent students)
better than other design principles. More research is needed to investigate the relationship between
students6é cognitive style differences and pr.
technology interfaces do not overwhelnudgnts. Therefore, this study will investigate how
studentsé cognitive style can inform the des

i mproving studentsd cognitive performance.

5.2 Purpose of the Study

The objective of this research is to establish t her e iis a relations
cognitive style and cognitive load when designing a gamified learning AR (GLAR) application.
Specifically, this study investigates haacounting foindividual differencesisingcognitive style
influence cognive load and the creation of new knowledge when using a GLAR application.
Cognitive style is an important factor to considdren designing GLAR becausestthe manner
in which students perceive, organize and process information (Price, 2004). Thehregéar
develop an understanding on how certain principles of CTML effects the way students perceive
and process information based on their cognitive style; examining botld&pkhdent and field
independent cognitive styles. This reseanafil further analyze cognitive load, contebfised
learning gains and game performance to examine to what degree CTML principles map to a

particular cognitie style. Specifically, this researalll systematically vary both the voice and
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coherence principles of CTML,sing four GLAR interfaces to determine if differences exist
between fieldndependent (FID) and field e pendent ( FD) studentsd cocg

turn inferring to what degree these principle

This research pragses that the consideration of cognitive styles might provide researchers
with GLAR design insight to help minimize the cognitive load of students interacting with such
GLAR applications. The results of this study will determine if cognitive styles ama@ortant
consideration when designing GLAR applications. Additionally, the research will add to the
existing literature by establishing guidelines on how to reduce cognitive load in GLAR

applications while accounting for individual differences.

5.3 Related Works

An important focus of psychological research into student learning concerns the cognitive
aspects of learning. The study of cognitive styles is an area of research that supports the
psychological implications on studenEarly researchethat understndstudents' abilities to form
concepts, solve problems and build mental moddi®lateresaind researcim students' cognitive
styles. Numerous definitions of cognitive style are available, but to guide this reseaddfine
cognitive styleas theways in which a student conceptually organizes and process information in
the environment based on their perceptual and intellectual abilities (Merriam & Caffarella, 1991).
To understand cognitive styles and their educational significance, Witkin ePar)(hegan to
investigate the impacts on cognition toentifying the complementary cognitive styles termed
field dependence and field independere® of themost commonlycited cognitive styls in the

scientific literature



The key difference betwedfD and FID students is the way in which they process visual
information Riding & Cheema, 1991). According to Witkin (1977), FD students may need more
specificinstructions iMproblem solving strategié®sr a cleardefinition oflearning objectives and
performance outcomes as compared to FID students who may perform better when allowed to
develop their own strategies (Witkin, 1977). In 1971, Grieve and Davis investigated the role of
cognitive style on two different methods of instruction (i.e., exposaad/discovery) with ninth
grade geography students. The research concluded that FD students had significant difficulty in
acquiring knowledge of Japandés geography and
situations. HoweverkID studentshave theability to organize and apply the information to new
situations on their own (Grieve & Davis, 1971). Messick (1976) points out that FID students can
easily differentiate objects from embedding contexts, and have more facility with tasks requiring
differertiation, whereas FD students tend to experience events globally in an undifferentiated
fashion. Lastly, FD students have a great connection to social orientations such as conversations
with other students to understand the information presented whilet&dlerds prefer to work
alone to distinguish concrete information from complex perceptual fields. Such results were
bolstered by a study conducted by Fitzgibbons and Goldberger (1971) which investigated the
relationship between cognitive style and memowalle The study found that FD students can
more easily recall material of a social nature or relatesbéial interactions verses FID students
whom more easily recall information that is task related (Fitzgibbons & Goldberger, 1971).
Essentially, FID stuehts are not distracted by irrelevant information and can ackdgel
important visual informatioeasily. While FD students can be distracted by irrelevant information,

thrive on social interactions and benefit from visual cues to help identify importamrhation.
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Research by Lin and other researchers have shown that cognitive stylaaisttimelividual
factor to consider when developing interfaces and assessing the role of individual differences in
student learning outcomes (Lin, Huang, & Kuo, 20@9study conducted by Parcels (2008) found
that designing online instructions to match the cognitive style of FD students resulted in increased
performance on preand postas sessments. According to Parcel s
cognitive styé and designing online instructions to meet individual cognitive needs has a positive
impact on achievement for both FD and FID students. However, a study conducted by Hall (2000)
found that interactive treatments provided by a computer program to sappaoitive styles did
not improve the performance of FD students. His research presented geography pisdents
puzzle that was created using a computer program. The jigsaw puzzle was made from maps and
A ma@omly varied the type of faractivity availalb® to studerst when solving the puzzlésHe
hypothesized that FBtudens woull solve the puzzles quicker with more accuratyen they
interacted with the jigsaw puzzle. However, FID students were faster (Hall, 2000). Ogle (2002)
conducted a study toinget i gat e how studentsd cognitive st
virtual environment. His research also found that there were no significant differences in test scores
for participants who received information virtually versus -notually. However, here was a
significant interaction effect for FID students who received information in a virtual environment.
Overall, this study concluded that virtual environments had no effect on the recall ability of FD
students and a positive effect for FID studefith,.e af or ement i oned studi es
differences can affect learning; however, more research is needed that addresses how to
specifically meet the needs of FD students. Also, research that examines the role of cognitive styles

when using ARapplications is missing in current literature (Chen & Tsai, 2012).
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5.3.1 CTML design principles

Research shows that technology can achieve significant learning outcomes when it is
explicitly designed to take the student and human cognitive limitationsongderation (Paas,
Renkl, & Sweller, 2003; Clark, Nguyen, & Sweller, 2005; Sweller, 20@3)ML provides
principles to help guide the design of technology such as AR to account for the cognitive
differences amongst students. Researchers believe theavmigsmherence principles of CTML
can helpr es pond toognisvé pratessing @ meet the needs of both FD and FID
students. The objective of tlowherence principles to reduce extraneous load by eliminating
irrelevant visual and auditory inforrien (Mayer, 2005). According to Clark and Mayer, this is
the single most important principle as cautious selection of visual and auditory information is
needed to ensure maximum learning outcomes. Most studies that examine the coherence principle
have r@orted that the inclusion of extraneous information hinders learning for all students (Bryant,
2010; Lehman et al., 2007; Lusk, 2008; Mayer et al., 2008; McCrudden & Corkill, 2010; Rowland
et al., 2008; Rowlan@ryant et al., 2009; Verkoeijen & Tabbers02). The objective of theoice
principle is to help with the processing of information by embedding socdivational cues in
instructions (Mayer, 2009). According to Mayer, all students specially FD students perform better
on problem solving transfeasks and increase their understanding ofléehening content when
audio isdelivered by human voices insteadsthulatedvoices. Studies have further found that
voice alone has a significant impact on learning for all students and removal of socralkciiss
in negative effects on learning outcomes especially in FD students (Lin et al., 2016; Mayer, 2009;

Mayer et al., 2003; Ahn, 2010).
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5.3.2 SupportingField Dependent Students

Field dependence is a mode of perceiving the environment wimere o n e dGiecnisper c e p
controlledby thar surrounding and whereby the surrounding parts are undetectable. When a
person is FD, they have a global approach to problems and have difficulty disembodying parts and
imposing structure on an ambiguous situation (Witkin et al., 1977). Since a FD shalehave
difficulty for example, distinguish objects from their backgrounds, they often require more
"explicit instruction in problem solving strategies" (p. 25). FD students are oriented more towards
social activities and prefer to participate in collaive activities. They learn material with social
context and seek externally defined goals and reinforcement. Although their approach to learning
is passive, they constantly monitor and respond to their authentic environment by utilizing their
senses trocess information. They also use existing organization of material to help when

cognitively processing new information.

Therefore, the coherence principle will be leveraged to take a minimalist approach to
GLAR design, providing wll-defined goals andnclude necessary information needed to
understand learning content being presented. Since stress tends to impair memory in FD students,
the GLAR applications should provide students with a clear and straightforward application that
reduces ambiguity bulso ensures the learning content is not repressed. By limiting the amount
of information presented to FD student s, GL AF
improving their critical thinking skills and ability to work. The voice principle wilbyide FD
students with social cues, aural alerts and positive feedibaticrease social connectedness
Using conversational feedback and creating a social presence within GLAR may help students
relate to | earning c¢ont emahsferaknosvledgenfom theaGLAR st u d ¢

application to a new task.
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5.3.3 SupportingField Independent Students

Field independence is a mode of perception where an individual experiences new
environments in discrete parts rather than a continuous whole (Andersoh,A@&8son who is
FID can distinguish concrete information from its context and takes -dlisstted approach to
learning. According to Witkin et al. (1977), FID students prefer to work alone in solitary learning
activities and exhibit greater skill inrganizing information in working memory. Superior
cognitive restructuring ability appears to enhance the student's ability to learn the content while
working alone. These students perceive information analytically and can find organization in an
unstructued environment while using an active approach to learning. They learn more in the
absence of external reward and when intrinsic motivation is present. FID students are less
susceptible to interferences from outside influences and can navigate throughliemn

information in order to determine relevant information.

Although stress has less effectBib st udent s6 cogni ti on, it S
appropriate design principl esFIDstudems thea@ AR st ude
application leverages voice and text to present information using dual channels. According to
Mayer, students learn more when information is conveyed using audio and visual rather than visual
presentation alone. By including auditory cUelf) students will havéhe opportunity to construct
new mental models that include new knowledge and information already presentlontresrm
memory (which in turn deepens contextual learning). However, the aural cues will not include
voice-based positive feedback as ciéised above for fieldlependenstudens. Positive feedback
could be considered bothersome for FID students and hinder contextual learning. The coherence
principle is used to presehtD students information in a top down, logical order. Altho&djb

students can distinguish between relevant andnetevant information, it is easier and quickly for
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them to process an abundant amount of information when they can encode the information with
existing knowledge to give it meaning. Thus, GLAR applicationsilshadequately challenge

students by presenting them with relevant but abstract information while also using dual channel

modality.
5.4 Research Questions

Research Qestion 11s the cognitive load of fieldhdependent and fieldependent students
impacted wen voice and coherence principles of CTML are manipulated in GLAR

applicatAWenr ABw? | d

Hypothesis (H1)The cognitive load of fieldependent students is significantly lower in
the VorChigh condition relative to the other conditions when voice aoderence

principles of CTML -&AWer mdoi pul ated in 0

Hypothesis (2): Fieldi ndependent s t u dwilinnotsbé significgnb i t i v e
different across thefour experimental design conditions when the voice and

coherence principles of CTMdre manipulated.

Research Qestion 2Does studentsod cognitive style i1
voice and coherence principles of CTML are manipulated in GLAR application
ABuU-AWdr | do?

Hypothesis (B): Field-dependent students perform significantighter relative to field
independent students when the experimental condition of the coherence principle

is high in the GBWRrhgdgplication ABuild
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Hypothesis (M): Field-i ndependent student sé GLAR perf
experimental conditonf t he voice principle i-s off

AWor | do.

Research Qestion 3:Are there contenbased learning gains for fielddependent and
fieldcdd ependent student s after engafement
Wor |l do?

Hypothesis (19): There are conterAbased learning gains for both fielddependent and
feldddependent students afAWerl dvgagement w

Hypothesis (). The contenrbased learning gains is significantly higher for field
dependent students relative field-independent students after engagement with
ABu-A-Wdr | do.

5.5 Study Overview

This study is a 2 x 2 x 2 mixed factor experimental designtiwite independent variables:
voice principle(on, off) within subjects,coherene principles (low, high) witm subjects and
cognitive style of the participanFID, FD) betweensubjects. This research desigims to
investigate the impacts &fID and FD cognitive styles omparticipanté cogni ti ve perf

when the voice and coherence principles of CTML areipugated in a GLAR application
5.6 Experimental Testbed:Build-A-World. A Gamified Learning AR Application

For this work, we designed and built an AR application as a research testbed that afforded
the research team the ability to manipulate the voice ahdrence principles of CTML in a
gamified AR educational settingBuild-A-World is an interactive, handheld, tableised AR

application developed to reinforce the mathematical concepts of area, perimeter and volume to
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sixth gradeparticipants This GLAR aoplication is designed to be used as a supplemental tool to
complementary educational approaches whereby students can strengthen their existing mental
models. Unlike other AR applications that requoeeticipantdo wear heagnounted displays or

use spatl projectors, BuildA-World was developed in the COGENT Lab at Virginia Polytechnic

Institute and State University by five undergraduate Computer Science students using Unity and

the AR ToolKit library.To deploy the BuildA-World requires an Android tadt to render the

virtual content and a printed AR marker to position the virtual information into thevoekl

sceneAn AR marker is a printed pattern or picture that contains -pmgrammed visual pattern

that the frontfacing tablet cameracanrecbg ze and use to deter mine t
pose. For this application, there are five markers: four stationary and one moveable allowing the

participantgo view the virtual objects from different angles (Hubbard, 2009).

The learning contentsedto inform the design of BuildA-World came from the Virginia

Department of Education curriculum. The gamified AR application addressed three specific

|l earning aims adopted from Virginia Public Scl
participants mustcalculate the perimeter, area and volume in standard units of measurement. The
second aim was fgparticipantsto differentiate among perimeter, arand volume for a given

scenario. The final aim was fparticipantgo identify whether the apation of the concept of

perimeter, area or volume is appropriate for a given situation.

Build-A-World was designed by leveraging principles of gamification and CTML
(described in Sections 2.1.1 and 5.3.1, respectively). The interface is composed of five
gamification elements: feedback, score, narration, rewards, and freedom to fail. Each element is
implemented to help engagarticipantssucceed in the activity by directing their attention to

important content. Based on CTML, the application utilizes doahnels of modality to allow for
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both visual and auditory processing. Also, auditory and visual information is presented
simultaneously to reduce their cognitive load when interacting with the application. The coherence
principle of CTML ensures that gntelevant information related to area, perimeter and volume

are presented to participants which helps ens
managed efficiently. The voice principle of CTML is leveraged but using a human voice to deliver
auditory alerts and messages help develop social connectednegish participants.Social
connectedness is defined as a cognitive representation of the degree participants feel connected to

other participantsthe technologwandbr social interactions (Lee & Robbins, 1995).

Build-A-World, as shown iniure 2Q was designed around a-ficgamification theme
whereby aliens from the outer reaches of space where traveling to Mars to visit their Martians
friends. However, to suppathe visit, the Martians have to first build a place for the aliens to land
their UFOs. Participants have to help the Martians build a landing strip with a defined perimeter
so the Aliens can safely land their UFOs. The participants have 15 minutesdtthbuanding
strip with the accurate perimeter. The design mission allows participants to use their creativity and

apply their content knowledge to accomplish the task.
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Figure 20: Build-A-World Interface

Build-A-World initially provides participants with a limited amount of material to build
the landing strip. There are fomaterialsthe participants can use to build their landing strip: steel,
wood, crystal and brick. To play the game, participants first select which ahabery want to
use then double tap anywhere on the tablet surface in the location where they waatietied
blockto be placed. Each material block is 1 x 1 x 1 unit in size and can be placed side by side or
stacked on top of each other in all thremmeinsions. As participants build the landing strip, they
place virtual material blocks into the reabrld (e.g., on the table in the classroom), and can view
their 3D designs from arbitrary locations by walking and pointing the tablet back toward the fixed
printed marker (where their virtual design is displayed). To acquire more material, participants

visit the markets by first walking to one of four room locations (corresponding to each material
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market) where printed markers have been mounted to the Sitlents then questions relating

to the learning conterthat were adapted from Virginia Standard of Learninga fuestions
correctly answered in the market, participants will receive a random amount of building material.
However, if a question is awered incorrectly after two attempts participants will receive a new
guestion. In order to leave a market and gain additional material, the participant must correctly
answer at least one question. After each visit to a market, participants may contuling their

landing strip until the structure is completed. Throughout gameplay, participants can inspect the
perimeter of their structure to assess the current perimeter and plan modifications needed to
eventually meet the target perimeter. If they arecessful at building the landing strip and have
time remaining, participants have the opportunity to freely build anything they want with an
unlimited amount of material. If the current perimeter does not match the target perimeter,
participants must keeporking on the landing strip and answering questions until the target
parameter is met or the 15 minutes expitee experimental setting and examples of participants

utilizing the GLAR application are displayed in figu@bkand 2.
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Figure 21: Experimental Setting



Figure 22: Participants utilizing Build-A-World
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5.7 Independent and Dependent Variables

To explore the interaction between CTML de
style differences, four BuildA-World interface conditions were created by crossing the two
conditions of the voice and coherengrinciples as shown in taki?d. Each of the four Builgh-

World conditions require participants to build a different sized landimgy s

5.7.1 Voice Principle: 2 levels (on and off), withsubjects

In voice-on conditionsparticipants were presented aural voiceover cues such as narrations,
alerts and positive feedback. The voiceovers were a male human voice used to highlight significant
information and encourage patrticipants throughout the game. For example, when UFOs were five
mi nutes away from Mar s, participants receive
mi nut es away! Hurry and compl et €At thehmearket,andi n
participants receive positive feedback such
guesti on The malusiant df yaicéovers increases the processing of significant
information for participants that interpret social commutidcaas vital information which allows
for deeper active processing of the social cue. For yvami¢eghe use of positive feedback and
encouragement can foster a sense of connectedness with other participants and the GLAR
application.Therefore, by examing voice as an independent variable we can give insights on
how social connectionsuch as feedbaafects cognitive load, GLAR performance and content
based learning gaing:or voiceoff conditions, all voiceover cues were removed. Removing
voiceovers daeases the degree of social connection perceived by some participants and can
negatively affect conteriiased learning gains when participants have to allocate more effort to

understand significant information.
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5.7.2 Coherence Principle: 2 levels (high and lowjthin-subjects

In high-coherence condition (figure3p a minimalistic interface was used that includes
only information relevant to the mission. Thus, the ligherence condition includes the core six
piecesof information necessary for participatdscomplete the challenge. (1) The top of the screen
displays the four types ohaterialsas well as how many blocks are remaining for each material
type. (2) Beneath the materials is thedete modéunction, which allows participants to remove
unwanted raterial blocks. (3) Thenission statemens displayed beneath the materials, which
informs participants of the gameds objective
bottom of the screen displays: the timer, perimeter check and submit buttons. (d4in&he
displays how much time iemaining in the mission. (5) Theerimeter checlbutton allows
participants to highlight which material blocks they want to inspect the perimeter of their landing
strip.  (6) And finally, thesubmitbutton allows participants to calculate the perimefethe
highlighted blocksHigh coherence should allow for visual perceptiveness which is defined by the
ability to distinguish important parts of the interface from the complete intedfiacegnitive
restructuring (Messick, 1993By examining coherencesan independent variable we can give

insights on visual perceptiveness.
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Brick: 3 m3 Crystal: 2 m?

Delete
Perimeter

Submit

oSO

Figure 23: High Coherence Interface for BuildA-World

In the lav-coherence condition (figuredp, partidpants are exposed to nine pisoef
information,six of which are the sae as those presented in the higiherence condition. The
additional three pieces of information include: score, updates on incoming UFOs, and blocks
placed. (7) As participants earn more points, gbereis visually updated. (8)he updateson
incoming UFOs are displayed on every three minutes as both an auditory and visual alert. For
exampl e, the first alert says fAThe Aliens ha\
mi nutes to finish tlbocksplaceddigplays the tetdl numiper af blackd ) T h ¢
placed in the scene at and is updated as participants add and delete material blockitidined a

pieces of information in lowcoherence conditions presented participants with irrelevant
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information, which focees them to utilize unnecessary cognitive resources to determine what

information is important: a task that is likelgrdder for some participants thathers.

Delete

Perimeter

Sumt

Figure 24: Low Coherence Interface for BuildA-World

Table27: The study employed four Build\-World Interface Conditions
Coherence Principle

Voice Principe
Low High
On VorCiow VonChigh
Off VottClow Vo#Chigh
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Participants werexposed to allour experimental conditions. To prevent ordering effects,
exposure to conditions were randomly order per participsettording to Easterbg1984) it is
important to pregnt ordering effects because such effectsimgract performance as well as the

cognitive procases that affect comprehension

5.7.3 Cognitive Style: 2 levels (field dependent and field independent), beswbgtts

Cognitive style is the way a student organize and process information that is distinct to
them(Witkin et al., 1977)According toCakan, cognitive styles is the most significkdtor that
may impact studesd learning outcomes because it allows the student to make sense of the
classroom environment by collecting, analyzingalaating, and interpreting data. There are two
types ofcognitive style: field dependent and field independErgld dependent studentsquire
more organizational structure to distinguisformation within a larger visual field armély on
social connectednesghile field independent studerdse analyticahndcan distinguish concrete

information froma larger visual field.

We used hie Group Embedded Figures Test (GEFT) to determine the cognitive style of
participantsThe GEFT is a twenty minute test that requires participants to locate and outline 18
simple geometric figures hidden within a drawing of a larger, more complex geometric Bhape.
score of the test ranges from zé&wa@ighteen where one point is given for each correctly outlined
simple figure. If goarticipantscoreal between 2 and 1@e idenified themasFD and scores from

11 to 18allowed us to identifyrID participants

5.7.4 Dependent Variables

The dependent variables of the stugre cognitive load scores, resultex pre/post

assessmentearning gains, game score and percentageoofect answersThe dependent
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measures were collected through sefforted ognitive load survey$NASA TLX), pre/post

assessments a@l AR game metrics.

1 Pre/Post assessment resultfirea s s e s s ment deter mi ned t he

understatingf learning content before exposure to Celestial Blast. The results ranged from

0 (lowest/no questions answered correctly) to 10 (highest/all questions answered
correctly). Theposh s sessment determined the particip
leaming content after exposure to Celestial Blast. The results ranged from 0 (lowest/no
guestions answered correctly) to 10 (highest/all questions answered correctly).

1 Learning gainsthese gains are calculated as the differences betweeramepost

assesment results, and ranged freg(worst) to 6 (best).

1 GLAR game metricsgamescore achieved angercentage of correct answegudents

visited the market plad® gain additional material and brder to leave the markehey

had to correctly answet keast one question. Percentage of correct answers was calculated
by dividing the number of total questions asked by the number of questions they correctly
answered and ranged 0 (lowest/no questions answered correctly) to 1 (hilgiesstions
answeredorrectly). It is important to note that correctly answering questions in the market
place had no effect on the game score.

1 Coanitive load scoresaverage workload from NASA TLX survey ranged from O (lowest

workload) to 1 (highest workload).
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5.8 Methodology

5.8.1 Participants

The target population for this study will be fifth grade students from Tiglehools in
Virginia Public Schod. Title | is a funding program provide by the U.S. Department of Education
to Aassi st Iriskwtudemsovbonaestrugghng academically to obtaimigh-quality
education and reach, at minimum, proficiency on challenging state academic achievement

standards and assessments. o0

The studyemployed26 participantdfrom differentTitle | schools in the Soudastregion
of Virginia. All participantscompleted a public education through the fourth grade and passed
necessary Virginia SOLs in order to move onto the fifth grade. Researchers gained access to the
participantsthrough the Boys and Girls Clu8GC) of Souheast Virginia. TheBGC is an
afterschool program that encouragésldren especially those who at risk, to realize their full
potential as productive and responsible citizens. The organization empliasizes! work and
offers programs on character aledership development, the arts, health and life skills, and
computer skillé while promoting a sense of competence, usefulness and belonging to the boys
andgirls. BGC advocates farducational advancement to prepare studenfsitureopportunities

asthey work diligently to achieve their dreatf3GCA, 2012).

Participantswerefirst divided intotwo groups based on their cognitive stifeD and FD)
asdeterminedby the Group Embedded Figures TeRbese two groups were further divided in
half to crea¢ four groups of participantsyfo groups ofID, two groups ofD) to match the four

interfacesconditions described in table 27



Sinceall 26 participants had graduatetf grade, itwas assumed that all participants had
beenintroduced to area, perimet@nd volume during grade five of their academic career and have
a basic understanding of these concepts. This basic understandireglaidoticipantdo navigate

through the four interfaceonditionsand answer questions throughout the experiment.
5.8.2 Rese&ch Setting

The study was conducted at Franklin Middle Schodtranklin Virginia during thefall
semester of the 2012018 academic school ye#mside the classroom Btanklin Middle Schoql
participants sain the appropriate cognitive style grotiyat was assignegased on results of the
GEFT) Each participant received their own Android tablet and maReaaticipants in thd=ID
groups worked independently while participants in Bi2 groups worked collaboratively to

complete the BuildA-World mission.
5.8.3 Instrumentation

5.8.3.1 Group Embedded Figures Test

To evaluatecognitive style, participants were given the Group Embedded Figures Test
(GEFT), developed by Oltman, Raskin and Witki®71) GEFT is a perceptual exercise that
requires subjectito locde a simple figure embedded within a more complex geometric figure
and thertrace aroundhe locatedsimple figure. The test is an easy instrument to administer and
widely accepted as a measure of determining cognitive stifesch et al., 1994)GEFT is
comprised of three sections in which there are seven practice questsawion onenine test
items in section two and niiest itemsn section thre¢ghathaved i me | i mi t . A subj ¢
based on the combined number of simple figures ctyreated within twenty minutes. The score

of the test ranges from 0 to eighteen where one point is given for each correctly outlined simple
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figure. If a subject score between 2 and 10 they are identifi€dDasd scores from 11 to 18

indicateFID subjecs.

Results from research conducted by Witkin et al. (1977) found that GEFT is a valid and
reliable method of assessing if a subjsdtID or FD.Keyser and Sweetland found that "GEFT
can yield data that provide insights for those engaged in cognitieassgarch” (p. 193further,
Thompson and Melancon (1987) note that the GEFT "... produces expected and desired variations
when subjects are adults rather than children" (p. 770). However, Flexer and Roberge (1983)

reported a reliability coefficient @.79 for performance of sixth and seventh grpaeicipants

5.8.3.2 Pre/Post Assessments

I n order to assess participantsdé prior K r
participants were given a prassessment that included questions derived from pre@Quls
assessments. To evaluate conteaged learning gains after interacting with BuAldVorld, a
post assessment was also administered. Both theaprepostassessment had tgoestions that
required participants to demonstrate their ability to calcukatd differentiate amongstarea,
perimeterand volume. Althouglkachassessmentasdifferent,both usednultiple choiceanswer
formatto mimic the style of actual SOduestons The SOL questions used were state approved
and in accordance with Virginia Department of Education guidelines, meeting state educational

standards.

5.8.3.3 NASA Task Load Index (TLX)

NASA TLX, a commonly used instrument in many fields of human factorsraated

research, was used to measure cognitive load. For a detailed descrggmtion 3.5.5.2



5.8.3.4 UserSatisfaction Survey

Similar to study two, aiser satisfactionusvey was used to evaluate satistactof Build-
A-World. For more details, sesction4.7.32. Additionally, AppendixK, L, M, and Nfor the
complete user satisfaction questionnaires. For this dissertation work, we did not formally assess
the reslilts via statistical analysis; however, Appendix P contains simple descriptive statistics for
the complete user satisfaction questionnaire.

5.8.4 Data Collection Procedures

This study requiredsix separatesessionswith participants at the Boys and Girls Club
During the first sessiorthe primary researcher a&LAR designers administed the GEFT to
participantsper theGEFT administeringguidelines The primary researcher scdrihe GEFT,
recorced the scores anglaceal the participantsin their respective groups. Lastly during session
one, participants completed a pessessment to evaluate their prior knowledge on the learning
content. During the assessment, researchers gave verbal instructions and answeoed gaes
needed. At the beginning ofthe second session, the research team gave a presentation to
participants that outlined game instructions, how to generally us&Rheabletapplication and
led a twominuteinteractivedemonstration on how to playud-A-World. Sessions 2 through 5
were used to expose each of the four participant groups to each of the four interface coAdlitions.
the beginning okachsessionparticipantgroupswererandomly assignedn interfacecondition
they would be interactm with during the sessiorRarticipants were given thirty minutes to
complete the BuiledA-World mission during which timeesearchers assistétD participants if
they had any questions on the learning content or GLAR interfame example, if aFID
paricipant was having trouble seeing the graphics, the reseansbatd haveinstruced the

participanto manipulate, rotate or move the AR marker to increase or decrease their field of view
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or view the structure they were building from a different perspeckD participants were
instructed tocommunicate and work together to help one anothéney experiencg any
problems. At the conclusion of sessions two through #ashparticipant recordetheir game
score completeda NASA TLX survey, and answerediser satisfaction surveyuestions The
rotationof interfaces acrossessions wereandomizedwithout replacementp mitigatepossible
practice and/or learning effects. In the final sesgmamticipants completed a pesssessment to
assst in detemining whether there were any contéatsed learning gaing\s with the pre

assessmenthe researchers gave verbal instructions and answer questions as needed.

5.9 Results

5.9.1 Research Question 1

Is the cognitive load of fielthdependent and fieldependent students impacted when voice and

coherence principles of CTML ar-&Wmahdop®al at ed

5.9.1.1 Descriptive Statistics

For cognitive load the unweightedNASA TLX scores were reported as a measure of

average workloadVe usedltie Levene Test to determiriat was appropriate to utilize ANOVA

to analysisthe average workloadata and calculateithe variability and homogeneity among the
data for FID and FBstudentsA test of homogeneity of variancésund F(3, 48) = 0.482p =
0.093. Homogeneityhas not been violated. Then, we condudt@iimogoro+Smirnov testso
determine if the normality assumption has been violated. Thed@sisnstrated the assumption
of normality was violated for th&nChigh condition (Z = .114p = 0.061, with slight skewness to
the left =-0.426, kurtosis =0.358), theVonCiow condition (Z = .190p < 0.0001, with slight

skewness to the left €©.315, kurtosis =0.787), theVoifCnigh condition (Z = .152p < 0.05, with
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slight skewness to the left-6.202, kurtosis =0.528), and th&/#Ciow condition (Z = .105p =
0.0001, with slight skewness to the leftG:407, kurtosis =0.315)was not violatedBecause the
robust nature of ANOVA, it was utilized to analyze the 4pamametric datdbecausefihe
limitations associated with the violation of normality are redwredthe effect of normality upon
Type | error rates is minimal because the observed skewness was not in the exirentdes
Wiersma, & Jurs, 2003)The descriptive statistics presedtin table 28displays the means,

standard deviation and standard error for average worldbath was used for hypotheses testing.
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Figure 25. ExperimentalConditions Impact on Averge Workload by Cognitive Style
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Table28. Means, Standard Deviations and Standard Errors of Average Workload

FID FD
M SD SE M SD SE
VorChigh 0.238 0.177 0.050 0.229 0.201 0.056
VorCiow 0.289 0.142 0.039 0.471 0.168 0.047
VoftChigh 0.279 0.136 0.037 0.528 0.160 0.044
VottCiow 0.284 0.128 0.036 0.708 0.194 0.053

5.9.1.2 Hypothesis Testing

The analysis of cognitive load utilized a 2 x 2 x 2 mixed method y&igabf Variance
(ANOVA) to addressesearch question 1 atebst specific hypotheseslating to research question
1. This ANOVA model contained two withigubject factors: Voice (on, off), and Coherence (high,
low). Levels of the withirsubjects factors are crossed with one another as shown irRfable
There was one betweenibjects factor: Cognitive Style (FD andl The results of the ANOVA
for the average worklabare displayed in table 2®e foundmain effecs of cognitive style
(1,1) = 42.514p = < 0.0001), voice principleK (1,1) = 19.487p = < 0.0001) and coherence
principle ¢ (1,1) = 13.636p = 0.0004) on average workload'here was awo-way interaction
effectof cognitive style by voiceH(1,1) = 14.753p = 0.0002) and cognitive style by coherence
(F (1,2) = 7.967p = 0.0058)on average workloachowever,we found no interaction effect of

voiceby on average workloagF (1,1) = 0.681p = 0.411).

Table29. ANOVA Results for Fixed Effects of Average Workload
Average Workload

Source F p
Cognitive Style 42.514

Voice 19.487

Coherence 133.6359
Cognitive Style x Voice 14.753

Cognitive Style x Coherence 7.9674

Voice x Coherence 0.6815 0.4111

Cognitive Style x Voice x Coherenc 0.0129 0.9097
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Hypothesis (H): The cognitive load of fieldependent students is significankbwer in the

VorChigh condition relative to the other conditions when voice and coherence principles of CTML

are mani pul-AaWed!| doa. ABuil d

To address hypothesis 1, we conducted alposanalysis to find differences between FD students
across thex@erimental conditions. Theukey HSD posthoc analysis (table 3@howed thaED
students had significant differences across the experimental condiidagerage workload was

significantly lower forFD students in the 3Chigh conditionascompared tall othervoice and

coherenceonditions The effect sizewascalculated using the formula: d=——-. According to

Cohen (1998)the effect size is considered large when it is more than 0.8, median is between 0.5
and 0.8, small is betwedn5 and 0.2 and there is no effect when it is less than 0.2. The effect size
for the posthocanalysis is included in Table 30herefore, we can accept the hypothesis 1 and
assume that the cognitive load of FID students is significant lower Wyt8&gncondition relative

to the other conditions when voice and coherence principles of CTML are manipulated.

Table30. Tukey HSD poshoc analysis of Cognitive Style across experimental conditions

Cognitive Style Comparisons Difference  Std Err p d
VoitCiow | VorChigh | 0.478846  0.064837 2.89678
FD VotChigh | VorChigh | 0.298077  0.064837 1.80322
VorCiow | VorChigh | 0.241667  0.064837 1.46196
VoiiCiow | VorCiow 0.23718  0.064837 1.43482
VofiCiow | VoffChigh | 0.180769  0.064837  0.1102 1.09356
VoftChigh |  VorCiow 0.05641  0.064837 0.988  0.34125
VorlCiow | VonChigh | 0.051282  0.064837  0.9932 0.31023
FID VoftCiow | VorChigh | 0.046795  0.064837  0.9961 0.28309
VoftChigh | VorChigh | 0.041667 0.064837  0.9981 0.25206
VorCiow | VoftChigh | 0.009615  0.064837 1 0.05817
VoitCiow | VoftChigh | 0.005128 0.064837 1 0.03102
VorlCiow | VotCiow | 0.004487  0.064837 1 0.02715
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Hypothesis (H2):Field-i ndependent s t u dvallnnbtsoé sigoifcanndiffereny e | 0 &

across thdour experimental design conditions when the voice and coherence principles of CTML

are manipulated.

To address hypothesis 2, a Tukey HSD was conducted to compare the cognitive load of
FID students across the experimental conditions.Tukey HSD poshoc andysis showed no
significant differencen average workload across experimental condition&forstudents
Therefore, we can accept hypothesis 2 simalild be noted that this finding does netessarily
mean that cognitive load is equivaleatoss altonditions where voice and coherence principles
of CTML weremanipulatedut instead suggest that there are no major differences in cognitive
load.

5.9.2 Research Question 2

Does studentsod cognitive styl e i mparndplesi AR pe

CTML are manipul ated AWoOGL AR ?application ABuUI

5.9.2.1 Descriptive Statistics

Game scores and percentage of correct answers (proportion of correct answers to the total

number of questions asked in the market place) were reported as aanod&HUAR performance.

First, we testedhie assumption of homogeneity of variances using the Levene statistic, F(1, 26)
=1.026,p = 0.039. This assumption has not been violated. Nexd, c@nductedKolmogorov

Smirnov Tests to determine normaldf/game sores and percentage of correct answers @ata
theVoncondition (Z = .065p = 0.200, with slight skewness to the leftG:591, kurtosis =0.223),

the Vot condition (Z = .190p < 0.0001, with slight skewness to the left@513, kurtosis =

0.215), theChighcondition (Z = .152p = 0.093, with slight skewness to the 1e#G=178, kurtosis

=-0.822), and th€ow condition (Z = .105p = 0.002, with slight skewness to the left&421,
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kurtosis =-0.926). Although Von conditionviolated normality ANOVA was utilized to analyze

the nonparametric datdbecausdihe limitations associated with the violation of normality are
reduceddue to the robust nature of ANOVakdthe effect of normality upon Type | error rates is
minimal because the observed skewness was not in the extr@riekle, Wiersma, & Jurs,
2003).Table 31displays the means, standard deviation and standard@ game score and table
32displays theneans, standard deviation and standard error for unweighted percentage of correct

answerswhich were used for hypotheses testing
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Figure 26. Game Score for Coherence Principle by Cognitive Styles
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Figure 27. Game Score for Voice Principle by Cognitive Styles

Table31. Means, Standard Deviations and Standard Errors of Game Score

FID FD
M SD SE M SD SE
Von 3234.62 2012.35 394.65 4242 .31 2007.52 393.71
Vot 2598.08 1609.56 315.66 2257.69 836.38 164.02
Chigh 2782.69 1619.379 317.59 3111.54 1769.71 347.07
Ciow 3050 2047.29 401.51 3388.46 1898.96 372.42
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Figure 28. Percentage of Correct Answers for Coherence Principle by Cognitive Styles
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Figure 29. Percentage of Correct Answers for Voice Principle by Cognitive Styles

Table32 Means, Standard Deviations and Standard Errors of Percentage of Correct Answers

FID FD
M SD SE M SD SE
Von 0.794 0.238 0.047 0.647 0.242 0.047
Vot 0.749 0.259 0.050 0.552 0.263 0.052
Chigh 0.801 0.224 0.044 0.687 0.259 0.051
Ciow 0.742 0.270 0.052 0.511 0.222 0.043

5.9.2.2 Hypothesis Testing

Two 2 x 2 x 2 mixed method ANOV&wereconducted to compare meavfgercentage
of correct answers and game ssdrem FID and FD students across voice and coherence

conditions.These ANOVAs addresses research question 2 and sgstelfic hypotheses relating



to research question Zhe results of the ANOVA for thgame soreare displayed in tabl&3.
We found nceffects of cognitive style E (1,1) = 1.0138p = 0.3165) and coherence principke (
(1,1) = 0.6743p = 0.4136)on game scoreThere was anain effect for voice principleH((1,1) =
15.6415;p = 0.0001)on gamescore. We found interaction effectscognitive style by voiceR
(1,1) = 4.1374p = 0.0447)on game scorehoweverthere were no effects abgnitive style by
coherenceK (1,1) = 0.0002p = 0.4136), owoice by coherencd-((1,1) = 2.7259p = 0.1020

on game scoreTlhe effect size for the voice pripbe d= 0.6423 and the twway interacton of
cognitive style by voice d 0.1699.

The results of the ANOVA for the percentage of correct answeralso displayed in
table 33 We found anain effectof cognitive style f (1,1) = 12.7979p = 0.0009 and
coherence principld=((1,1) = 5.8765p = 0.0172)on percentage of correct answeFhae was
no effect for voice principleR (1,1) = 2.1050p = 0.1501)on percentage of correct answers. We
found noeffectsof cognitive style by voiceH (1,1) = 0.2693p = 0.6050), cognitive style by
coherenceK (1,1) = 1.4844p = 0.2261), and voice by coherenée({,1) = 0.3248p = 0.5701)
on percentage of correct answerke effect size for the coherence pijabe d = 0.353and

cognitive style d= 0.553.

Table33. ANOVA Results for Fixed Effects of Game Score and Percentage of Correct Answers

Game Score Percentage of

Correct Answers
Source F p F p
Cognitive Style 1.0138 0.3165 12.7979
Voice 15.6415 2.1050 0.1501
Coherence 0.6743 5.8765
Cognitive Style x Voice 4.1374 0.4136 0.2693 0.6050
Cognitive Style x Coherence 0.0002 0.9885 1.4844 0.2261
Voice x Coherence 2.7259 0.1020 0.3248 0.5701
Cognitive Style x Voice x Coherenc| 0.1580 0.6919 0.2903 0.5913
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Hypothesis (B): Field-dependent students perform significantly higher relative to -field

independent students when the experimental condition of the coherence principle is high in the

GLARappl i cat-AWar RBa.i | d

A Tukey HSD poshoc analysisvas conducted ttest hypothesis 3 arfthd differences

between students across the coherence condifio&.analysisshowed that-D students had

statistically higher percentage of correct answers when the experimental condition of coherence

was low; however, there were no statistical differences in game swopescentage of correct

answers when coherence is hig¥e can reject hygbesis 3 and assume thd students did not

perform significant higher relative to FID students when the experimental condition of the

coherence principle was high in the GLAR application.

Table34. Tukey HSD

Measure Comparisons Difference Std Err p-Value d
FD Ciow | FID Chign | 605.769 468.6386 0.5699 0.35851
Game Score 338.462 468.6386 0.8880 0.20031
FD Clow FID Clow ) - ) )
FD Chigh | FID Chigh | 328.846 468.6386 0.8962 0.19462
FD Chigh | FID Ciow 61.538 468.6386 0.9992 0.03642
% of Correct | FID Chigh | FD Ciow | 0-2426385 0.0682424 0.98613
Answers FID Ciow | FD Ciow | 0-1976692 0.0682424 0.80337
FID Chigh | FD Chigh 0.1475846 0.0682424 0.1412 0.59981
FID Ciow | FD Chign | 0-1026154 0.0682424 ~ 0.4393  0.41705
Hypothesis (M): Fieldi ndependent student so GL AR

experi me

nt al

condi ti

on

of t

h e

poshoc analysis of2oherence Principle for Game Score and Percentage of Correct Answers

perfor

v oi cAeWoprrlidnoc.i pl e

To address hypothesis 4, a Tukey HSD was conducted to compare the game scores and

percentage of correct answers of FID students across the voice conditiarkey HSD poshoc
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analysis showed th&iD students had statistically highgercentage of corce answersvhenthe
voice principle was off; howevethere was natatisticallydifference between game scovasen
the voice principle was offWe can reject hypothesis 4 and assume that FID students did not
perform significant higher relative to FD students when the voice principle was off in the GLAR

application.

Table35. Tukey HSD poshoc analysis of Voice Principléor Game Score and Percentage of Correct Answers

Measure Comparisons Difference  Std Err p d
FD Von FID Vot 1644.231 468.6386 0.97309
Game Score |y, | FDV,, | 1007.692 468.6386  0.1449  0.59637
FIDVe, | FDVer | 976.923  468.6386  0.1655 0.57816
FIDVer | FDVes | 340.385  468.6386  0.8863 0.20145
% of Correct | FIDV,, | FDVerr | 0.2426385 0.0682424 0.98613
Answers FID Vs | FD Vot | 0.1976692 0.0682424 0.80337
FID Von FDV,, | 0.1475846 0.0682424 0.1412  0.59981
FID Vost FD Von 0.1026154 0.0682424 0.4393 0.41705

5.9.3 Research Question 3

Are there conterbbased learning gains for fielthdependent and fieldependent students after

engagement with GLAWoralpdobdd cati on #ABuil d

5.9.3.1 Descriptive Statistics

Contentbased learning gaingere assessed using the dependent measures of {1) pre
assessment resyltand (2) postassessment resultSince we were interested in the relative
difference between prand postassessmen{gs opposed to a raw single scoveg,did not take
into accaint chance performance. Any effects of chance performance would be the same for both

pre- and postassessment resultSescriptive statistics for FID and FD students across qmd
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Assessment Scores

10

post assessments are summarized in tablargl &. That data shows FIBiudents had a median
preassessment score of 7, with minimum and maximurrapsessment scores of 3 and 10
respectively; and median pesssessment score of 9, with minimum and maximum- post
assessment scores of 7 and 10 respectiV¥hjile FDstudents had median pressessment score

of 4, with minimum and maximum pigssessment scores of 1 and 9 respectively; and median

postassessment score of With minimum and maximum posissessment scores of 3 and 9

Pre Post Pre Post
FD FID

respectively.

Figure 30. Comparing Pre and PostAssessment by Cognitive Style
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Table 36. Descriptive Data for PréAssessment by Cognitive Style

Percentile
Cognitive Style M SD n Min Max 25 50 75
Field Dependent 4384 2103 13 1 9 3 4 5
Field Independent 6.846 1.951 13 3 10 5 7 8
Note.The maximum possible score was 10.
Table 37. Descriptive Data for PosAssessment by Cognitive Style
Percentile
Cognitive Style M SD n Min Max 25 50 75
Field Dependent 6.923 1.498 13 3 9 6 7 8
Field Independent 8.692 1.031 13 7 10 8 9 9.5

Note.The maximum possible score was 10.

5.9.3.2 Hypothesis Testing

Hypothesis (H5)There are conterbased learning gains for both fieiddependent and field

dependent students afAWerl dogagement with ABuUi

Two Wilcoxon Signeeranked tests were conducted to evallggsothesis 5 and determiiie
there were significant diffences between prand postassessments fé1iD and FD students.
For FID students, the Wilcoxon Sigreghk test indicated significant difference between the pre

(Mdn = 7) and postassessmeriMdn = 9) scores, Z = 3.4p,= 0.0054 With the Z score arfiect
sizewascalculated using the formula: FE, where n is the total number of samplEse Wilcoxon

effect size is considered large when it is more than 0.5, median when it is between 0.3 and 0.5, and
small when it is less than 0.3 (Grissom & KigQ)12). Therefore, the effect size of the pend
post assessment was r = .946. For FD students, the Wilcoxon Signkdest indicated

significant difference between the p(Mdn = 4) and posassessmeliMdn = 7) scores, Z = 3.76,
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p = 0.0034 with areffect size of r = D42 We can accept hypothesis 5 and assume that there are
contentbased | earning gains for both FD aAd FID

Wor |l do.

Table38 Field-l ndependent St Sighedrankdést Rdsulisc o x o n
FID PostAssessmerit
FID PreAssessment
3.411

IS IN

Table39.FieldDependent St udentranldTesiMRebutso x on Si gned
FD PostAssessmerit FD PreAssessmen
3.756

S IN

Hypothesis(H6): The contenbased learning gainare significantly higher for fieledependent

students relativetofield ndependent students -AWoelrd@nhgageme

Contentbasedearning gains were quantified using thikerence scoréhatwas catulated
as the difference between thejassessment and pastsessment scoré3escriptive statistics for
difference score between FID and FD students are summarized in @ablead data showsID
students had a median difference score of 2, with mimirand maximum difference scores bf
and 6 respectively and FD students had a median difference score of 3, with minimum and

maximum differencecres of-2 and 5 respectively.
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Assessment Score Difference

FD Fl
Cognitive Style

Figure 31. Assessmentf Learning Gainsby Cognitive Style

Table40. Descriptive Data for Assessmenit Learning Gainsby Cognitive Style

Percentile
Cognitive Style M SD n Min Max 25 50 75
Field Dependent 2.528 2.436 13 -2 5 1 3 4.5
Field Independent 1.846 1.951 13 -1 6 0.5 2 3
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A KruskalWallis test was conducted to evaluate differences betwH2mand FDstudents
to median change in contelpdsed learning gaindifferences The test was not siditant;
therefore we reject the hypotheses and assumettietontenbased learning gains for FD and

FID students are relatively the saniée testevealedan effect sizef r =0.239.

Table4l Learning GainsKruskal-Wallis Test Result

n Chi-square  df p-Value Z-Value R
Difference Score 26 1.550 1 0.223 -1.219 0.239

5.10 Discussion

Prior research has found that cognitive style accounts for key differences between students
with regard to social connectedness and visual perceptiveness. However, few investigations to our
knowledge have studidtbws t ude nt s 6 mayigpfluentecognéive soadypereormance
and contenbased learning gains when using GLAR applicatidiherefore, the purpose of this
study was to establish i f there is a relation
outcomes when interacting with GLARpplications. Specifically, this study investigates how
designing GLAR for individual differences in cognitive style may influence cognitive load,
performance and conteAbased learningThe key findings are (1) cognitive load of FD students
is significarily lower in the VorChigh condition relative to the other conditions when voice and
coherencevere manipulated (2) there was no difference D student§ cognitive load when
voice and coherenceenre manipulatedand (3) both FID and FD students had contbased
learning gains after engagement with BuNeéWorld. These findings add to the body of literature
that cognitive style is an individual difference that can be linked to cognitive load and learning

gainsin GLAR.



5.10.1 Cognitive load (Research question 1)

Exposing all students to each of the four experimental conditions allowed us to investigate
which conditiorgs) help students develop their own personal strategies for interacting with Build
A-World. This study reealed that FD students experienced less cognitive load in g@igf
condition as compared to the other three voice x coherence conditie@se findings could be
interpreted as using tablbased GLAR that embrag&oice and coherence may support abci
connectedness and visual perceptiveness. Recall that social connectedness refers to the relationship
students have with other students and voiceovers that provide positive feedbackcahd
encouragement. Research conducted by Shaver and Goldenb@f) (@0nd that social
connectedness could have important cognitive benefits and inflhemcstudents interact with
information. Visual p e r cideptity significare isfamatios fromt ud e nt
visual or textuatontentto associate wita more difficult learning task_yons-Lawrence, 1994;

Liu & Reed, 1994)Further, tudies show thafED students argenerallynot visually perceptive

without assistance from the learning content or delivery mechdKialin 2002). $nhce voice and
coherence are known to support social connectedness and visual perceptiveness respectively, the
results may suggest th&LAR interfaces that support voiceovers and visual cueing RBIp
students develop effectidearningstrategies which, in turcanreduce their cognitive loadt is

important to note that for this study social connectedness was not directly manipulated. Therefore,
the findings can differentiate what aspect of the voice principle is supported by social
connectednes3hesefindings couldalso be due to the fact that voice guidance coupled with high
coherence resulted in a structured and undifferentiated GLAR user interface. This interface in turn
may have enabled FD students to more easily organize spsésented information, and

ultimately lower the cognitive demand required to use the intettfastly, the sample could have
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been biaseBlased on previous classroom experiences with applications provaoepver cues

such adeedback os t u d auditbrgpteference

On the other had, FID students exhibited no significant differences in cognitive load
across the four experimentadice and coheren@®nditions. These results support the notion that
the manner of information presentation (i.e., via voice and coherence) does nottagitsct
FI'D studentsod visual p e r anaypleable s snany differérm a t [
GLAR interfaces to isolate important information without experiencing differing levels of
cognitive load. Lastly it is known that, when faced withaegé amount of information, FID
students do not rely on social connectedness to develop strategies on how to select, organize and

integrate important information into their mental models.

5.10.2 GLAR performance (Research question 2)

In terms of performancehit study revealed that FD students had higher game sasres
compared to FID students when using GLAR designed to provide social connectedness (i.e. when
voice is omrandcoherencés high) This was a notable finding since it contradretsearch findings
that suggest FD students do not perform as well and score lower than FID s{Giaws &

Davis, 1996)( Davi s, 1991) . One explanation for FD s
they worked harder than the FID students; a supposition suppotee tagt FD students reported
increased levels of cognitive load as compared to FID studentstrytiarder effectmay be
effective for now; however, in a longitudinal study we may see FD students experience fatigue

and disengagement, which would potalt§i mitigate the relative performance gains.

Although FIDstudentshad lower game scores as compared to FD students, FID students

solved more problems with fewer mistakes than FD students which is aligned with other research



findings. According tdshmail and King (1985), FID students tend to achieve higher scores in
mathematics on standardized tests because they are analytical and able to think abstractly to
acquire algorithmic knowledge. Taken in sum, this study provides empirical evidence that
designing GLAR applications that account for cognitive style offers promise to improve GLAR
performance for FD students as measured by game, snrenay not assist FD students in

accurately answering questions related to learning content

5.10.3 Contentbased éarning gains (Research question 3)

Delivering learning content in a manner that is sensitive to individual differences and aligns
with studentsodéo different cognitive st ywees can
found that both FID and FBtudents had statistically significant conteased learning gains after
engagement with the GLAR application. The positive increase in cemasetl learning gains for
FD students may be attributed to the instructional design of GLAR using cohereneeicnd
That is, by leveraging voice coupled coherence may have reduced ambiguity and helped FID

students relate to the learning content.

Additionally, we found no meaningful diffe
gains. A possible explanatidor no significant findings could be contributed to the ceiling effect
Specifically,because FID students scomatiaveragel (of 10)on the preassessmenthere was
little to no roomfor improvementin postassessmergcore According to Uttl (2005), ailing
effects occurs whefiassessments are relatively easy so that a large proportion of participants
obtain either maximum or neamaximum scores and the true extent of their abilities cannot be
determined Because we used standardizssessments, oability to account forthe ceiling
effect in measuringlifferences between FID and FD students was limited. FID students have

potentially stronger mathematical abilitieath=D studentgLin, Hwang, & Kuo, 2009)thusto
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mitigate ceiling effect in futurestudies, the characteristics of participants should be carefully

consideedwith regards to selecting or designing assessments

5.10.4 Voice Principle

In this study, the voice principle was manipulated to specifically help FD students by
fosteringsocial connectednessa positive feedback and encouragement, which in turn aimed to
support deeper processing of instructional messages sicifdse Al i ens have | us
journey to Maré ,  ¥oudhaveéill minutes to finish the landing strip. Keewo r ki RID har d.
students were expected to have comparable GLAR game scores for botbrvaice voiceoff
conditions. Although we observed improved FID student game scores when voice (@as on
compare to voice off)we expeadvoice to be anunnecs sary principle to re
cognitive resources since the finding was not significant and FID dtymioally rely on social

connectedness to accomplisisks ogoals(e.g.,answer questions in the marketplace

The body of literature othe voice principle is mixed, yet most studies report an increase
in the degree of social connectedness perceived by the student (Moreno 2009; Mayer et al., 2003).
Moreover, according to Durbridge, voiceovers such as those included in-Beiltbrld can
improve cognition by adding clarity, meaning and motivation and by directly conveying a personal
narrative that is more engaging than written text (Durbridge, 1984). We believeABWadrld in
turn, offers promisesince our results sugge&LAR applicatons ma r educe FD stu

cognitive load and increase their performance

5.10.5 Coherence Principle

Since FD students amgenerallynot visually perceptive and take a global approach to

problem solving (Allinson & Hayes, 1996je believehigh coherence provided Ffudents with
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a minimalist interface where the visual information \W@organized in a logical mannemd (2)
includedonly thenecessary information needed to play the game. We did not observe that the
coherence principle assisted FD students wisliadi gerceptiveness and this could be due to the
degree in which we manipulated conditions of coheré@reedifferences in coherence conditions

werenot sufficient enough to determine differences I/AR performancg

However, we did observe that FDudents had higher game scores than FID students in
both low and high coherence interfaces; which was unexpected. When coherence was low, we
expected FID students to have higher game scores than FD students because FID students are able
to leverage more canrrent(and potentially distractinghformationwhendevelopingtheir own
cognitive strategies. Accarty to Witkin et al. (1977)ield independent studentsve the ability
to create structure using their owognitive schemes atrategies. Therefore, when there is no
structure present in the material, FID studestisuld have greater performance and reduced
cognitive load(as compared to FD studersisice FID studentsan in theory, employ their own
strategies talistinguish retvant and irrelevant information. More research is eééanl observe

the inconsistencies we found in our study

5.10.6 Implications

To maximize learning outcom@sGLAR, it is usefulto apply principles of CTML as well
as employ techniques that account fogrutive differences among students. This stpdyvides
an example of how tdesignatabletbased GLAR application that accounts $trdentcognitive
style when deliverin§ifth gradearea, perimeter and volurtearning contenflhe findings suggest
thataccounting for cognitive stylen GLAR interface desigeouldhelp lower the cognitive load
of both FD and FID studentsvhich in turn, could improve their learning experiences. This

research also offers evidence that utilizing the voice and coherencpi@s of CTML can lower
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cognitive load and increase contduatsed learning gains specifically for FD studehiswever

from the results of this studiy is difficult to determinewhether or notarying combinations of
voice and coherence candreativelyleveragd to improve learning experiences for FID students.

It is also difficult to differentiate the voice principle from social connectedness such social

connectedness was not directly manipulated.

Most research examining cognitive style &d@ML is conducted in laboratories under
controlled conditions.Thus, a contribution of this work lies in the fact that we conducted this
study inactual fifth grade classroomandthus the workprovides insights into whether GLAR
applications coul@ctudly be used in realvorld environments. Literature on controlled laboratory
research provides evidence supporting the use of CTML to meet the needs of both FD and FID
students, while in a reaborld environment using tabkstased GLARonly FD students shweed a
reduction in cognitive load. The results of this study reiterate the importance of accounting for
cognitive style differences amongst students when using daddeid GLAR applications.
However, more research is needed to validate the use of FM2e(laas FD) traits to guide the

design of future GLAR applications for use in classroom settings.

5.10.7 Assumptions and Limitations

In this study, we assumed that all students had the same mathematical knowledge of area,
perimeter and volume, which may not be accurate. In all likelihood, within and between groups,
all students had varying levels of content knowledge because they ffexéndi mathematics

teachers and came from different schools.

When creatingsLAR game metricsgame score and percentage of correct answers, we

assumed that both metrics were senstive reliable to investigaket udent sd GLAR per |
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The results reealed that game score was not a sensitive métecefore, future studies should

develop a more detailed, rich, complicated game score that caneggedamental effects.

Another assumption made was that fifffade participants have the ability tfsreport
their cognitive load experienced during the gamified AR activity. To support this assumption, it
should be noted that researchers Gopher and Braune (1984) claim that elementary students were
more than capable at providing a numerical value $essstheir perceived stress, frustration and

cognitive load.

Lastly, we assumed that tl@LAR interfae differencesin voice and coherence were
sufficient enough telicit differences in GLAR performance and cognitive load amongst students.
There was lintied pilot testing because of tingenstraints and limitedvailability to the target
populations Therefore, more research should inclu@eperpilot testing of GLAR applications
to ensure that differencesn st udent s0 r epor t e dforncaocg aré dueto e | 0 a

differences in interface design.

A limitation of this study is the small sample size of twesity participants, which has
clear ramifications for the generalizability of the study to other content areas, grade levels and
regionsof the Country. Also, the sample of participants was not fully random due to recruitment
of the specialized populatioiTherefore the level of generalization is lower and we recommend

increasing the sample sigefuture studies.

The duration of exposuritme to the GLAR application was another limitation of this
study. Research states that FD studamtguire more time thaRID students to complete tasks in

computerized settingqLiu & Reed, 1994) andmore time in general to process informaéion
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(Burton et al., 1995; Davis, 1991). Therefore, allowing FD students longer exposusetiuieé

possiblyresult indifferentcognitive load and student performamesults

Lastly, since this research was not conducted in a controlled environmentyéssire
noise present in data collection methodologies such as environmental distractions, student stress,

disengagement or ethsk students, and interruptions.
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6 Conclusion

The increased development of educational technology has made it possible to puoladess
with handson, rich experiences aimed to ignite their passion for STEM and increase learning
achievements. However, many students in¥ underserved communities do not have access to
these technologies arttius are not equipped to achiewimilar STEM educationalevels of
learning This dissertation work aimed to examine the potentiebofmoditytabletbased GLAR
applications as a supplemahiearningtool in fifth grade classrooms at Title | schools, in hopes
of identifying ways in which tominimize the achievement gap. There were three objectives
working towards this aimmeachgrounded in the CTML theoretical framework: (1) understanding
the role of prior knowledge on cognitive performance, (2) examining if adherence to CTML
principles(deweloped for 2D multimedia learningpplies tagamified learning augmented reality
and, (3) investigating the impact sft u d eognitive &tyle on cognitive performanedth
GLAR. Objectiveon@a i med t o give direct i ngegadidpessiblent o st
benefits and challenges of using GLAR, their perceived cognitive load and how prior knowledge
may affect cognitive | oad and knowledge creat.
degree of adherence to CTML principles effeceel udent sd cognitive | oaf
Objective three aimed to bolster the claim that utilizing cognitive style to inform the design of

GLAR applications is an effective approach fo

The results of thisvork suggest that GLAR applications grounded in CTMuedjaotentialas
an effective supplemental tool that can be levetagéfth grade classroonet Title 1 schoolso
enhance studentsd | ear this wagk fuetheppeorvides eleneesthat S p e c |
CTML may be an appropriate framework to ground and guide the development of GLAR

applications that ai m t Thiswakdlsocseowstheuntgertaricesod ¢ o g
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considering individual differences such prior knowledge and cegndtyles when designing
GLAR applications. For example, we foutitht the same GLAR application used for students
without prior knowledge students may not necessarily support the cognitive processes of students
with prior knowledge. Additionally, oufindings suggest that accounting for cognitive style in
GLAR interface design could help lower the cognitive load of ligtld-dependent and field

independenstudents, which in turn, could improve their learning experieacdutcomes

6.1 Research Contributions

To the best of our knowledge, this work is the firsb appl y CTMLOGsS prin
design of tablebased GLAR applications. Therefordyjst work contributed to literature by
providinga set oempiricalevidence on the unique benefits and challenges of utilizing augmented
reality (AR) as a supplemental learning technique to reinforce mathematical concepts while

responding to studentsd cognitive resources.

1 Novel tabletbased GLAR applications for reinforcing mathematical conceptes@al
Blast and BuildA-World
1 A newnovel base of knowledge for researchers, designers and practitioners to consider
by providing a starting point for other researchers interested in degitabletbased
GLAR applicationdor mathematical content for underrepresented students in southwest
Virginia.
1 Empirical evidence on theffectsof adherence to CTML principles wheesigning
GLAR applicationssimilar to Celestial Blast and Bu#&-Worldt o maxi mi ze st ud

cognitive outcomes



T Empirical data on the relationship between
GLAR applications, Celestial Blast and BuddWorldon st udent sb6 cogni ti

1 An understanding of the pedagogiwalue of tablebased GLAR applicatiorfer
underrepresented students in southwest Virginia

1 A mixed-methods study that utilized quantitative and qualitative research to gather
student s 6 Tpeguaktgtive éndings ia this study were able to add layers
of supportrationale aneéxplanatiorto quantitative results.

T Studentsd perspectives as fdure@bAR afplecationsmpr ov e
for underrepresented students

1 Evidencethat suggestdesigning GLAR to consider individual differences such as prior
knowledge and cognitive styleanimproves t u d leamning and cognitive outcomes.

1 A usability evaluation for understanding the impact and consequences of combining
multiple design princiles of CTMLto inform GLAR applications.

6.2 Recommendations for design considerations

This research offeneecommendations as well designconsideationsto assist with the
developmentof future GLAR applicationsaimed to reinforce mathematical concepts of
underrepresented students in fifth gradileese recommendations wederived from lessons

learned througleonductinghis dissertation work.

1. Design applications to highlight the features and affordances of GlU&R as engaging
students in multmodal sensorgnd spatiatasks.
2. AR excels at augmented the r@ab r | d , so | ewoerrlage ctlhaes sfrroeoar

the GLAR application design.
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3. Create interactive experiences that encourage students to geduposge, and to view
virtual content from many perspectives (another advantage AR affords).
4. Develop personalized versions of GLAR applications to support individual differences
and studentsd preferences
a. Provide corrective feedback so students can athjastperformance to adopt
more productive learning strategies
b. Provide scaffolding to enhance individualized learning outcpmes
c. Customize the pace and delivery of learning content so Gaggicationaneet
the needs of all students
d. Provide level selectivso studemstcan determine where they want to start
interacting with GLAR(thus supporting varyinglexel of st udentsd pri
knowledge)and;
e. Provide a hint or help button so students can receive assistance if they are having
difficulty .
f. Provide differeniaited instruction that the student is receptive to.
5. Incorporate built in assessments to allow students and potentially teachers to see what
students are learning frorand during the engagement with GLAR.
6. Conduct usabilityevaluations withstudentand teicherdo gather specific feedback on
GLAR application throughout the development process. Incorporate feedback into future
iterations of the GLAR application to improve the experiences of your users.
7. Be cautions when selecting themes or storiesgihiae the design of GLAR applications.
Unrealistic themgmay cause students to become disengaged in the learning attivity

they cannot relate to the learning content.



8. Design multiplayer GLAR applications to foster collaborative learning.

6.3 Future Research

PayneTsoupros (2010) cautiedthe educational community in that attempting to close the
achievement gap may actuallgsult infihigh-achieving students regressing toward the mean
instead of the lovachieving students improvir@gAdditional researtis needed to investigate how
both high and low achieving student learning is effected from engaging with GLAR. This can be
observed by collecting longitudinal data which provides researchers with a richer and more
compl ete under st antdn aclgevement, &d Whatdnsprovemgnta could be

made to GLAR ensurall studentsare improving.

Another opportunity for future research isinoestigatevhat othedearningcontent areas
can be effectively reinforced using GLAR and wleatrningcontent areas are difficulty to deliver.
For example, our study provides evidence that GLAR can reinforce matherspéiiallearning
content on anglesrea and perimetdoutfor example GLAR may not be a fit for understanding
18" century English ligrature It is important for future research to acknowledge the limitations of
GLAR to increasestudentlearning outcomes wist alsosupportingstudentcognitive resources

and to study the types of learning activiti&sAR applicatiors are weltsuitable for.

Finally, learning applications are being desigmethout considering the perspectives of
educational stakeholderm how technology can be effective leveraged in the class{Gaiyan,
2003) . l nvestigati ng t eantffhwhat difficuliee they tagetinitten s wo
classroom and how GLAR could be potentially integrated into the classroom to address those
difficulties. Further, future research can examimevhat extenteachers require training when

integrating GLAR in the e@lssroom.
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Appendix C. NASA TLX

Gamifying Math Education using Augmented Reality

NASA Task Load Index
Student 1D: Date:
Mental Demand
How mentally demanding was the task?

Temporal Demand
How hurried or rushed was the pace of the task?

Effort
How hard did you have to work to accomplish your level of performance?

IIIIIIlIIIIIIIIIIIIII
Very Low Very High

How insecure, discouraged, irritated, stressed and annoyed were you?




Appendix D. Pre- Assessment for Chapter 3

The map shows Frank's flight path from Charlottesville to Roanoke, and then from
Roanoke to Richmond.

A Map of Virginia

Which best describes the angle formed by the two flight paths?

C A Acute
C B. Obtuse
© ¢ Right

C . Straight

On the grid below, connect point K to point M, then connect point M to point S. What
kind of angle has been formed?

K
.

C B. Right

C D. straight

22C




Which is closet to the measure of the angle?

c

o

>

N

D.

90 degrees

80 degrees

45 degrees

25 degrees

Which of these is an obtuse triangle?

—
AN
A\
AN

The picture shows five points on a grid.

|'N

Which three points can be connected to form a right triangle?

C A. PointsU,W, and Z

C B. PointsW,Y,andZ

C €. PointsX,W, andZ

C D. PointsX, W, and U

Which angle is closest to 110 degrees?

FA.L—
I N
C b
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Which angle measures closest to 41 degrees? Which is closet to the measure of angle T?

C A 27degrees
: © B. 33degrees
C €. 153 degrees

€ D. 167 degrees

On the grid below, connect point K to point M, then connect point M to point S. What
kind of angle has been formed?

C A Acute
C B. Right
C (. Obtuse

C p. Straight

Which of the following describes the angle shown above?

C A Obtuse
C B. Right
C ¢ Awte

€ D. Straight

22z




Appendix E. Post Assessment for Chapter 3

Which is closet to the measure of the angle the board makes with the level ground as it
rests against the side of the building?

-~

c

c

D.

30 degrees

45 degrees

90 degrees

150 degrees

Which two types of angles are used to form this triangle?

Acute, Obtuse

Obtuse, Acute

Obtuse, Right

Acute, Right

22

(@8]




Identify each angle that appears to be an acute angle.

rC A '_‘T
A
L

-y
N
oy

Which angle is closest to 110 degrees?

(O T

The picture shows six points on a grid.

7]

)i

saeasssl

2 4567

-

ECEERENY

o_= N

-

Which three points can be connected to form a right angle?

C A. PointsT,L,andN
C B. PointsL,P,andT
C . PointsN, O, and P

C D. PointsM, 0, and P

Which has exactly two right angles?

DQ:VQ
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What type of angle is formed between the hands of the clock shown below?

C A Acute

C B. Obtuse
€ C. Right

€ D. Straight

On the grid below, connect point P to point Y, then connect point Y to point W. What kind
of angle has been formed?

R
s
| 4
-
- -
L4 w
C A Acute
C B. Right
C C. Obtuse
C D. Straight

22¢




Which is closest to the measure of the angle shown?

C ¢ 105

C p. 110

Eddie connected points M and N to make one side of an angle. Which other point should
he connect to point M in order to make a 135 degree angle?

22¢




Appendix F. Pre- Assessment for Chapter 5

What is the perimeter of the shaded figure on the grid below?

A 42 units
B 38 units
C 40 units
D 43 units




What is the area of the shaded figure on the grid below?

60 square units
56 square units
64 square units
68 square units

I

22¢




Jason drew this diagram. He needs to buy enough fencing to put around the
dog’s play pen.

Dog’s Play Pen

Which measure can Jason calculate to determine the amount of fencing he
needs to buy?

F Area

G Mass

H Perimeter

J Volume

To determine the amount of peanuts a bag will hold, Toby needs to find the —

A area
B length
C volume

D perimeter

The picture shows a rectangular garden Jerri and Samantha are planning for
their science project. What is the perimeter of the garden?

108 ft
48 ft
24t
12 ft

“xToOom

What is the perimeter of a square with a side 12 centimeters long?

F 24cm
G 48cm
H 72cm
J 144 cm




Which of the following describes a
figure that has an area of 28 square
centimeters?

A A rectangle with length of
9 centimeters and width of
5 centimeters

B A rectangle with length of
7 centimeters and width of
4 centimeters

C A square with length of
7 centimeters and width of
7 centimeters

D A triangle that has 2 sides
10 centimeters long and 1 side
8 centimeters long.

Which of these would require finding

the perimeter of something?

A Buying enough fencing to go around
your front yard

B Buying enough carpet for the floor of
your classroom

C Buying enough paint to cover the door
of your classroom

D Buying a tablecloth big enough to cover
a table

Which figure has an area of 8 and a perimeter of 12?

What is the area of a rectangle that
measures 9 centimeters long and
6 centimeters wide?

F 15 cem’
G 27 em’
H 30 em’
J 54 cm’

23C




Appendix G. Post Assessmenfor Chapter 5

ca® >

What is the area of the rectangular
poster shown below?

a0

20 inches

50 sq in.
80 sq in.
100 sq in.
600 sq in.

Elsa wants to start a garden in her
backyard. For which of the following
would she need to know the perimeter
of the garden?

F Determining how much fertilizer is
needed to cover the garden

G Determining how much water is needed
for the garden

H Determining how many seeds are
needed to fill the garden with plants

J Determining how many feet of fencing
are needed to go around the garden

A

B
C
D

What is the area of a rectangle that
measures 4 meters wide and 6 meters
long?

10 m*
20 m*
24 m*
100 m*

Which figure has an area of 20 square
units and a perimeter of 18 units?
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Which of the following are the dimensions of a rectangle with a perimeter of
26 inches and an area of 42 square inches?

Length — 1 inch; width — 26 inches
Length — 2 inches; width — 13 inches
Length — 2 inches; width — 21 inches
Length — 6 inches; width — 7 inches

oOnNw>»

Ms. Perry placed a border around the bulletin board.

% ]
7 %
The length of the border is an example of —
F area
G volume
H perimeter
J circumference

Perimeter is used to find the —

A distance from a ceiling to the floor
B amount of blacktop on a playground
C amount of floor space covered by a carpet

D distance around the edge of a swimming pool

What is the perimeter of a rectangle that is 6 inches long and 4 inches wide?

F 10 inches
20 inches
24 inches
48 inches

-“-xoe
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What is the area of the shaded figure on the grid below?

46 square units
49 square units
52 square units
48 square units

“IXo

23¢




What is the perimeter of the shaded figure on the grid below?

A 36 units
B 30 units
C 28 units
D 32 units
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Appendix H. User Satisfaction Survey for High Adherence Interface

Questions Answers
1. Was it too much information presented? C) i A o i e
MAYBE YES
2. Was the graphics distracting or annoying? (::) o, o Yo o Mo
MAYBE YES
3. Did the graphics help you understand the
angles? NO MAYBE YES
4. Was the sound distracting or annoying? G S 13 i 1 G 1 G
NO MAYBE YES
5. Dud the sound help you protect the town? o i G 1 0 I ol
NO MAYBE YES
6. Was it too much sound and graphics? Sl o G i) i i
NO MAYBE YES
7. Dnd the colors (red, yellow and blue) on the
asteroid help you protect the town? %) - EﬂﬁE O %:J
8. Did the voice help you to know where the
asteroid was coming from? %} - (l*;%(:;E - %
9. Did the town changing colors help you protect
the town? OO O OO
NO MAYBE YES
10. Did the health bar help you protect the town? OO OO
NO MAYBE YES
1. Was the meaning of the graphics easy to
understand? OO OOO
NO MAYBE YES
12. Did hearing the sound and seeing the graphics
at the same time help vou play the game? C:;’ - %EIBE - %3
13. Did seeing the angle classification and number @ i Vi i o i, el
at the bottom help you protect the town? MAYBE YES

23¢




Appendix I. User SatisfactionSurvey for Medium Adherence Interface
Questions Answers
1. Was it too much information presented? C:) S 1 A 1, i s
MAYBE YES
2. Was the graphics distracting or annoying? (j:) G D i S,
MAYBE YES
3. Did the graphics help you understand the
angles? i o i L S e i
NO MAYBE YES
4. Was the sound distracting or annoying? G i 1 SR i S e
NO MAYBE YES
5. Did the sound help you protect the town? e i 1 i i
NO MAYBE YES
6. Was it too much sound and graphics? i, S e e i i
NO MAYBE YES
7. Did you play attention to the score while : e G
playing? MAYBE o YES
8. Did the voice help you to know where the
asteroid was coming from? %} - ﬁE - %D
9. Was it distracting or annoying having multiple
towns? OO O OO
NO MAYBE YES
10. Was the meaning of the graphics easy to
understand? C:} O EﬂﬁE - %}
11. Was hearing the sound and seeing the graphics
at different times stressful? C::“ - %{:;E - CE
12. Do you want the angle classification and C:D il i S i i
number to be displayed closer together? MAYBE YES

23¢€




Appendix J. User Satisfaction Survey for Low Adherence Interface

Questions Answers
1. Was it too much information presented? D i S b G0 e
B
NO MAYBE YES
2. Was the graphics distracting or annoying? i, i, e sy O i
NO MAYBE YES
3. Dud the graphics help you understand the
angles? i, i B D o i i
& NO MAYBE YES
4. Was the dancing man a distracting or annoying? D i 5, G 1y 0 e
e
NO MAYBE YES
5. Do you want the game to have sound? G i 55 G 5% G
—
NO MAYBE YES
6. Was it too many graphics? G i i i
MAYBE YES
7. Dnd you play attention to the score while pa e e e
mne? —
playing: NO MAYBE YES
8. Did you play attention to the UFO? OO
NO MAYBE YES
9. Was it distracting or annoying having multiple
ns? ' OO O OO
towns: NO MAYBE YES
10. Was the meaning of the graphics easy to
understand? C:-:) - %:E)E - %j
11. Was it difficult to play the game? e -
NO MAYBE YES
12. Do you want the information to be displayed C:__:) i O e i ol
closer together? MAYBE YES




Appendix K. User Satisfaction Survey forVonCiow Interface

Questions Answers

1. Did you notice the talking voice? 1 3 5
NO Not Sure YES

2. Did the voice help you complete the mission? 1 3 5
NO Not Sure YES

3. Did the talking voice help you get a higher 1 3 5
score? NO Not Sure YES

4. Did hearing “good job” encourage you? 1 3 5
NO Not Sure YES

5. Were the voice alerts distracting? 1 3 5
NO Not Sure YES

6. Did you pay attention to the talking voice? 1 3 5
NO Not Sure YES

7. Was reading the words while playing the game | 1 3 5
distracting? NO Not Sure YES

8. Did the words help you complete the mission? 1 3 5
NO Not Sure YES

9. Did you notice the incoming UFOs? 1 3 5
NO Not Sure YES

10. Was there too much sound and graphics? 1 3 5
NO Not Sure YES

11. Did you pay attention to the score when playing | 1 3 5
the game? NO Not Sure YES

12. Did you pay attention to the number of blocks 1 3 5
placed displayed at bottom of screen? NO Not Sure YES

13. Was seeing words like “Nice” encouraging? 1 3 5
NO Not Sure YES

14. Do you think you can accomplish the mission 1 3 5
without the positive feedback? NO Not Sure YES

15. Was reading the words while playing the game | 1 3 5
distracting? NO Not Sure YES

16. Did you play attention to the dancing man? 1 3 5
NO Not Sure YES

23¢




17. Did seeing the blocks on your desk help you 1 3 5
understand perimeter? NO Not Sure YES
18. Was the game fun? | 3 5
NO Not Sure YES
19. Was playing the game hard? 1 3 5
NO Not Sure YES
20. Was reading the words on the screen easy? 1 3 5
NO Not Sure YES
21. Was it easy to learn to play the game? 1 3 5
NO Not Sure YES
22. Did placing the blocks help you understand 1 3 5
perimeter? NO Not Sure YES
23. Did answering the questions in the market place | | 3 5
help you to learn more about area, perimeter NO Not Sure YES
and volume?
24. Was placing the blocks easy? 1 3 5
NO Not Sure YES
25. Was answering questions in the market place 1 3 5
casy? NO Not Sure YES

23€




Appendix L. User Satisfaction Survey forVe#Ciow Interface

Questions Answers

1. Do you want the game to have sound? 1 3 5
NO Not Sure YES

2. Not having sound allowed me to focus on the 1 3 5
mission. NO Not Sure YES

3. Ifthe app had a talking voice, you could play 1 3 5
the game better. NO Not Sure YES

4. Do you wish the game had a voice encouraging | 1 3 5
you while playing the game? NO Not Sure YES

5. [If'the app had a talking voice, it would have 1 3 5
been distracting? NO Not Sure YES

6. Was reading the words while playing the game | | 3 5
dis[racting? NO Not Sure YES

7. Did the words help you complete the mission? 1 3 5
NO Not Sure YES

8. Did you notice the UFOs? 1 3 5
NO Not Sure YES

9. Was the dancing man distracting? 1 3 5
NO Not Sure YES

10. Was there too much graphics? 1 3 5
NO Not Sure YES

11. Did you pay attention to the score when playing | 1 3 5
the game? NO Not Sure YES

12. Did you pay attention to the number of blocks 1 3 5
displayed at bottom of screen? NO Not Sure YES

13. Was seeing words like “Nice” encouraging? 1 3 5
NO Not Sure YES

14. Do you think you can accomplish the mission 1 3 5
without the positive feedback? NO Not Sure YES

15. Was reading the words while playing the game | 1 3 5
distracting? NO Not Sure YES

16. Did you play attention to the UFOs? 1 3 5
NO Not Sure YES

24C




17. Did seeing the blocks on your desk help you 1 3 5
understand perimeter? NO Not Sure YES

18. Was the game fun? 1 3 5
NO Not Sure YES

19. Was playing the game hard? 1 3 5
NO Not Sure YES

20. Was reading the words on the screen easy? 1 3 5
NO Not Sure YES

21. Was it easy to learn to play the game? 1 3 5
NO Not Sure YES

22. Did placing the blocks help you understand | 3 5
perimeter? NO Not Sure YES

23. Did answering the questions help you to learn 1 3 5
more about area, perimeter and volume? NO Not Sure YES

24. Was placing the blocks easy? 1 3 5
NO Not Sure YES

25. Was answering questions in the market place 1 3 5
easy? NO Not Sure YES
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Appendix M. User Satisfaction Survey forVonChigh Interface

Questions Answers

1. Did you notice the talking voice? 1 3 5
NO Not Sure YES

2. Did the voice help you complete the mission? 1 3 5
NO Not Sure YES

3. Did the talking voice help you get a higher 1 3 5
score? NO Not Sure YES

4. Did hearing “good job™” encourage you? 1 3 5
NO Not Sure YES

5. Were the voice alerts distracting? 1 3 5
NO Not Sure YES

6. Did you pay attention to the talking voice? 1 3 5
NO Not Sure YES

7. If the app had animations, it would have been 1 3 5
distracting. NO Not Sure YES

8. Was there too much sound? 1 3 5
NO Not Sure YES

9. If the app had positive feedback, you could play | 1 3 5
the game better. NO Not Sure YES

10. Do you wish the game showed you the score 1 3 5
while you were playing? NO Not Sure YES

11. If the app had positive feedback, it would have | 1 3 5
been distracting. NO Not Sure YES

12. Did seeing the blocks on your desk help you 1 3 5
understand perimeter? NO Not Sure YES

13. Was the game fun? 1 3 5
NO Not Sure YES

14. Was playing the game hard? 1 3 5
NO Not Sure YES

15. Was reading the words on the screen easy? 1 3 5
NO Not Sure YES

16. Was it easy to learn to play the game? 1 3 5
NO Not Sure YES
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17. Did placing the blocks help you understand 1 3 5
pcrilnc[cr? NO Not Sure YES

18. Did answering the questions help you to learn 1 3 5
more about area, perimeter and volume? NO Not Sure YES

19. Was placing the blocks easy? 1 3 5
NO Not Sure YES

20. Was answering questions in the market place 1 3 5
NO Not Sure YES

easy?
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