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Abstract

The use of computer games as learning tools isgmmonplace, but how effective

is their delivery? This paper explores the impdabarrative and gameplay elements
on student learning outcomes when computer gamesused as education and
training tools and asks if interactive gameplayvpies a more appropriate context in
which to deliver information than the more commoefgployed multiple-choice quiz

interactive? Activity Theory has been used to sswlyuantitative and qualitative data
collected during trials of two computer based pasgu an interactive game and a
multiple-choice quiz. Initial results of the resdarindicate that deep, sustainable
learning is more successfully achieved when leareegage with content delivered

within an interactive game based framework.

I ntroduction

The acquisition of any skill base is achieved bytip@ating in activities and

articulating ways of learning through which knowdedis developed, defended, and
modified. Intrinsically, gameplay has these samaratteristics. Computer games
have the capacity to become important learning egyst because they engage
participants by making them active agents in tlo@n learning rather than passive
consumers of received knowledge. Game players aalmbtinvest in new identities

through gameplay, thus allowing learners to takksriand imagine themselves in the
roles they are training to achieve. Optimum leagritmat is deep and enduring is more
readily achieved when it connects identity withhautic activity. Virtual learning

environments can provide learners with a systemes$ential variables and

interactions that can easily become obscured invedd situations.



The virtual environment or ‘game space’ has thempil to cultivate:

* a more intense and broadly based affinity grouporded through shared
endeavour, goals, and practices and not througlediiace, gender, ethnicity
or culture identities;

» the leveraging of knowledge from other people amunfvarious tools and
technologies; and

» the fostering of networks with multi-layered formiscommunication.

(Gee, 2003 pp.192-193).

Games have the capacity to engage learners intedithat involve interacting with a
variety of social, psychological and physical chelan Process-driven pedagogical
systems based on experiential learning provide aenuurable model of skills

acquisition than content-driven systems, which tengdromote surface learning with
learners recalling facts in isolation (Gee, 200B)is paper compares the learning
outcomes from two types of computer-based leartaads with differing levels of

narrative and gameplay. The results show thatdheity generated by process-driven
systems creates deep learning environments in wkeghcontent elements become
placed within existing conceptual structures anavigle learners with more durable

and transferable knowledge and skills.

Literature Review

Activity Systems

When using game-based products players concerttraie cognitive resources on
game moves rather than content (Lindley, 2005).sDibés user-focus on strategic
gameplay affect learning outcomes? In order to stigate this question an activity
framework has been adopted as both an analyticféoavaluating complex Human
Computer Interaction (HCI) systems (Engestrom, 2@0@ as a learning system that
takes account of the interactions between the wamontradictory forces that produce

learning outcomes (Engestrom, 1993; Squire, 2002).



Activity Theory provides a theoretical language doalysing the learning outcomes of
training games. The Theory illustrates how theatifeness of any learning system is
dependant upon the interplay of subjects and abjéatont’ev, 1978, Engestrom

1993) (see Fig. 1). Game players can be percewadlgects, and the game world
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Figurel: ACTIVITY SYSTEM Based On Engestrom’s Expan ded Triangulation Of Activity

that they interact with, make decisions and efébenges in, is the objective cultural-
specific environment. An Activity System allows fthre interactions and consequent
transformations of personal, social, cultural amthhical elements within its
boundaries (Squire, 2002). It represents the psesesf learning as developmental
transformations in the Vgotskian tradition, occogrithrough the interaction of
contradictory variables within a dynamic system.sThterplay of contradictions
creates developmental transformations, which, i ¢bse, are understood as learning
outcomes. Activity Systems are capable of continuahsformations, because any
component’s development will impact on the behavi@iuother system components
(Kaptelinin and Cole, 2002).

Activity theory also utilises the concept of thengoof Proximal Development
(ZPD)(Vygotsky, 1978), where the acquisition of nkemowledge is dependant on its
contextualisation with previous understandings iaretaffolded on pre-existing skills
mediated by interaction with a tutor. Computer-didearners must have an
appropriate level of technical knowledge, as wslleaisting disciplinary and socio-

cultural understandings in order to develop themrhing. As existing skills are



required to scaffold new knowledge, learners antetatbrs need to be games-literate
in order for the delivery of learning activitiesavcomputer gameplay to be effective
(see Fig. 2). Part of the difficulty games-baseaining products face in gaining
acceptance is that the semantics, as well as tte and actions, of gameplay can be
unclear to the uninitiated. Educational developarmre skilled in traditional
literacies, have accordingly marginalised compugf@me activities as ‘timewasters’

and playthings.
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Figure 2: ZPD Factors Considered In The Design Of E  ducational Computer Games

Deep Learning

The activity phases of this research investigatetiadr deep learning is engaged by
participation in game environments or if the subB#h cognitive resources taken up
by gameplay (Lindley, 2005) and the goal-focusemation of computer games

interferes with deep learning outcomes,

The rapid pace of technological and social changans that learners can no longer
assume that specific skills will remain current. dchieve real competency learners
must become capable of finding solutions to prolsléhey have never encountered
before. Deep learning is that which provides actess series of skills and methods
that equip learners to become effective problenaessland information researchers,
allowing knowledge to be adapted in new situatiohbe activity generated by

process-driven systems creates deep learning anveots in which key content

elements can be placed within existing conceptuattires.



In process-driven learning the subject’'s immersiorthe Activity System creates
deep, sustainable learning. Deep learning is aeddassough engaging in activity that
involves interacting with a variety of social, pegéogical and physical channels. The
system is transformed by the knowledge that thené&rabrings to it, even as the

learner is transformed by interacting within thetsyn.

Squire (2002) conceptualised the Activity Systenoms where subjects’ interactions
with physical or abstract objects are mediated bthktools (such as concepts,
physical tools, artefacts or resources), and ailtwwontext and occur within
communities with whom the subject shares transftonaf the object and mediates
activity through division of labour and shared nermand expectations. The
distinctions between sustainable process-driveriesys and short-term content-
dependent learning become apparent when learnindpoohe and outcomes are

evaluated in this way.

Narrative in Games

Although computer games are categorised as goatated (Eskelinen, 2001),
winning is often secondary to gameplay, especiahgn game moves (goal oriented
actions in the game environment) are used as aoWvaxploring story. Gameplayers
configure the game world by making decisions akthtpactions. Game moves create
narrative as much as the choice of a particularanswetermined by the narrative’s
demands. Gameplay and narrative become componktite eame semantic system.
Gameplay moves with all their strategic and socilbucal implications, become
another component of the language through whichahee is constructed (Lindley,

2005) and can be undertaken as an interpretiveehssgva configurative practice.

In entertainment games the constrained set of mtheegplayer chooses from at any
particular point of game play are commonly usedrfarrative purposes as well as
providing player maneuverability. However, very feducational games contain this

level of narrative sophistication.



Three game system semiotics: simulation, gamepanetive have been identified by
Lindley (2005). Typically, education products hdeeussed on the game and some
simulation elements. Anecdotal evidence suggesis i because educational
developers believe learners might otherwise becoos in the narrative,

concentrating their gameplay on achieving narratifreen goals rather than on

achieving the intended learning outcomes.

Fun in Games

Gameplay and it's connection with fun is a compdananthe Activity System that
defines the learning domain in this research. R4{888) has described ‘hard fun’ as
the enjoyment had from mastering hard and compéexreplay. Fundamental to the
success of games is player enjoyment. If playeraalenjoy the game, they will not
play the game. In the educational context thereadditional player motivations (Qu
and Johnson, 2005) which need to be measured acHetl- these include the
learners’ desire for attaining educational quadificns. Fun or enjoyment can be
defined and analysed by many different models. &heslude transportation theory
which describes immersive experience (Green, Braold Kaufman, 2004);
disposition theory which examines player attitudesl empathy towards characters
and actions in the game (Nabi and Krcmar, 2004ifude, which is affected by the
players’ intentions and previous experience (Natul &rcmar, 2004) and social
situations and parameters have also been identidachpacting on player enjoyment
(Denham, 2004). These theories define fun in tesfreme specific aspect or concept.
Sweetser and Wyeth (2005) propose a gameflow muodéth consolidates the
interactions and contradictions among these thgorensisting of eight core
elements: concentration, challenge, skills, contgalals, feedback, immersion and

social.
M ethodology
This research involved students from the first @edond years of the Advanced

Diploma of Multimedia in the School of Creative usdries at Victoria University,

Australia.



The research was completed in five phases:

1. Sourcing and creation of research products

2. Product use

3. Focus group discussion

4. Administation of test

5. Analysis of data
All phases involved the application of the prinepl of Activity Theory and
triangulation of data. The Activity System descdhie this paper (see Fig. 3) is based
on Engestrom (2000) and Squire (2002).
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Figure 3: ACTIVITY SYSTEM for Bilby Project
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In Phase 1, a game was sourced and a quiz wasogedelThe game was sourced
from The Learning Federation, a federally fundedicational game-development
agency. Although simply constructethe Night of the Bilbgonforms to definitions

of interactive narrative previously discussed bwsea (2003), and Louchart and
Aylett (2004). The second educational productaditional interactive quiz-type was

then created to duplicate the factual content ®indrrative game.

Quantitative and qualitative data were collectedtfis research during Phases 2, 3
and 4. Quantitative data were generated by subjeat8cipating in one of two
computer-based learning activities, the effectigsnef which was subsequently
surveyed by the administration of a questionnagesisting of multiple choice and
open-ended questions. Qualitative data were celfleduring mediated focus group
discussions and through observation of participarise they were undertaking the

computer-based learning activities.



The research was designed with attention to theptaty of secondary contradictions
following Engestrom’s (1993) classification of pany and secondary contradictions
in Activity Systems; where primary contradictionse ahose that occur within a
component of a system; and secondary contradicewaghose that occur between
components of a system, for example: subject anmtegaoves; or learning outcomes,
subject and narrative structure (see Fig 3). InsBha two different games were
played by two groups of participants. The Activi§ystem allowed for three
component variables between the two games: the glagpehe narrative structure;

and the game moves, the other components remahmengame for both products.

In order to track the behaviour of the system’sti@ictions and to reveal how the
variable components both interact with and manifestlearning outcomes, this
research adapted Kaptelinin and Nardi’s, (1997)uitgtChecklist during the activity-
focussed data generation phase and in subsequaysianwith key attention to:
* The structure of the user's activities - how thmelay facilitates /constrains
successful learning outcomes;
* The structure of environment - integration of gadesign with narrative
elements, gameplay and game moves;
* The structure and dynamics of interaction —intéoactvith the information
and transformation through the game to knowledgesegia and

* Development - developmental transformation of congmds as a whole

Resear ch design

Two computer-based educational products, a gameaaqdiz, were administered
between 18 subjects. Each product contains the sdorenation about the behaviour
and habitat of the Australian bilby, however, thesesent their information in

differing ways. The products differ in their naivat content and in the sophistication
of their interactivity. The interactive game hag tiser playing the role of a bilby
searching for food, avoiding predators and eatmgugh during periods of nocturnal
activity to qualify for the task of finding sheltbefore sunrise. The quiz delivers this

same content as multiple-choice questions, anaudh there are many educational



products of this form being identified as ‘gamd®re is limited interactivity and no
narrative structure. The interactive game delivefgrmation via gameplay with the
pressure of achieving strategic goals in a limitiege. Text-based information is
delivered in response to user’s actions duringghame. The quiz is based on the
content-driven, test-teach-test method of educatidelivery. Players choose one of
four responses to a given question and then clibktton to check their answer. A
correct response receives a congratulatory staterirorrect responses generate a

statement explaining the correct answer.

Subjects were randomly divided into two groups, wede allocated either the quiz or
the game to complete individually. Upon completisabjects returned to their group
and participated in a focused discussion on thé&ipesand negative aspects of their
experience. Subjects have had some experiencesamplygame-based products and
were able to comment on user activity, the gameiremwment, the level of

interactivity, and interface design.

A test on bilby behaviour was subsequently admenest to the two group
approximately two hours after they had undertakengame activity, with subjects
identifying themselves as players of either thezgoi the game. Until this point
subjects were unaware that they were to be testedeogames’ factual content and at
no time had the opportunity to use the version thag not previously played, to
‘prepare’ for the test or even discuss their exgere undertaking the game or the

quiz.
The test consisted of 8 questions relating to médron delivered in both products.
The results of this test constitute the quantitatilata of this study, represented in

Table 1.

Qualitative data were collected from the discussioh the two groups, the whole

group discussion, and observation of subjects varifgaged in the activity phase.

Findings and Discussion



A two-sample 2 tailed t-Test with unequal variamugicated a significance value of
p=0.016 (see Table 1). A 95% confidence interval analys$ishe quantitative data
shows a significantly greater proportion of corranswers in the test from subjects

who played the game version over those who playedjtiz.

TYPE N MEAN STD DEVIATION
Quiz 9 5.78 1.39
Game 9 7.22 0.67

F Test p=0.052

T Test P=0.017

Table 1 : Data set for answers on Bilby Test

An F-Test indicates the variance in the score tedal the two educational products
were significantly different which indicates the qurement for considering

heteroscedastic 2 sample unequal variance inTestt-

Qualitative data also reveals that the level otsjedetail given in response to open-
ended non-multiple choice questions by the plapérthe interactive game was far

more comprehensive than those supplied by thergaEondents.

The players of the interactive game also more &atly responded to questions in
their own words, rather than reiterating auditorytextual information delivered in
the game. This was a particularly interesting omeogiven Lindley's (2005)
conclusion that during gameplay, “the performanicgame moves consumes most of
a player’'s cognitive resources.” and when comparét Scouller's (1996, 1998)
findings that students use surface learning stiegaghen engaged in multiple-choice

format activities.
The results obtained from this study show thatspite of the fact that the same

information was delivered, the different formatased subjects to employ different

strategies in order to complete each learning t&skce the multiple-choice tests
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required low-level cognitive processes, relying memorisation and short term
retention (Scouller, 1998), the improved retentidrinformation in subjects playing
the interactive game suggests that participatingarratological gameplay provides
deeper, more sustainable learning and skills neter({Biggs, 1999). The secondary
contradictions of the Activity System engaged ie tise of the interactive game
appear to effect learning outcomes because of timgraction with subjects’

approaches to learning.

Interestingly, and in contradiction to the analygiart of the qualitative data collected
included negative comments recorded in focus goisgussions, which indicated that
participants thought the engaging gameplay in tame product distracted from
learning information. One participant said thatsthiersion was “less educational”
than multiple-choice quiz games. Subjects thatgaaye interactive game indicated
that it was enjoyable to play and observation afigpants during Phase 2 indicated
that this group were more engaged in the actiigintthe group undertaking the quiz.
The patrticipants playing the game version were niecased, intent on successfully

playing the game and appeared to be having furedds w

Users of the quiz version reported positive aspast$o other distractions because of
simple design” and “informative and full of intetieg facts”. Users of the interactive
game described their version as “bright and funt lsalled for “more text

reinforcement”.

Subjects playing the quiz version reported negasispects including “insufficient
feedback” and “no enticement to continue”. Howevee, amount of informative fact-
based feedback was no greater in the game versian what these subjects
experienced in the quiz. What did differ was tha tnformation in the game was
delivered throughout the game environment and eeiefl by players having to revisit

specific information in the gameplay.
In spite of the perception within groups that thezgseemed to be more focused on
delivery of information, and that the game verswas fun and not so focused on

learning; it is observed from this study that l@agnoutcomes, as well as user
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engagement, are improved with the introduction arfrative elements and increased

interactivity.

Conclusions

Analysis of the learning outcomes in this studyvebd that by making computer
based training tools more dynamic and narrativeedrithe learning process was
indeed enhanced. The interactive game proved trhere effective educational tool
than the quiz. These results indicate that in cderpaided training better learning
outcomes can be achieved by designing productgdhaire users to apply increased
cognitive resources to the acquisition of informatithrough gameplay within a
narrative framework than through a focus on thgeiacontent. These findings were
interestingly at odds with the perceptions of thelg's participants who believed that

engaging in gameplay would conflict with educatiomatcomes.

The study indicates that increased interactivitgt aarrative structure in educational
games will improve learning outcomes. Integratioh game environments and
gameplay into learning products has the capacibetghten engagement for users and
foster deep learning. However, it should be noled tisability remains a crucial issue
in the development of any multimedia product. Thibjects of this study were
technically proficient multimedia consumers. Inettucational context designers must
ensure that the skill level of the user matchessti# requirements of the game.
However, as technical literacy in the general papoih increases we should expect to
see basic game moves become part of the learn@ndasd literacy toolbox. Indeed in

some demographics we should already assume tkas tho.

The heightened level of engagement, and narratweewship through gameplay
opens possibilities for computer games to beconiguentools for education and
training. Over the past decade, computer games Haa®me increasingly
sophisticated with the release of more complex petedthat draw more heavily on
concepts of immersive worlds, fictive blocks, imietive story and massive
multiplayer online communities. The educational gansector should be seriously

considering the further development and integradibtihese features as learning tools.
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This study explored the impact of narrative and galay elements on student
learning outcomes when computer games are usecias tools. The promising

initial results indicate that further investigatiamnto the design and development of
immersive training environments and an assessménth® optimal level of

interactivity and complexity of game moves for sictory learning outcomes should
occur. This study has indicated that deep learisngccessed by learners engaging
with content matter within a games-based narratioetext. This result suggests
exciting possibilities for future collaborationstlween the VET sector and game

design sectors.
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