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ABSTRACT

A visually immersivedisplay can make an educational game more effective, if concepts are
embodied in an informatierich space and the interaction/perception design exploits the
egocentric viewthat the displayaffords For example, ancient Egyptian temples juxtapos
language and symbol in an architecture meant to be understood from the inside. Students, age
11 through 14, played an educational game based on our (virtual) tém@teunstructured test

in which students produced their own guided tours of the temple, Wiosdad played the game

in a digital dome showed better factual recB®l<0.05) than those who had used a standard
desktop.

Keywords Educational GamesVirtual Reality, Cultural Heritage, Empirical, Immersion,
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INTRODUCTION

We live in a time of rapid advances in the use of communication technologies for education.
(Dede, 2009; Mihalca, 2007This includesvirtual reality (VR), computerbased media which
employ a threa@imensional virtual world. Students can interact with this imaginary space and
things in it, psychologically OinhabitingO that world, as themselves or as some other personas
(Winn, 2003; Slater, 2009). Researchene working to develop curricula and learning
environments that take advantage of the opportunities provided by these new(Taddics,
2008). One key strategy is to cast the learning activity in the forngafme(Dondlinger, 2007;
Squire, 2008; Andeos, 2010; Dede, 2009\evertheless, there is still controversy over whether
the choice of media makes any fundamental difference in learning (Clark, 2010; Russell, 2000).
If not, the educatorOs choice of media should be an economic one. Either way)) iesemded
to determine what works and how to use it.

The purpose of this case study is to contribute data to the debate by showing one way that
a visually immersive displagan support learning in ganflige educational virtual reality.
Visually immersivedisplays provide the user with the ability to look in most directions and see
the virtual environment. The most straightforward example is thdigithl projection dome
which can display a virtual landscape in a panoramic view up to 180 degrees witke 2087).
The CAVE and similar devices also surround the user with a panoramic view, but they are much
smaller, generally square, and usually focused on an individual user, providing that user with
sophisticated interaction device8r(zNeira, 1993). Amther approach is the Head Mounted
Display (HMD), a pair of glasses in which each lens is a video screen showing the virtual
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environment. The computer employs a tracking device on the userOs head so that it can show a
stable view of the virtual environmeint any direction the user looks.

Figure 1.The Virtual Egyptian Temple in the Earth Theater

In our study, we employed the Earth Theatiethe Carnegie Museum of Natural History
(CMNH, 2010). Its main screen is a section of a sphere, providing a view 210 degrees horizontal
by 30 degrees vertical. Specifically, middle school students pl&ais of Horus an
educational game based on ourt¥al Egyptian Temple (Troche, 2010). In Jacobson (2009), we
describe in detailGates of Horusand our experimental findings, which indicate that students
learned from the game and found it enjoyable and engaing @.05). In this article, we
describe ar case study, in which individual students who plaggades of Horusn the Earth
Theater had better factual recdl € 0.05) regarding the temple than those who played the game
on a standard desktop computer.

In this article, we will situate our study in the literature, describe Gates of Horus, describe
our experiments, and discuss our findings. We believe that we have found a case in which visual
immersion does make a positive difference, although more réséeameeded to find the
mechanisms at work.

Does Media Matter?

Clark (198) challengesthe idea that learning outcomean be affected by communication
media used ithe learning process. He liketiee media to a delivery vehicle and the information

to belearned as the payload. To him (Clark, 1994), the only important difference amonganedia
their cost, and therefore the most appropriateedfidient one should be chosen for the task at
hand. Russell (2000) cgea very large number of studies thaeatpted but failed to find any
significant differences in learning when comparing two or more media employed in the same or
very similar curricula. Today, Clark2010) continues to cite a lack of hard evidence of media
related differences in learning andagk of good experimental studies. Instead, he focuses on
theories and methods for good instructional design.
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However, Russell himself states that the lack of significant nrethéed differences in
learning is more likely due to inappropriate or incortglase of the media (Russell, 2000, p
xii-xvi) or weak means of measuring difference. In refuting ClarkOs claim, Kozma (1994) begins
by stating that media and method (instructional design) are inseparable. Good design takes
advantage of the affordanceffeved by the media, and the media exists to serve the desigm
cannot simply substitute one communication media for another and hold all else equal. Mayer
(2001) says much the same thing.

Kozma (1994) goes on to argue that learning is not a processl accepting delivery
of information, but an active process of explamatiCentral to that exploratiaos a reciprocal
relationship between the learnerOs cognitive resources and the external environment. Winn
(2003) describes learning as an act oftual adaptation between the student and the
environment. Constructivist learning theory (Jonassen, 2000) describes learning as the individual
or social process of building knowledge (Vygosky, 1978) which requires a supportive
environment.

Today, most edwtional research focuses learning environments (Mihagc2007) that
support the learning process in increasingly intelligent and flexible Waissinteresting that
Clark, Kozma, anathercentral players in new media for education (e.g., Barab, 28D8)ate
that (apart from individual learner differences) it is the quality of the design of the learning
experience that matters. Perhaps the main difference between Clark and the others is a difference
of opinion on the extent to which media createammggful opportunities for better design.

Educational Games

Curriculum can be cast in the form of an educational computer game, a strategy that has gained
great currency in recent years (Dondlinger, 20@ifalca 2007; Dede, 2009; Anderson, 2010).

At minimum, a game is an activity that (1) has some goal in mind, something that the player
works to achieve, (2) has rules, and (3) is considered a form of play or compéiifmmd(
2010).While this encompasses Oskill and drillO types of games, most drenoneccomplex,
providing flexible and responsivearrative in which the playenust test hypotheses, synthesize
knowledge, and respond to the unexpected (Dondlinger, 200ig).fundamental goal is to
motivate the student to learn something (Ang, 2008) shacessful educational game idess

not easy (Baker, 2008).

According to Ang (2008), the student can be motivatediuoplogy and narrative.
Ludology is the iterative and creative competition or work toward goals, focusing on the game
play itself. Narative is the story itself, which the designer hopes will capture the studentOs
attention because it is interesting. Within narrative, the student can embody a character or
persona (Barab, 2009; Dickey, 2006; Squire, 2008; Slater, 2009). The studentdlaar#uter)
must understand the virtual context and ultimately transform it. In good game design, goals are
structured flexibly, so that the student can rise to a level that challenges his or her abilities
(Dondlinger, 2007). The goal is to keep the stwiden his or her Ozone of proximal
development,O in VygotskyOs terms.

However, an educational game must motivate the student to learn what it was designed to
teach, not just to play or OwinO the game itself. Games can motivate #xtingfcor intrinsic
rewards and goals (Dondlinger, 2007). Extrinsic rewards, such as earning points or encountering
something fun or pretty, are defined in the structure of the game itself, but they do not have any
direct relationship with the material the studesmtexpected to learn. Extrinsic rewards can
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engage the student, but they also may interf@th learning. According toisch (2005), when
appealing elements are added to keep students interested, the students often remember those
appealing elements and @@t the content they were supposed to learn. Intrinsic rewards, on the
other hand, are situated within the educational content itself. For example, in DedeOs educational
game, River City, the goal of the game is to figure out what is making the townsp&ipla

perfect union of game and content (Dede, 2005).

Gates of Horus

Our game,Gates of HorugJacobson, 2009; Anderson, 2010), is an example of the growing
trend for using serious games to teaehtural heritage (Anderson, 2010; Champion, 2008).
Gatesof Horusis based on our virtual Egyptian templéhe temple has no realorld analog,
being an exemplar of its typdesignedto embody the key features of the typical Egyptian
temple of the New Kingdom periodroche, 2010Q)Its four major areas, fromdnt to back, are

the exterior (Pylon), the Courtyard, the Hypostyle Hall, and the inner Sanciteyfornal
Egyptian temple was a focdsr community gatheringgMcDowell, 1999,pp. 91-104) and an
important cultural and economic multiplier (Kemp 198®, 193-97). Egyptian temples, their
decoration, and content were arrangedording toa deliberate spatigdlan (Watterson, 1998,

pp. 35-43), which makes them appropriate topic for 3D media.

To playGates of Horusthe student navigates the temple fir&t-persornview (Bowman,

2002) on a standard desktop or in an immersive display (Figuréh2)game works with a
standard threbutton mouse, but in owtudy all students employed a/i@mouse(Jacobson,

2008, p 100). The latter functions like a stamdamouse, except that an internal @gecope
allows the student to rotate view in the game by rotating the mouse itself, instead of moving it
across the desktop. Pilot testing (Jacobson, 2008210 showed us that this feature removes the
need for the desktop, aking the mouse reasonably comfortable for use while the student is
standing (Figure 2)T'he user moves forward in the immersive display by pressing the left mouse
button and backward by gssing the right mouse buttdgtudents using th&yromouse while
seated at a desktop also did not repast problem with the interface.)

When the student presses down on the mouse wheel, the game switches to Oselection
mode,O in which the mouse controls the cursor siowigure 2. The student cdinen select an
activeobject by moving the cursor over it in the current view and pressing the left mouse button.
The student can select the same object from any direction. The cussenmn the surface of
the display and turns green when it is over an active objecttordeaf the temple. To return to
navigation mode, the student presses the mouse wheel again.
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Figure 2 A student and the game,Gates of ointhe Earth Theater. During
actual play, she would usually look at the cursor, the white cross in the upper
right corner.

The game begins at the front of the temple. Each time the student selects an OactiveO
feature of the temple, such as the hawk, the priest explains its nature and meaning. When the
student clicks on the priest, he asks the student a quesised on what the student has selected
previously. The priest asks questions in random order, never repeats a question the student has
already answered correctly, and does not ask questions associated with a feature he has not yet
explained to the studerftor example, when the student selects the winged disk above the main
gate 6 the temple, the priest saysTh® winged diskErepresents the divine kferce which
flows from heaven and into all thingsE.O This adds three questions to the priestOs pool of
questions, such as, ODoes the winged disk represent war?O The answer is Ono.O

The student must answer all of the priestOs questions correctly about one area of the
temple to progress to the next area. When the student has given correct answers to all the
guestions, the Gateway to the next area of the Temple opens, and the stpldees ¢xat area
and learns about it in the same way.

The priest asks a few additional questions from the introductory narrative of an area after
the student answers all other questions associated with that area. The student OwinsO the game
when he or shanswers correctly all of the questions from the priest in the inner Sanctuary,
causing the divine image of the God to Ospeak,O bringing the blessings of heaven to the land of
Egypt. For a complete description of the rules of interaction, see Jacobs®). (2060 the
complete dialogue, see Jacobson (20081Q2). A working copy of the game is currently
available at PublicVR (2010).

Motivation in Gates of Horuss primarily ludic (Ang, 2008), dependent on the structure
of the game, rather than on the nawveat (The student is supposed to be a young prince being
educated to eventually become Pharaoh, but we barely meniigriglde reward for continuing
play is the chance to see more of the temple and learn more al®anitintrinsic reward
(Dondlinger, ®207). This appears to have worked, because all students in the study concentrated
intensely on the game for nearly an hour, and their feelings toward it were generally positive
(Jacobson, 2009,. 444). Furthermore, the narrative setting parallels the &&gyemphasis on
learning and literacy as a key virtue and the role of the senior priests as instructors (Sauneron,
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2000). Unifying the game and the content was key, because authenticity is important in
educationagjames for cultural heritage (ChampionQ2pn

Visually Immersive Virtual Reality

We are particularly interested in educational applications that employ both a virtual environment
and a visually immersive displagas we defined them here). But to survey prior work in this
area, we must make theader aware of a shift in terminology.

Before the year 2000 (approximately), all applications called virtual reality (VR) used a
visually immersive display or a flight simulator (Ellis, 1991). Since that time, the term has
expanded until VR refers to nearyery application based on an interactive tti@eensional
space, including most of the interactive games used in educational research (Dondlinger, 2007).
This is a matter of some concern among longtiferesearchers (Jacobson, 20b0} not an
issue wewant to address here. In the following discussion, visually immersive virtual reality
(VIVR) refers to all VR applications that employ a visually immersive display.

The 1990s were a time of great excitement about the educational potential for VIVR.
Hundrals ofeducational projects employed visually immersive displays, and there are still many
examples irthe decade afterward. Despite this, we can find only 14 formal (statistical)
experimental studies on the educational effectiveness of (M&eno, 2002;Winn, 1997,

2001; Jackson, 1999; Bowman, 1999; Dede, 1999; Roussos, 1999; Salzman, 1998, 1999; Osberg,
1997; Byrne, 1996; Rose, 1996; Jacobson, 2008; Bailenson, 2008; Limniou, @D 0One

notable study that employs activity theory for its analysis (Rays8007).A major limiting

factor has been the high cost of most immersive displays, but that has changed recently (Tacacs,
2008). Nevertheless, implementirand evaluating good VIVR educational design remains
complex because of the large number of vdeminvolved.

An important theme in VR research is presence, most commonly described as the feeling
of Obeing therdé® the virtual environmentSpring, 1992). Most articlesre have read that
discuss VIVR for education refer to presence, and nearly aheofl4 empirical experiments
listed above test for iThey argue that presence focuses the studentOs mind on the lesking
and structures the interaction in a natural végwever, the concept of presence is complex, and
has been poorly defined ovitre yearsmaking it difficult to test for (Bailenson, 2008)loreno
(2002), Byrne (1996), and Rose (1996) all based their learning experiments with sensory
presence as the independent variable, with no result.

Efforts are underway to create a more stakel@nition of presence. Slater (2009) makes a
distinction between the type of presence achieved through sensory immersitime and
engagement one develops toward a character byplayéng it in the context of some narrative
Others retain a broader definition of presence, but posit a more stable theoretical foundation
(Chertoff, 2008). Slater (2009) provides a good overview of the topic. In our study we do test for
presenceand we recognize its importance, but it is not aeus.

In two key experiments, a student appeared to gain an advantage from experiencing an
egocentric viewpoint in the virtual environment, meaning he or she is (visually) inside something
interesting (Dede, 1999). The view surrounds the viewer withnrdbon, making important
relationships easier to read. Examples are a magnetic field (Salzman, 1999) or a simulation of
Puget Sound with added visual representations of items, water temperature, flow, and salinity
(Winn, 2001). Most of all, it is these tvexamples which motivate the premises of this study.
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Accordingly, the hypotheses for this study come from the premises that (1) religious
architecture is rich in spatialigrganized information, including Egyptian temples (Watterson,
1998, p. 3543) and R) studying the virtual temple is more effective with the benefit of an
egocentric (inside) view.

METHOD
Participants and Protocol

All testing took placeat the museumOs Earth Theater (CMNH, 2@di€) middle school
students, ages 11 through 14, recruitexn area schools, civic organizations, and individual
families The museum is located in Pennsylvania (USWA¢, study of ancieriEgypt is part of the
state education standards for middéhaol children, and the museuafready had a regular
schedule ofegypianthemed field trips for themPilot testing confirmed students that age
were old enough tointeract meaningfully with the game and were generally enthusiastic
(Jacobson, 2008)

We used the first students for pilot testiogerseveralweeks to debug the game and our
protocols(Jacobson, 2008After pilot testing and some loss from dropouts, we had data for 65
studentsDuring the main studyas the students came we randomly assiged eaclstudent to
one of three groups:

* Theater Group D Studentsplayed Gates of Horus using the immersive dome display.

* Desktop Group D Studentsplayed the game on a standard desktop computen area
adjoining the main theater.

* Control Group P Studentsdok thewritten posttestfor basic knowledge of the tempdefore
playing the learning gaman a standard desktop.

The Control GroupQ#ritten Posttestakes the place of knowledgepretest for the other
two groups. This imecessarybecause a questi@ndanswer pretest on knowledge of the
temple would reveal too much about it. This could raise all student scores and mask the effect of
the experimental treatment.

All studentsin the three gropscompleted the followig protocol, with variations in steps
1, 3, and 10 for the Control Group:

1. Pretest (for all students except the Control Group): Students dke a pretest for general
information such as their attitude towardgtual Reality YR) and Egypt

2. RPM: Students omplete a visual intelligence test, RavenOs Progressive Matrices (RPM)
(Raven, 1958Gregory 1999).

3. Written Posttest (for the Control Group only): To compensate for the knowledge the other
two groups may have learndtrough thepretest in step 1, the Control Group takes fhidy
typical multiplechoice and shonswer quiz.

4. Playing the Game: Students [ay the learning gamesates of Horusto completion. The
software logs all activity for later analysis.

Pre-Publication Draft Jeffrey Jacobson © 2011
International Journal of Gaming and Computer-Mediated Simulations (IJIGCMS), Spring, 2011



5. Presence and Comfort Test: Students are queried on theiense of presence (a single
guestion) and their degree of motion sickness determinedhrough questions regarding
common symptoms.

6. Drawn Map: Each studentrdws a map of the temple.

7. Magnet Map: Each studnt paces small magnets representing features of the templenon a
accuratemap of the temple.

8. Video: Each studentiges a15-minuteguided tour of the temple, navigating the model of the
temple ona computer, explaining its purpose and features. Theisoudeotaped and later
scored by evaluators.

9. Written Posttest: Students who aneotin the Control Groupake thewritten postést.

10. Follow-Up: One to two months latesll studentscompletean online quizregardingthe
temple.
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Figure 3.Theexperimental potocol
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Hypotheses and Design

Two hypothesesH2 and H3, embody the primary goals of the study. H1 plays a supporting role
while H4, H5 and H6 refine the possible results found in H2 and H3. Many other comparisons
are possible using additional measures (e.g., age, gender, computey, literagation path in

the virtual environment which wegathered for later analysis, but they aredmelythe scope of

this discussionin the following statements, Ohigher ti@Dbetter tha®or Oworse thanO refer to
statistically significant differences

(H1) Students who plagates of Horuso completiorwill demonstrate greater knowledgéthe
Virtual EgyptianTemple than those who have not played the game.

Specifically, scores on the ritten posttestfor studentsn the Desktop Group will be
better tharscores on the writtenogttest for studesin the ControlGroup (Figure 3)The
comparison doesot include members of the Theater Group, because they may gain an
advantage from the immersive display.

This hypothesis is concerneadly with whether the game is an effective learning teol
necessary condition fmomparingthe effect of different dsplays.Gates ofHorus is both
a computer leming game and a VR applicatioand both those factomnhake this
hypothesis risky, sinceogd computer learning games are difficult to prod(Beaker,
2008) andmany VR applications fatb achieve their pyppose(Jackson, 2006)

(H2) After all students have played the game (Figure 3), thosthe Theater Groupwill
demonstrate more factual knowledge than the others.

Scores on the videest for the Theater Groupill be higher than scores produced by
studerts in both the Desktop Group and Control Groigiken togetherThis strategyof
combining resut for the Desktop and Controlr@upshas the statisticahdvantageof
comparing larger groupsndis conservative with respect to this hypothesigjives the
aggregate noitheater Groumn unfair advantage the Video Test, because students in
the Control Grouphad more exposure to tineaterialby taking thewritten posttest first
(Figure 3)

Additionally, if students in the Theater Group achievigher scoresin the written
postestthanstudents in the Desktop grqujpose resultsvill add further support tthis
hypothesis.

(H3) Oneto two months after playingsates of Horusstudents in thelheater Groupwill
demonstratenore knowledgeon the fdlow-up testthanall other studentgin the Desktop and
Control Groups).

(H4) Students in th&@heater Grouwill score higher omne or both ofthe map ¢ststhanall
other studentafter they have all played the game (Figure 3).

(H5) One or two monthsfter playingGates of Horusstudents in th&heater Groupvill report
more motivation to learn about Egypt and a more positive view of their expeadernhefollow-
up testthan students who play#lde gameon a desktop computer.

(H6) We expect studentsCores on the Raven's Progressive Matrices (RBM}eractin some
way with the experimental results for thesttestvideo test, ofollow-up test.
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RavenOs Progressive Matrices (RPRBven, 188; Gregory 1999) measures students'
basic spatial and spatiahalogical reasoning ability without the use of language. One
might expect those who score highly on Progressive Matrices to do betterpiosthest
resultsbecause of their higher spatial ability. Tieeerse may occur, however, with the
students of lower spatial ability benefiting more from having the temple visualized for
them by the softare (Bricken, 1990)Nevertheless, thens some indication in a study

by Winn (1997) that lovachieving student§.e., withlow grades in schoohad more to
gain, on average, frotmeir VR learning applicationThat observatiormay applyin our
study as well

Threats to Validity

This section describes confounding or interfering facois attempts to mitigate them.

Novelty Effect At presentimmersive VRapplications are rare amdeusually praised by users
as thrilling, fun and exciting. ThisOnovelty effect@ay result in a higr level of user
engagemen(Clark, 1988) providing a transitory advantage for students in Tiineater Group
However, museum staff stated tltmimputer games, Egypt, and field trips to the museum are
very popular with this age groujVe hope thathe experience for all students was novel and
exciting enough to overwhelm any novelty effect causedusymmersive display.

John Henry Effect(AKA Hawthorne Effect) The students in the ttexagroup may have tried
harder because they may have believedttthe researchers wanted them to do better than
students using desktop computé@ampbell,1963).Our researchera/ere careful to preseiie
experimeat in a neutramanner

Large Number of Variablesvost educational research in authentic settings, (1@ museum)

must contend with a very large number ofgmtially confounding variables, just as we did.
Factors such athe weather, the attitude of the teachers towards technaagythe timing of

school exam periods had potentially disruptive effééthere a traditional experimental design

is possible, the best solutica large and randomly selected sample (Campbell, 1963) to evenly
distribute interference among the test groups. The number of test subjects in this study (under
100) should smootlover enough of these interfering factors so that a statistically significant
result is interesting and worth further investigation.

Motion SicknessCAVE displays,digital domesand similar devices provide optic flow in the
userOperipheral vision, with may cause motion sicknesée(inedy, 1992Kolasinski, 1995).

In the Earth Theatethe panoramic viewand the userOs ability to control the selection/activation
cursoreachreduced the student's need to navigate to see and select.dbgsstnavigatio
reduced visual flow and therefore reduced motion sickn&ss, the navigation speed the

Earth Theater was much slower than in typical video games to reduce confusiorotiom
sickness and to convey a sense of the temple's grand Bicallty, audiences see immersive
movies in the Earth Theater on a regular basis with very few complaints of motion sickness.
Immediately after playing the game, each studerit tbe Presence and Comfort Test, which
showed naignificant discomfort inhe immersivelisplay.
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Application and Interaction DesigBuccess of any VR application depends on the quality of its
interaction design. Navigation has to be easy and comfortable, selection straightf@ameard
performance crisp. Manimmersive VRexperiments haveada major problems as a result of
poor interaction design or inadequate technology (Jack€9®9. To minimize these problems,
the authorsmproved the interfacand interactiorfor Gates of Horusccording to provedesign
principles (Bowman, 20029nd futher refined iduring pilot testingJacobson, 2008).

Limited Quantity of ContentThe content of the learning game must be finite for practical
reasons. However, ihere is too little to learrg ceiling effect for learning outcomesuld occuy

in which all students in all treatment groups learn everythiigt testing showed that this was
unlikely to be a problerJacobson, 2008)

Fixed Learning TimeFor practical reasons, students must have a fixed period of time to explore
the temple and leathe associated materials. This runs the ris&itbferforcing studergto stop
whenthey areengaged and learning farcing themto continue when theyantto stop.Recent
studies have shown the learning intwal environments can be tire®nsuming (Joas, 2008).
Fortunately, the limited narrative structure ®@ates of Horusallowed us to make it resolve
within a limited period of timeAfter we didpilot testing andnadeadjustments to the software,
moststudents completdatie game irapproximately 4@o 60 minutes

Fatigue Testing and treatment took approximately two hours for sagaent which may have
beentiring. Fortunately, student®vealed a remarkable degree of energy and interest, with none
of them asking for a breaRerhapgshe varietyof activities kepthe experiencenteresting.

Measures and Materials

The Pretest, the Written Posttest, and theFollow-Up test used a standard multiadkoice and
shortanswer format, implemented aslioe (HTML) forms using Surveéyionkey (2010), a
survey authoring and administratiogervice. When the student completetest, the datavas
uploaded to a server for storage and anal{Zi¢a gathered with thergtestcould beanalyzel
directly, while the other two(the written posttest and the follewp test)requiredscoring by
evaluators. For the written posttest and the follpaest we created an individual grading form

for each studentOsesponses to thehortanswer questionsEach evaluator indicated which
expectedactsthe studentevealedWhen the grader was done, the results were also uploaded to
the SurveyMonkeylata server.

For example, Figure ghows part of the grading form for one student. The first sentence
is the original question. The secondemce is the studentOs ans\Bgrchecking one of the
three radio buttons in theextline, the gradewill give full, half, or no credit based on whether
the studentOs answer shows understanding that the Egyptians want the world to be an orderly
place.Otherlines(not shownkllow the grader to award points fanexpectedacts.
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4. What does the Pylon tell us about how the Egyptians wanted the world to be
like?

They wanted the world to be organized and orderly

none half full
Orderly
Ruled by Egypt
Pharaoh rules
Egypt

Pharaoh has the
support of the
gods

Figure 4. Original question, student's answer, agradeOscoringoptions.

The RPMtest the presence and comfodst,the drawn mapeist, andthe magnet map
test were alprinted and produced by the authors. See Jacobson (2008) for the actual tests and
examples of their use.

Students wrote their answers for REM Test on paper, and we had an assistant enter
the data (for each student) into another HFbMdsediorm. RavenOBrogressive Matrices (RPM)
(Raven,1958; Gregory 1999) measures students' basic spatial and spaadédgical reasoning
ability without the use of language.

The Presence and Comfort Test wasa onepage multiplechoice teston paperwhich
stucents filled out by circling their choseanswers. The first question was taken from Hunter
HoffmanOsuestionnaire for Presence (Hoffmd®99), a measure of presence. It dskedents
to choose on what is, in effeet five-level Likert scale how much they falsif they werenside
the temple. The other questions are from KennedyOs questionnaire for motion sickness (Kennedy,
1992).

We used two map tests theDrawn Map Test, each student was given a blank sheet of
paper and told to draw an overhesaigw floor plan of the templefrom memory In theMagnet
Map Test, each student was given a correct overhead floor plan of the temple with a metal
backing. The student placed magnetic icons onto the map, with each icon representing an
important feature of the templBor bothmaptests, the administrator photographed the map and
stored it for later analysis. For each map, we constructed an Hdédevaluation form,
which each evaluator filled out. When an evaluator was done with the evaluation, data would
upload tothe data server for later analysis.

For eachvideo Test, the tester took the student to a roamtaining adesktop computer,

a projector, a video camera, and the same controller the student used during the game (a
Gyromouse). Onto the wall, the computemjected a nointeractive copy of the Virtual
Egyptian Temple with doors removedfrom the game. The tester instructed the student to
produce a guided tour of the Temple, saying in effect OTell us everything you know about the
Temple, and show us aswtell us.Orhe studentould point with his or her free hand, with the
hand holding the Ggmouse, or with a laser pointer (Figie When the student was ready, the
tester would begin recording both the student and the computer screen with awvitigival
camera while the studemade the presentatioBtudents usually took 15 minutis producea

video, as we had discovered during pilot testirf@acobson, 2008)Each student used the
Gyromouse to navigatendicatingfeatures of the Templea any wayhe or she liked, which was
usually by pointing
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Figure 5.A student gives a tour of the temple

We evaluated each studentade video by having an evaluator (grader) fill out a
guestionnaire, which listed the facts we expected the wvienclude (Figure 6). The grader
could assign full or half credit for how the student described each fact, in a way similar to the
grading of the short answers on the written posttest. All student videos were evaluated by three
evaluatorsThe data we cadéctedis a measuref factual learningusing the video test.

e 06 Renee Video =)
<« e_] /I‘ .9 https://www.surveymonkey.col = ¥ > 3C| . Q
foo.html Stick Wikipedia MyBlog Dictionary PLS BPL
@ Links Related t... @ Intercoder Reli... @ PA765: DataL... @ Renee Video

' Renee Video xit this surve
3. Courtyard :

8. REMEMBERING FACTS: Evaluate the extent to which the student repeats or
paraphrase what the priest told him/her as well as facts which should be
apparent from the appearance of certain features of the temple? Indicate for
each fact.

none half full
The courtyard
holds several 4/
hundred,

Everybody could
come there
from, Farmer to
Pharaoh

Open and -
undivided. 7 v o

made for large
religious

celebrations,

Find:  Q kappa & Next i Previous Highlight all ) Match case

Done www.surveymonkey.com é

Figure 6.Part of an evaluato[(")sc:ring sheet. The courtyard is part of the temple,
andOReneeO is the studentds came.
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When a student completed the testing at the Earth Theater,weehgaa booklethat
containsmore information on Egyptian life and contextmasthe temple. It also contains links
to relevant external resources.

One to two months later, the student completed the online (Hb&4ked Follow-Up
Test from home or elsewhere to receive a gift certificate and a copy of her video test.

Interrater Reliability for the Video Test

To provide a broad and stable measure of student performance in the video test, three evaluators
gradedthe studentnade videos sing theEvaluatorOs Scoring Shéeigure6). One was a high

school teacher, another a medieval historian, and the third-guale familiar with the temple.
Eachevaluatorproduced a complete tsef scoresfor all student videqswhich werecombined

into a single set of measweusing interrater reliability analysig.or reasonsdescribedin
Jacobson (2008,pdl64-165), we choséd-leiss KappdFleiss, 1981; Siegel, 1988, 284),which

is designed to handle ragjs with few levels (i.e., truafse, higp//medium/low, etc.) and to

handle any number of rateiGur datawere alsosensitive to grader bias, but not overly ¥
employed thecode in the spreadsheet produced by Ki2§0p). Standard measures of
correlation (e.g., Pearsor®sr Spearmand® were not appropriate in this case.

The final resultwas a probability scorethe approximate standard error from Fleiss,
1981) for each questipmdicating whether the graders were substantially in agreement on the
quality of all studentsO performancehwitgard to the fact being graded. If the standard error
was less than 0.05, thenasa 95% chance that all three gradeesetruly in agreement on all
studentsO performance (taken together) with regard to that fact, despite a small amount of random
fluctuation. Student membership in an experimental treatment group was not a factor. We were
concerned only with whether the graders were in agreement for each student.

In the Video Test, we found that student responses for 45 out of the 75 facts (60%) had
aceptable levels of rater agreememt € 0.5). However, those 45 accounted for 89% of all
points awarded, because few students mentioned the remaining 30 facts, leaving too little
information to determine rater agreement. Within the acceptedtbatater&threedata setsan
be safely averagetb produce araggregate set of scores. All further discussionidéo data
analysisrefers tothe aggregate measuresstidentsO descriptionstidbse 4Facts
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RESULTS & ANALYSIS

Table 1. Summary oésults

Significant
Test Result?
H1 Written Yes
Written No
H2 :
Video Yes
H3 Follow-Up No
H4 | Drawn Map No
HS | Magné& Map No
RPM x NoO
H6 Written
RPM x Video Yes

Written Posttest: Gates of Horus Probably Effective

Before we can meaningfully compare learning result$Glates of Horusdased on display type,
we must first have some assurance that the garually functions as a learning toolwenty
students in th@o-treatmentControlGroup took the written test without playing the game, while
twenty students in the Desktopdsp played the game and took the written tB&tsults and
analysis are only summarized, here, because they are detailed in Jacobson (2009).

For the first section othe test (theautomatically ®ored multiplechoice questionsk
two-tailed, uneven variancesdston studentStotal scoresgjielded P < 0.0016, a very strong
difference.

The second section of the test asked studentwriie responses tshort answer
guestions which were graded by four evaluatomsho awarded full or partial credit when
students statedxpected factdNe combined thevaluators@rades through interrater reliability
analysis similar to that used for the video te&tswo-tailed, uneen variances-test on students
total scores yielded a strong difference Pof< 0.0044. (One of the control group students
declined to fill out the sho@nswer section, so we excluded his test from that comparison
because evaluating his score as a zeyolavhave been uair to the control condition.)

Lastly, the evaluators gave subjective ratings onstiidentsO overall performance on the
test with the difference being so strong tiawvas essentially zero.

Written Posttest : No Significant Difference by Display Type

Comparing results for the written test between the Desktop Group (20 students) and the Theater
Group (25 students) yielded no reliable significant differen€Cemparing studentsO total scores
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in the autamatically graded multiplechoice section did yield whdboked like a significant
difference P =0.0290)usingthe MannWhitney testSee Jacobson (2008,%¥ 3, p 165) for the
reasons why we chose a Rparametric test and other details of our analysis strakégyever
the TheaterGroupds performancghoweda statistically significant advantagéann-Whitney;
yielding P <0.05)in only two of the 20questionsThis is not aradequate basis tmnclude that
the significan differencebetweerthe totalss meaningful

Comparing results fashortanswer questions, also using Manhitney, yielded aresult
P =0.8388. Finallycomparing evaluatorsQbjectiveratings showeonly P =0.6865, and-test
for both comparisons yielded similar results. Therefoesults of the written posttest failed to
supportH2.

Clearly, the written test (Jacobson, 2008288) was not sufficiently sensitive to detect
the differences revealed in the video test. Designing an effective written test is certainly possible,
but the informationthat is, by necessityevealedn the questiosthemselvess an obstacle. This
is a complex and important isstiatwe hope to address in a later study.

Maps, Presence, Game Logs, and Follow -Up Tests, All Negative

We had hoped thatudents who learned with the immersive condition would remember more
facts and concepts than the others. Unfortunately, we saw no statistically significant differences,
and there were not enough differences in individual scordsetaonvincing. Resultsf dhe
follow-up test wee very similar to those of theogttest, except that students gave much less
informative answers on the shamswer questions. This lead3 unsupported

In data from both thdrawn maptest forH4 and themagnetmaptest forHS, we saw no
significant differences in performance for the Theater Group versus the other,gandpse
found notrend in one direction or the other. Thisding is somewhatat odds with the virtual
reality training literature, which has established thankrsive VR is a good way to teach survey
knowledge ofa geographiarea(Darken,2002 Durlach, 200D Perhapsthe temple was too
small and too simple for immersion to produce a genuine difference in studentsO knthaledge
could be detected with a mappitest.

On the presence and comfort teste bne questionthat queried studentsO degree of
presence failed to show any significant difference between the Desktop and Theater Wmups.
see now that the presence question (Hoffman, 1998) was probably not an adequate measure
(Slator, 2004).Fortunately, the testlso failed to eveal any significant motion sickness
regardless of whether students used the immersive display or a stdesktap.

A cursory examination of the game logs showed no correlaétwelen completion times
for thegame and learning outcomes.

Video Test: A Positive Result for Learning

StudentsO total scores for all factual learning in the Theater @erepcomparedo the totals
for studentsin the other two groupgDesktop and Controljaken togethefFigure 7) This
comparisonhasthe statistical advantage of comparing larger grams is conservativavith
respect to H2The aggregate noeitheater Groughad an unfair advantagan the Video Test,
because students in t@®ntrol Grouphad more exposure to the matebgltakingthe psttest
first (Figure 3).
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Video
Test

Theater - T-Test P=0.0311
Mann-Whitney P=0.0458
Desktop . 9 of 45 at P < 0.05
5 more at P < 0.10
Post +
Test
Control

Figure 7.Video Testesults.

Scheduling considerations left us with fewer completed videos dbanpletedwritten
posttestsVideo data \ere collected for 18 students in the Desktop Group and 17 in the Control
Group, for a total of 39, and video datare collectedor 22 studentsn the Theater GroupA
two-tailed, twesample unequal variancetestcomparisn of total facts mentioned by students
in the two groups (the Theater Group versus all others) showed a significant differenBe=with
0.0311. For comparing the totals, theestis probably adequate, but the underlying data are non
continuous and highlskewed A nonparametric alternative, the MaiWihitney test, yielded®
= (.0458. See Jacobson (2008,¥3, p 165) for further discussioof theanalysis strategy.

The effect was strorgstin the inner Sanctuary of the temple, the last area whetieall
themes of the game come together: FlestyieldedP =0.0230 and MariwWhitney producedP
= 0.0359.Perhapdy the time the students reach the sanctuary, they are more accustomed to the
game andts controls tharthey were when they enteretherareas earliefThe edudion of the
cognitive load of playing the gamenay cause less noise (errors) in the datimwing the
treatment effect to surface more clearly. Alternativiig, treatment effect may be more apparent
becausdhe sanctuary is themostcomplex areapatially andnformationally However, this is
only conjecture, and thisnexpected result was nartof our apriori experimental hypotheses.

According to the MamWhitney test, students in thEheater Grougperformed better
than theother students inine factsat theP <0.05 level of certaintgndin five more at thd® <
0.10level for a total of 14 out of 45. (Note that the main result of the study does not depend
entirely upon the difference shown in just these 14, but in aggregi@g across all the facts.)
Also, dudentsin the Theater Grouplid better at thé® < 0.05 level for four of the 13 facts
associated withthe Sanctuary and at tFe<0.10 level for three more, a total of seven out of 13.
There were no cases where feeater Group was statistically wordan the other groupSee
Figure 7.

It is tempting to look at the data more closely and try to determine the shared
characteristics of facts and ideas which seemed sensitive to immessiontunately our test
popuktion (65)was too small and the treatment too short to support analysis on that level of
detail. There would be a significant danger ©@bvefitting the data,O ascribing significance to
largely random events.
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Video Test: A Glimpse of Conceptual Learning

Our Egyptologist (Holden) evaluated the videos for conceptual learning to complement the other
evaluatorsO relatively rote scoring of factual and kevel conceptual learning. Students using
the immersive display generally did better at explainingribst important concept® (<0.001).
The treatment group also tended to do better wittspleeific facts most closely linked to those
key concepts. Furthermori,appears that students with low RPM scores benefited more from
the immersive display thandke with high RPM score® (=0.01). The result parallels a study
by Winn (1997) in which students who made poor grades benefited more from using an
immersive display in WinnOs educational VR application (Winn, 2001). This interaction effect
was not evidenin scoring for factual data.

This result is fascinating, but uncertain, because the scoring is based on the judgment of a
single evaluatorln 201Q Robyn Gillam a publishedEgyptologist evaluatedthe studentmade
videos in the same way. At the time weote this article, she had completed her evaluation, but
thedata has not yet been analyzed. That analyjiflibe the topic of a followon article.

DISCUSSION

In our study, all students playéshtes of HorugJacobson, 2009), a solitapjayer educatioal

game based on the Virtual Egyptian Temple (Troche, 2010). Afterward, each student produced a
videotaped tour of the temple, describing its features and meaning in the studentOs own words.
Three independent evaluators rated the completeness and acolieagh video, yielding a
composite measure of student performance ovVa@o Test.Some students played the game in

a visually immersive display, the Earth Theater (CMNH, 2010), adigitial partiatdome

display (Figure 1); and others played it ostandard desktop comput&tudents who used the
visually immersive display recited more facts in their Video Test than those using a désktop (
0.0458).

This positive result for the immersive display is in line with two other studies. In Salzman
(1998), students with access to both an egocentric (inside) view of a magnetic field and an
exocentric view learned more than those limited to just one view. &lyniin Winn (2001),
students with access to an egocentric view of an informatbnvisualization of the Puget
Sound area learned more than those who had only an exocentric view. Our study is further
evidence that the egocentric view provided by immerdisplays issometimesdvantageous to
the learner in educational virtual reality games. If this phenomenon is real, understanding how
and why it works will require further study.

On