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ABSTRACT
This work reviews several aspects of the growirsgagch field interested in video

games. First, the evolution of this media in thaicational field is discussed. Three
different fields interested in the cognitive impautaying of video games are reviewed:
abilities and skills, attitudes and motivation, Wiedge and content learning. However,
most studies used video games as new experimeiti@rials and tasks to contribute to
their specific field (i.e. attention and percepjioand not as a scientific object of interest
per se We claim that the research on video games ise&adnof a conceptual and

methodological framework in which results and efexould be compared, interpreted and
generalized. We argue that video games can havigpteutffects on players and that these
effects can be used as educational potentials.gireally-based classification of games,

depending on their potential effects for an edwcati purpose, is strongly needed.
Likewise, a unified research paradigm and methaletoto carry on reliable research on
video games has to be developed.
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In the last decades, video games have been ineghasippealing not only
as an entertainment for children and adults, bs @s an object of interest in
academic research. A large body of studies invatstl the potential of
information technology as tools for learning, armdtigularly of games specifically
designed for educational purposes. Recently, a iggpimterest has appeared for
the potential of mainstream games in educatioro(iout of the classroom). The
basic claim of this line of research is that videmgs may have beneficial
educational impacts (Prensky, 2005), but few erogirfindings reinforce this
assumption.

On the other hand, psychology and cognitive scen@search have
investigated the effect of video games on the piyfellowing two directions: A
first body of research aims at measuring the efédcplaying video-games on
cognitive abilities (perception, visual attentio@nd on development and
personality (particularly on aggressive behaviows)second body of research
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appeared recently within the theoretical framewofkthe multimedia learning
community, in which content-based video games amesidered as a particular
interactive multimedia instructional material. latb cases, the video game is used
as a particular task or material but its specifisitare not taken into consideration.
The effects of playing video games on cognitive pacteptual abilities, emotional
responses and knowledge acquisition emerged iditérature, but they remain
very disparate and inconsistent. Moreover, despimnal differences, the
psychology research never compared the effectiffefeht types of games on the
developed assessments. This paper will review relses from different fields of
cognitive studies involving video games in ordesstmw the actual interests, but
also the remaining lack of common paradigms.

Under standing the effects of playing video games

A problem with video game research, as often wittiormation
technologies, is the quick evolution of the medigrothe years. Video game
research is only a few decades old but meanwlsilebiject has changed a lot. As
Kirriemuir & McFarlane (2004) reminded, it is hai@compare an early text-based
adventure game with next generation high-definitimst-person shooters. Some
constitutive rules of games and their ability tdcbaour attention completely,
called “immersion” (MacMahan, 2003), can remain panable over the ages. But
the games that people play today have diversified avolved in numerous
directions. The change from penny arcade video gatmenetworked personal
consoles and home computers modified our relatiowirtual play. Advances in
game design and ergonomics also made game desupegps their products. The
market evolved from a limited and specialised pinegrmon to mass market
strategies. The way people play has changed, asiillishanging, an example is
the interest for mobile and casual gaming, or a#te-reality gaming (McGonigal,
2007). Therefore, if past research determined thenpial effects and use of video
games we still need to understand what in a gaménage an influence, and what
can be done to use a game in a given way. If gameschange the players this
change could be targeted on serious purposesdikeational ones.

Video games designed for learning

Games at large, without computers, have always bengly connected
to learning and education. Today, the literatur@uabtraditional games for
education rarefies in favour of its digital chillhe potential of video games for
education meets agreement of most scholars, asreed by several works on the
topic (Egenfeldt-Nielsen, 2005; Frété, 2002; Prgngk01).

From edutainement to the potential of mainstram gam

Educational video games started to be developedively early in the
computer science history. The obvious fascinatibryames and the power of
computers to handle rules, interactions and feddbked to a growing interest. In
the seventies, educational researchers and ganedogers started to investigate
the potential of video games for education. Thereggh was to develop games
that could teach contents or specific skills. le #ighties, the genres started to
diversify (Willis, Hovey, & Hovey, 1987). Educatiahadventure games began to
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spread (“Snooper Troops™® in 1982, for problem sajvor “Where in the world is
Carmen SanDiego”® in 1985 for geography). At themeaime, the later called
“edutainment” tittes came out. Based on behaviouajgproaches, these games
alternate educational challenges and basic reiefioeats (reward or punishment
feedbacks). The player is assumed to learn thronggletition of exercises
presented to the learner—player in a progressiwe With the video game market
growing through the eighties, the edutainment gdmreame dominant in the
educational video game world and pushed other tgpesf the market. Egenfeldt-
Nielsen (2005) argues that this growth was driveisiness and market interests
rather than by cognitive or educational principl@herefore, in the nineties,
educational games progressively loss their apgdeaparticular, the remaining
edutainment titles are now mostly targeted at yoamdypre-school children.

Recently, the education research community consii¢he educational
potential of video games with a renewed interegfe(ieldt-Nielsen, 2005; Gee,
2003; Prensky, 2001). In a sense, the decay ofaeuént titles left room for
researchers to reveal the need of thoughtful andviative educational games.
Nevertheless, the academic interest evolved anptadoday a different approach.
Instead of developing specific games for specdarting purposes, it investigates
the potential of mainstream games for educationrigdnuir & McFarlane, 2004).
They show that games developed at first solelyefttertainment purposes may
provide unexpected educational potentials. Fromlyams mainstream video
games, Gee (2003) picked out 36 principles of iegrwhich, he argues, are build
into good video games. These principles, such d8pteuroutes to progress or the
distribution of knowledge among artefacts, are netv to teachers but could
inspire education and reinforce contemporary legyheories. They also illustrate
quite strongly the complexity of what any video gaoan bring to the player. In
the same vein, Gentile & Gentile (2005) demonsthate several well recognised
learning techniques are present in violent videnem

Video games at school

Over the last decade, educational boards gradredljsed the importance
of computer literacy and informational technolodi@scontemporary education. A
number of studies have been commissioned, and \gd@wes have not be left
apart. McFarlane, Sparrowhawk, & Heald (2002) ledamye study in twelve
primary and secondary schools of the United Kingddire goal was to collect
data on the presence and use of video games iratialucTeachers, parents and
pupils were involved in the study and several typkgames were evaluated for
their use in classrooms. Their main conclusionstgangly in favour of a potential
for mainstream video games in education, and fumbes in classroom
environments. Video games embedded in larger eidnehtactivities can be very
powerful to involve children. Since games are gitmyed at home, they could
bridge the gap between home and school. Neverthaies all genres of games are
concerned, and their role should be to supporhiegractivities organized by the
teacher. The authors address some issues likeeth@ of accuracy in content:
consistency with reality, correct simulations ofepbmenon and accuracy of
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historical facts. Efficient information from the ma developers should also be
available for the interested teachers. Knowing nexactly what is involved in the
game; which contents are presented and how itftect ¢ghe player would help the
teachers to integrate video games in their classréd® noticed by Larose, Bédard,
Grenon, & Palm (2005), games not produced as dacoftware and calibrated
for school purposes will hardly be adopted by teaclho will not see their
potential usefulness. Understanding precisely tfffects and potentials of
mainstream games is currently needed in order talie to transfer them for
classroom use.

To sum up, McFarlane et al. (2002) distinguish eéhpetential uses of

video games in a classroom environment:

o0 Developing skills and abilitiesfrom specific skills like deductive
reasoning or memorization, to more contextual dikesco-operation
and communication skills, the authors draw up & di potential
developments through games, with integration iagstoom setting.
Video games change cognitive abilities and skills.

0 A stimulus for learningthe game sessions can be used as a starting
point for other activities such as creative writiag charts analysis.
Video games influence affective and motivationgleass.

o Content related learning this is possible but can be very peripheral.
Moreover, content in the game can be presentedvary different
way as it usually is in the classroom. Simulatioesiain the games
with the greatest potential to directly teach cottbut the accuracy of
their driving models has to be irreproachable amtrling activities
still need to be designed. Games allow direct kedgg and content
learning.

Different types of games

Any game will not necessary be suited to the teashabjective. To

choose the good one, it is necessary to classifyegan a number of categories.
Kirriemuir & McFarlane (2004) underline the absendéea standard categorisation
and chose, like Orwant (2000), the Herz system7),98 eight categories (action,
adventure, fighting, puzzle, role-playing, simuwat, sports and strategy games).
Other works on the educational potential of videongs are also categorising
video games (Egenfeldt-Nielsen, 2005; Frété, 2002Farlane et al., 2002;
Prensky, 2001, 2005). The classifications employey widely in the number of
categories and in their ability to differentiatengss. Nevertheless, an underlying
idea is common to all categorizations: the poténtifh video games varies
gualitatively and quantitatively according to tlypeé of games. A classification of
video games according to their educational potergiawaited by professionals.
As a first step, Larose et al. (2005) suggest alyais of a wide distribution of
games in order to make it possible for teachefftciently use them as tools in the
classroom. Kirriemuir & McFarlane (2004) ask for iawolvement of the game
development industry to better fit in the multiglenstrains of educational context.
Up to now, education researchers and practitioasrsstill waiting for a reliable
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and relevant classification of video games accgrdim their potential impact
regarding specific learning objectives.
Psychology and cognitive resear ch on video games
Studying the effects of video games, lead to asktwdimensions of the
game experience can affect cognitive abilities. tBen(2005) defined four
independent dimensions: amount, content, form aachanics. Thamountrefers
to the time spent playing video games and the &atiitplay. This leads to
considerations about video game addicti@uontent refers to effects of the
messages carried by the video games as a meddieStbout games having an
effect on behaviours, skills and attitudes typicalhter in this dimensiorkffects,
can be studied as negative, like violence and agiymeness change, or positive
like health promotion (Lieberman, 200Borm, refers to a kind of knowledge of
the media. For example, the constant need to $eascreen in action games could
improve some visual attention skills. Realism issage also contained in this
dimension.Mechanicsrefers to mechanical input-output devices useanénsion
in the game would be different depending on therfate, the results in effects or
learning could follow. Nevertheless, finer defiaits can always be found. Inside
of what Gentile (2005; Gentile & Stone, 2005) ealhtent, one could differentiate
the effects on several supplementary dimensionsgady enumerated from
educational research needs:
o0 Cognitive abilities and skills: work of researchémsperception and
attention (Green & Bavelier, 2003, 2006; GreenfieldWinstanley,
Kilpatrick, & Kaye, 1994; Kearney, 2005)
o Affective and motivational aspects: Like the cutremorks on
aggressiveness and hostility (Anderson & Bushm@012Durkin &
Barber, 2002) or motivational issues (Mortensel® ¥ ee, 2005).
o0 Knowledge and content learning: addressed by eiduehipsychology
studies (Mayer, Dow, & Mayer, 2003; Moreno & May2005; Sims
& Mayer, 2002).
Cognitive abilities and skills
In five experiments, Green & Bavelier (2003) assdssegular action
video game players with several tasks such as thekdr compatibility,
enumeration performance, attention over space #edtian over time. Regular
action video game players always performed bettéhese tests than non video
game players. The increase of performance seemgeédddby the activity of
playing an action video game, since in another exysat, a control group played
“tetris"® and the experimental group played “medihonor”® for ten days (one
hour a day). Afterwards, the experimental grougguered better at several of the
same tasks than the control group. Neverthelessthar studies, “tetris”® was
used as the experimental setting, and changesabserved. In two experiments,
Okagagi & Frensch (1994) asked students to playist® for half an hour a day
during twelve days. Their improvement at six spapierformance assessments
were measured, four of these tests were taken ftmmstandardized French,
Ekstrom, & Price (1963) battery. The results inthdaimprovement of mental
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rotation time and spatial visualization for “tetfis players. Important gender
differences, favouring males, were also obtainedamplex mental rotation tasks.
More recently, Sims & Mayer (2002) demonstrated #pecificity of spatial
expertise obtained by playing video games like rig&®. In their setting,
experienced “tetris"® players outperformed non-playat mental rotation tasks,
but not at a series of other spatial ability testsa second experiment, female
students played twelve one hour sessions of “t@trand showed the same gain
than control group on the spatial ability testseytconcluded that if a spatial
expertise can be gained by playing “tetris"®, ifikely very domain specific and
could concern only specific representations, (Heteis"® shapes).

Using different video games (“marble madness"® tioe experimental
group and “conjecture”® for control), Subrahmanyd&®94) reported some
improvements in the dynamic spatial reasoning tasli of eleven years old
children. The genre was an issue as boys benefited from the video game than
girls. But initial visual ability turned out to derimine the influence of the playing
sessions: participants highly skilled in spatiaglsening showed no gain with the
action game or the control game. However, low efiparticipants who played the
action game for three sessions of forty-five misus@nificantly improved at the
post test. The list of studies assessing diffecegnitive aspects of participants is
still long. The methodologies are rather comparathley either compare regular
video game player to non video game players onraktests, or they establish a
pre test-post test paradigm and ask participanggatp in between. Depending on
studies, control groups do not play or sometimey jal game considered to have
no influence. However, Green & Bavelier (2003) aksieeir control group to play
“tetris"® and obtained no effect with them, whilénf8 & Mayer (2002) found
effects of playing “tetris"®, both assessed pergapabilities.

If the methodologies themselves are solid, the iegibns differ. The
games and populations are rarely the same fronmdg 86 another and the duration
of playing sessions are also variable. Moreover,dbnclusions are not always in
favour of an improvement of the capacity for vidgone players. Genre and initial
abilities could be an issue but also certainlytiipee of video game involved in the
experiment. We listed here researches about péreeabilities; however other
abilities have to be integrated. Meta-cognitivelie$, for example, could play a
role (Veenman, 2005), as problem-solving tasks leeen investigated (Dempsey,
Rasmussen, & Lucassen, 1996). This growing bodyresiearch asks what
characteristics a game needs to be a factor inctemge of cognitive and
perceptual abilities. And this leads to the inveargerrogation, what can a given
game potentially change in the player’s cognitimd perceptual abilities?

Attitudes, aggressiveness and motivation

Studies investigating affect, mood, and even behssl change such as
the influence of video games on aggressiveneshasiility have been numerous.
Recently the American psychological associationgsdsa resolution on violence in
video games and interactive media (Wiliams & S&or2005), recognizing
multiple negative influence of these media on playespecially younger ones.
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This can be a very important issue since in 20@2p &f video games rated “
suitable for everyone” involved intentional violen¢Thompson & Hanninger,
2001). The social learning theory would predict @npotion of aggressive
tendencies through violent video games (Bandur8619But on the other hand,
the catharsis theory would predict a channellindgatdnt aggression in the player
(Feshbach & Singer, 1971), and therefore video gammild have a positive effect
on this dimension. Griffiths (1999) reviews tweffibyr studies using different
methodologies to examine the relationship betwddeovgames and aggression
(self-reported aggressiveness, experimental orreatenal studies). Only studies
using observation of very young children’s freeyploncluded to a potential
increase of aggressive behaviours. The authorwaiserlines the many different
types of video games and the difficulty to defimofence” and "aggressiveness”,
especially with the evolution of technical capdtef over the years. Another
larger meta-analysis across 54 studies, suggestgpldying violent video games
increases aggressive behaviour and several hpgétitors in children and young
adults, male or females (Anderson & Bushman, 200hge work of Anderson
(2000) moderate the results since initial hostiligit may influence the effect of
playing violent video games, but also found negatieffect on academic
performance of game play in general (not only viblgideo games). Gentile
(2004) also showed that adolescents more exposgitiéo game violence were
more hostile, got into more arguments and fightd parformed more poorly in
school. In a more recent meta-analysis on the tsffe€ violent video games,
Ferguson (2007) shows a publication bias (studies/ing effects or not can rarely
be published in the same journals). Moreover, stidising less standardized
measures of aggression showed more effects. Itomasluded that the current
literature on the subject is not strong and rediabhough to show an effect of
violent video games on aggressive behaviour.

Goldstein (2005) critically reviews the literatuabout video games and
aggression. He asks why and how people play violefgo games as no one is
forced to, except in a laboratory. The effectsidew games on emotional aspects
are clearer day by day. The studies presentedrbéze mostly to aggressiveness
and hostility changes, but motivational aspectsianeistment are also to take into
account. Like motivation of play (Yee, 2005), vidgame addiction (Griffiths &
Hunt, 1998), the flow of optimal experience (Csistmihalyi, 1992; Kiili, 2005),
feeling of presence and immersion (Lombard & Dift@f00; Witmer & Singer,
1998) or emotional appraisal (Van Reekum et alQ420What makes someone
play and keep playing and how it influences motorad and investment for other
activities, is a strong question asked today.

Knowledge and content learning

Psychological research on learning and compreherfston multimedia
contents is an active research domain (Mayer, 2008tsky, Bauer-Morrison, &
Bétrancourt, 2000). Recently multimedia research begun to focus on more
interactive devices, though the attempts to ingesti the effects of the video game
media are scarce. Moreno & Mayer (2005) asked gellstudents to play an
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interactive multimedia game designed to teach hataDifferent learning
conditions were proposed and the study underlihedrhportance of guidance for
retention and transfer of learned knowledge. Rasiispects of interactivity were
found but on specific conditions. The game used wagpuizz-like multimedia
simulation and could more be compared to an edutain product than an actual
mainstream video game.

In order to study the learning potential of ganiigber, Tzeng & Tribble
(2004) used a computer-based interactive simulatioteach Newton laws to
adults. Delivery features like the modality of fbadks (animated graphics or
numeric displays) or the presence of brief multimedxplanation were
experimentally investigated. Results are in favofirgraphical feedbacks and
explanations to improve comprehension and retendiothe material. Rieber &
Matzko (2001) present several simulations as detsvito learn physics. They
discuss the importance of “serious play” as a degial for active and meaningful
engagement by the students. They show that withhmltimedia explanations, the
content from the game is not remembered. If thésdies are very valuable and
add to the understanding of the field, they arereatly using games. They start
from the multimedia learning field, and often adteractivity as a new dimension.
Video games developed for educational purpose dnstmieam games are not
simply interactive multimedia explanations.

Roadmap for the research on cognitive effects of video games

In summary, we identified three trends in the ctigairesearch on video
games according to the dimensions beyond the scopeitive abilities and skills,
affective and motivational aspects, knowledge aodtent learning. In most of
these studies, video games are considered as jmgmisw materials or tasks that
can foster knowledge of the dimension under ingasittn. However, they do not
consider video games as scientific objects of @stieand consequently, they do not
intend to contribute to the general understandinthe cognitive impact of video
games at large. Moreover, the research that miesrrelate video game play and
specific abilities and skills (i.e. attentional amiduo-spatial abilities) is facing a
methodological problem, since it is difficult toséntangle which affects the other:
Is the specific ability promoted through extenspiay, or conversely, is the
extensive play caused by the player being highigability?

To circumvent this bottleneck, we propose a roadfoaghe research on
the cognitive impact of video games. Up to now, mok the literature has
investigated to what extent a given ability, skithowledge, is influenced by
playing video games. We propose the opposite apprdan the basis of previous
research, we should identify the cognitive, affectaind representational impact of
a given video game. Two major moves are necessary:

First, the research needs a clear state of therarthe cognitive and
affective impacts of video game, in order to idgmtvhich game has been shown
to act on each specific dimension. Second, therfgedshould then be empirically
assessed through large-scales statistical studetsmall-scale experiments. The
large-scales studies will consist in investigatihg level of abilities of regular
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players of the selected games on the specific difoas, to assess the existence of

a correlative link. The small-scale experiments| wifaluate the evolution of a

given ability, skill or knowledge of participantat are asked to play the game

regularly.
We claim that the resulting multidimensional catégation will constitute

a framework for systematically investigating whitfpe of game may have a

cognitive effect that can promote the developmérahilities, skill or knowledge.

As Gentile (2005) claimed, one clear improvemerit e to move beyond the

public and scientific dichotomous view on video gasmseen agood or bad Of

course, this categorization would not provide aatigto-use” manual for using
video games in school. After the cognitive reseasbesses the actual impact on
processes and representations, the education ckseilrstill have to identify the
best educational setting to turn a potential im@etual effect.
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