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Are educational computer micro-games engaging and
effective for knowledge acquisition at high-schools? A

guasi-experimental study

Abstract

Curricular schooling can benefit from the usagedicational computer games, but it is
difficult to integrate them in the formal schoolisgstem. Here, we investigate one possible
approach to this integration, which capitalizesisimg a micro-game that can be played with
a teacher’s guidance as a supplement after aitnaalitexpository lecture followed by a
debriefing. The game’s purpose is to reinforce iategrate part of the knowledge learnt
during the lecture. We investigated feasibilitytlois approach in a quasi-experimental study
in 70 minutes long seminars on the topic of anil@atning at 5 classes at 4 different high-
schools in the Czech Republic. Each class waselivid two groups randomly. After an
expository lecture, the game-group played a gariedc@rbis Pictus Bestialis while the
control group received an extra lecture that usediaarich materials. The time allotment was
the same in both groups. We investigated the imate@dind one month delayed effects of the
game on students’ knowledge reinforced and integray the game as well as on knowledge
learnt during the expository lecture mdt strengthened by the game. We also investigated
students’ overall appeal towards the seminar anpldtceived educational value. Data from
100 students were analysed. The results showed}tia¢ game-playing is comparable to the
traditional form of teaching concerning immediat®Wledge gains and has a significant
medium positive effect size regarding retentionthieg) game-playing is not detrimental to

information transmitted in the expository lecturé hot strengthened by the game, c)
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perceived educational value and the overall appegt high in the game group, nevertheless
the perceived educational value was slightly loiwghe game group comparing to the
traditional group. Our results suggest that theppsed approach of harnessing educational

computer games at high-schools is promising.

Keywords

interactive learning environments; multimedia/hypedia systems; simulations; secondary

education; applications in subject areas

1. Introduction

Nowadays, educational computer games, also catleous games, are used in multiple
fields, including military training, medical and lgic health training, rehabilitation, and
foreign language practising (e.g., de Freitas, 200@ny have argued that they could also
support classical curricular schooling. In term®8tfom’s taxonomy of learning outcomes
(Bloom, 1956), the main arguments of the proponeht®mputer games based learning
concentrates on cognitive and affective elemenith Yéspect to the affective domain, some
argue that playing computer games, as a part oicalar teaching, can substantially increase
motivation of learners (e.g. Barab et al., 2005yiKmuir & McFarlane, 2004). This claim is
often supported by the fact that computer gameasgames in general, creamgrinsic
motivation through fantasy, control, challenge,jasity, and competition and/or cooperation
(Cordova & Lepper, 1996; Malone, 1981). Concerrimgcognitive domain, the main
proposal is that employing computer games, andaaotee digital simulations, as educational
tools may help for developing advanced knowledgkskills, and generating deeper
understanding of certain key principles of givepits, mainly when dealing with

complicated and multifaceted issues that are lmodinprehend through factual knowledge

Page: 4



only. Complex computer games immerse players mard stimulating environments, allow
them to explore numerous strategies for actiondmuision, and require them to complete
demanding tasks with increasingly difficult objeets (Facer et al., 2007). Thus, they could
help the learners to acquire mental models of cmagld processes. Immersive learning
environments created by games and simulationshalge the potential to engage students in
scientific practise (e.g., Rivers & Vockell, 1984tkin, 2004; Squire & Jan, 2007; Nilsson &
Svingby, 2009). Additionally, complex games coutdmote general problem-solving skills,
goal-oriented behaviour, and, in cases of multiglagames, social networking (Gee, 2003;
de Freitas, 2006; Squire, 2005; Sandford et aQ720Computer games could also help to
develop strategic thinking, group decision-makisugg other higher cognitive skills (Arnseth,
2006; de Freitas, 2006). Unfortunately, these dddmawve not been supported by sufficient
empirical findings in the context of curricular @dtion. Only a limited number of empirical
studies exist and some of them presented mixedts€as will be reviewed below in more

detail).

One important issue reported repeatedly is thagnation of an educational computer game
with formal schooling environment is difficult, argbly more difficult than in many other
contexts, e.g. in workplace. In general, educatioamputer games pose new challenges for
the educational system (e.g., Egenfeldt-Nielsef528grensen et al., 2007; Becker, 2008;
Sisler & Brom, 2008). Many practical barriers foeir integration exist, ranging from the
unintelligibility of interfaces and game rules fayme teachers and non-players, to a lack of
access to equipment, e.g. up-to-date video cardsrriers posed by fixed lesson times (e.g.,
Squire, 2004; Egenfeldt-Nielsen, 2005; Sisler &mBr@008; Klopfer, 2008; Ketelhut &
Schifter, 2011). Therefore, researchers and desdrave been investigating various

approaches to include educational computer gamegiriar curricula at schools.
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In the present study, we investigate one appro&aicorporating a computer game into
curricular education and we assess its effectiveriegending the older idea of computer-
based simulations (e.g., Lee, 1999), this appreagpitalizes on using a computer micro-game
that can be played with a teacher’s guidance applement after a traditional expository
lecture and then followed by a short debriefing. #ééne operationally micro-games as
relatively simple computer games that do not regspecial skills to play and that challenge
players with clearly defined goals reachable withinutes or tens of minutes of game-play.
Moreover, the learning is an integral part of theeymjg and vice versa as opposed to the
classical “drill-and-practice” edutainment softwafée educational objective of such micro-
game, in our type of usage, isreanforceandintegrate(in terms of Thomas & Hooper, 1991)
part of the knowledge learnt in the expositoryueet Thus, this approach focuses on
acquisition of the core knowledge of a particutait as opposed to facilitating high-level

skills like communication abilities or scientificgblem solving skills.

We chose high-school students as the target awgl@nce this is arguably the most ignored
segment concerning educational gamé&sti{p12™ grade in the US system). Only few
educational computer games, or instructional coerpodsed simulations, have been
developed for high-school students. For instancée review of Lee (1999) surveying 19
comparative studies of effectiveness of “computeseal instructional simulations,” only 5
were targeted at high-school audience; and of 8empirical research articles on
effectiveness of computer as well as non-compuitstructional games” reviewed by Hays
(2005), only 4 were intended fully or partly foghischool students or students of that age.
This is in line with observations of Egenfeldt-Nieh (2005; p. 93) that general edutainment
is strongest in pre-school and early-school aned o Rieber (1996) that games have the

greatest acceptance in the early grades but tea@rat parents’ interest in their use declines
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in middle and secondary schools (but see also eieaBr 2006). Moreover, adolescents are
more difficult to engage in school learning anddeauto motivate than younger children (e.g.
Eccles & Midgley, 1989; cited from PapastergiouQ20 Recently, a few studies regarding
learning outcome of educational games for high-scktudents have been published; the

most relevant of them for our study will be revienzelow.

To assess the effectiveness of our approach, wedtated several hypotheses related to
knowledge gain as well as to several affectivealdes. We now proceed with a review of
general findings from older literature on gamingutricular education based on which we
formulated our approach and the hypotheses. Therontinue with review of recent studies
on integration of computer games in the formal stihg systems, focussing predominantly
at high-schools and quantitative outcomes. Sinyilarl(Randel et al., 1992), we exclude from
our present interest business games since thegtdmwer traditional high-school subjects
(see Faria, 2001 for a review). We also do notudis¢drill-and-practise” and “quiz-based”
software here (see, e.g., Niemiec & Walberg, 188&fastergiou, 2009) as it is not part of our

definition of micro-game. After the reviews, wermduce hypotheses for the present study.

2. Background to the study

2.1 General findings from older reviews of educational game
studies

The effectiveness of game-based activities in thidaular education (and elsewhere) has
been already studied in past. The most relevantitaes for present purposes are non-
computer experiential simulations, interactive @igsimulations and educational computer

games. Are these activities effective?
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General reviews of studies comparing instructiafigctiveness of games to more
conventional form of instruction reported mixeduits (e.g., Randel et al., 1992; Hays,
2005). The main conclusions of these two revieweslaat a) in most studies investigating
motivation, learners reported more interest in $aton/game activities than in the
conventional instruction but that this is not naseesy linked with better learning; b) in
studies investigating cognitive performahaamediately or shortly after the treatment, games
were usually at least as effective as other kiridsstruction but only rarely better (Randel et
al. presents more optimistic picture than Hays @nthat games can be detrimental to
learning if they do not include instructional supgp®lays, 2005; p. 47). These reviews also
included information from earlier reviews of comgiare studies of simulation gaming, that
is, mostly of experiential, non-computer gamesrfi?ei977; Bredmeier & Greenblat, 1981;

Dorn, 1989). Conclusions of the older reviews wsnailar.

Concerning long lasting effects of the game-basaching on cognitive performance,
information about retention is more useful thaminfation about the immediate effect. In
this regard, Pierfy (1977) made one interestingfp@imulation games might improve
retention, as measured by delayed post-tests,tddbpt no immediate effect is found. Eleven
studies surveyed by Pierfy assessed retentiohgskt eight showed retention significantly
better with a simulation/game and three showediffierence (cited from Bredmeier &
Greenblatt, 1981). More recently, retention hashe@n investigated much, though Randel et

al. (1992) added little additional evidence to supghe Pierfy’s point.

Note that studies investigated whether playingrowe various cognitive abilities, ranging from g
level skills to mastering core knowledge of a aufir topic. The term “cognitive performance” iedshere as

an umbrella term covering all of these.
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In a review on “computer-based instructional sirtiatss,” Lee (1999) reports that students
using a simulation generally outperformed studéwoi®s the control group in terms of
“academic achievements,” particularly when the $ation was supplemented by expository
information. It is impossible to determine with @@nty from the Lee’s review whether the
achievements were measured by immediate or defaystetests, but the former is more
probable. Five studies surveyed by Lee also ingattd students’ attitude. Students showed
negative or very little preference to simulationbjch does not accord well with the findings

mentioned above.

Additionally, debriefing is known to be an importghase in using simulation games (e.g.,
Peter & Vissers, 2004) and some suggest that uldhae also used in computer games
instructional programs (e.g., Hays, 2005). Findlhgre is evidence that minimal or no
guidance is problematic in general (e.g. Riversdckel, 1987; Kirschner et al., 2006; Tobias

& Fletcher, 2007).

Thus, based on the older literature, we can coedhbdt when constructing an instructional
approach to using educational computer games hidulgools, a promising model can be a)

to include also other instructional support, iceuse the game as a supplement rather than the
main or even stand-alone activity, and b) to ineldebriefing. We can expect that learners

will demonstrate higher knowledge gain in retentiests, but not necessarily immediately
after the lesson. However, the data on retentierimnited. We may also speculate that
students may demonstrate higher overall appealrttssthe course including a computer

game-playing activity, but this is also not vergan.

Does this picture accord well with more recent iingd on educational computer games?
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2.2 Integration and effectiveness of modern computer games in
curricular education

As already said, researchers and designers handrbasstigating various approaches to
integration of modern educational computer gamesinols. A common starting point is
development of a game tailored directly for thepmses of curricular schooling as opposed to
entertainment, as it turned out that usage of comialeentertainment off-the-shelf games
(COTS) for teaching and learning is particularlglematic (Squire, 2004; Egenfeldt-

Nielsen, 2005; but see also de Freitas, 2006).

One possible integration strategy is to desigrnvarsé hours or days long seminar with
various activities organised around playing the galny-passing the problem with fixed
lesson duration. At least two high-school oriergatpirical studies (Buch & Egenfeldt-
Nielsen, 2006; Brom et al., 2010) suggested thatapproach is promising, reporting that
students demonstrated positive attitudes towarlgdme and that the majority of players
claimed that they learned more or at least as rasdhey usually did. However, both studies

were uncontrolled and did not investigate realieagy outcomes.

Other method is to employ PDA devices dedicategt tmame-based classes, by-passing
problems with a computer lab. A prominent propordadrhis approach is Klopfer (see
Klopfer, 2008, for a summary). While most result$is team are promising both in affective
and cognitive terms and produced valuable insightsactions, strategies and learning forms
taken and/or developed by the players, and alsowhiat students can actually learn from the
games, he generally employs uncontrolled designemtito use descriptive reports in his

studies (see also Barab et al., 2007; Squire &2a0i/; Nilsson & Svingby, 2009 for other
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similar studies). It is important to complement lgaéive findings with quantitative outcomes

of controlled studies.

Yet other possibility is designing a game as a hptag activity (see again Brom et al., 2010)
or out-of-school activity (e.g., Rosenbaum et2007; Wrzesien et al., 2010; Huizenga et al.,
2009). The latter three studies employed both tatale and qualitative measures, but only
the second and the third were controlled. Concegrtiie affective domain, the first and the
second study reported positive results while tivel thne mixed results, most likely due to
technical problems (this was a mobile game reqgiaicomplex technology). Concerning the
cognitive domain, all studies reported some le@ygains, but in the second one, the game-
based activity did not present statistically sigraiht differences with the traditional type of
class, and in the third, it did, but the contrad@g received a shorter treatment than the
experimental group. The first two studies did mveistigate retention, the third employed

one-week post-test but no immediate post-test @hga, personal communicatfpn

Finally, one can employ micro-games. The main lolgaind this approach is that they can be
played easily on older school computers within sthessons with fixed duration and that
their game-play can be designed easily to matds péathe curriculum. Descriptive studies

of Wilensky’s team of various simulations develojpgd\etlogo modelling toolkit

(Wilensky, 1999) suggest that this approach is o (e.g., Wilensky & Novak, 2010).
Annetta et al. (2009) investigated a high-scho@roigame on genetics and found significant
increase in students’ level of engagement whilerfating with the game but no learning

effect comparing to the control group receivingalggenetics instruction. loannidou et al.

2 An e-mail from 28 September 2010.
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(2010) investigated a collaborative micro-gameleckicollective simulation” in that work,

on the topic of cardiopulmonary system. Learninggaere statistically significant in favour
of the game group, but only on a subset of questioat were arguably mostly related to the
game activities, as opposed to the rest of thetigunss on which only negligible positive

effect was found. The rest of the questions walié¢cted from various conventional
assessments” (p. 158) and therefore may have waysaltested what the game taught. These
studies focused on short-term effects of the gae@s, Annetta et al. (2009) administered
questionnaires 4 days after the treatment (persmmaimunicatior)). Finally, Wong et al.
(2007) investigated a game on physiology conceptaridergraduate college students. There
was knowledge gain when comparing the game grotipaviext-only group in the immediate
post-test as well as in the follow-up test one wlagdr. Results also favoured the game group
comparing to the text-only group with respect teesal motivational variables. Wong et al.’s
study was the only one we were able to find thalieitly investigated also retention, except
of the several studies from seventies mentionetthéyeviews above and the study of a
complex COTS game used in a several weeks long;dtgool history seminar (Egenfieldt-
Nielsen, 2005), which found no gain comparing @ ¢bntrol group in the immediate post-

test but a small gain in the five month follow-@st

Thus, the findings are, more or less, in line wiité older findings on more general
educational game-based activities; a) educatiarmalptiter games seem to be motivating
enough when technical problem are overcame, bestadlemonstrate some knowledge

gains, but in controlled studies, the games arg sminetimes more effective than other forms

3 An e-mail from 38 October 2010.
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of instruction if measured immediately or shortfieathe treatment. Additionally, c) the data
on retention are thin. The study of loannidou e{2010) further suggests that d) the
effectiveness in the cognitive domain may depend/ioether we measure knowledge directly
taught by the game as opposed to more general kdge] e.g. to which students are exposed

in the supplementary lecture (in fact, this poshot very surprising).

3. Research questions

Based on the abovementioned findings, we set fl@ving hypotheses for our present study:

1) The game will be at least as effective as ti@uoll instruction concerning the gain of
knowledge that the game is supposed to reinfordardagrate, if measured immediately after

the exposure.

2) The reinforced and integrated knowledge wilrétained better by the game group.

3) The game will not be detrimental to knowledgat thas transmitted by the expository

lecture but not reinforced and integrated by thmganeither immediately nor later.

4) The course with the game will be more engadnaq the lecture-only course.

We focus on quantitative outcomes as we are maitgyested in the overall effectiveness of
the game. It would be also interesting to inveségaw students learn from the game and
what is the difference between students’ learntglgs when exposed to the game versus

traditional instruction (using more qualitative apgch), but this is out of our present scope.

Even though we make no explicit hypothesis reggrdender differences, we also analyse
our data with respect to gender. Such analysidbeas only rarely performed in the past even
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though the issue of possibly different impact afietional games on boys and girls is

important. Thus, our analysis can serve as a loadathire studies.

To test these hypotheses, we have developed &gtayer micro-game called Orbis Pictus
Bestialis on the topic of animal learning. Thisitois part of the Czech national curricula, but
it is notoriously known as difficult. In fact, tlgame is part of a larger project on development
(and/or translation to Czech) of educational corapgames for high-school students. One
long-term goal of this project is to pinpoint desjyinciples contributing most to success of
educational computer games (in the context of s#sgreducation). Thus, this study can be

regarded as a first step towards achieving thig gaailot study.

As some past reviews of educational game-basedtagicomplained that the activity being
studied is not described in sufficient detail (s=g,, VanSickle, 1986, p. 247; Hays, 2005, p.
48), complicating drawing more general conclusionsaking it impossible to conduct a

rigor meta-analysis, we now proceed with a detadestription of our game.

4. Orbis Pictus Bestialis: Game description

The micro-game Orbis Pictus Bestialis (OPB) hasluissigned to reinforce and integrate (in
terms of Thomas & Hooper, 1991) part of the knogktearnt in the expository formal
instruction. Thus, the traditional lectyskisthe game should be viewed as a unit; the game is

not a stand-alone activity.

The educational objective of this unit is to teatidents basics of ethology, behaviourism,
and animal learning. Part of this topic is so-a@hflesitive reinforcement learningvhich is a
method frequently used to train real animals. Tamegper seallows students to explore

major phenomena of positive reinforcement learniogpractice basic training techniques
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such as behaviour capturing, shaping, and chaamalgto learn how to use a clicker during
the training. Thus, the game has been designegirttorce and integratiis knowledge, but

not other more general knowledge taught durindebeire (see Appendix A for details).

OPB is a single-player game and it has three lelrelsach level, the student has to train an
animal to perform a task; namely to train a dogiwgwne front leg on a verbal stimulus, to
train a lemur entering into a transportation bod elosing the door behind it, and to train a

parrot speaking. Only the first level is employedhis study.

Each virtual animal is underpinned by a biologig@llausible behavioural model developed
with experts on animal learning, and the courdsearing of the animals reproduces
qualitatively the course of learning of their realinterparts. The model is based on Q-
learning (Watkins, 1989), which is a well-known rhime learning algorithm. The model
exhibits various basic learning phenomena, sudbrgstting and sensitiveness to timing of
reward (but some advanced phenomena are not madelieh as consequences of various
kinds of reward scheduling). The animal’s stateegesented by real-valued variables,
offering a player a large state-space for explomatihe learning happens in real time and it is

often quicker than it would be in reality (due &batively short time allocated for the play).

In the first level, a player interacts with a dolgigh spontaneously performs several different
actions; wagging the tail, barking etc (Fig. 1)eTplayer can present seven stimuli to the dog
by pressing buttons: giving a food, producing ansbwith a clicker, touching the dog’s front
paw by the trainer’s hand, raising the trainer’sdhto three different positions in front of the
dog, saying the word “PAC”. In general, any actp@amformed by the dog can be reinforced.
As a consequence, the probability of this actiolhingrease - this is operant conditioning.
Additionally, a stimulus can be associated withthepostimulus - this is classical
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conditioning - or an action can be brought undstiraulus’ control, i.e. performed by the dog
only after the presence of the stimulus. An impdrfzart of the game is the usage of the
clicker. The clicker makes it possible to preciselgrk the end of the desired action. In this
respect the clicker is superior to the food. Howelsefore the clicker can be used, its sound

should be associated with the food.

Two training methods can be practiced within thstfgame’s level: capturing and shaping.
Capturing: the trainer waits until the dog produttesdesired action; after the action has been
completed, the trainer reinforces the action eibhyegiving the food or by using the clicker.
Shaping: sometimes the desired behaviour is sonumom that the dog never exhibits it
spontaneously. In this case the player can rewalnd\nours which are similar to the desired
behaviour and which spontaneously occur with aorasle frequency. As the training

proceeds, the player gradually increases requirtsrienthe animal.

The goal of the student is to train the dog wawing front leg on a verbal stimulus. In this
task, the student practices the following prin@pl®rming an association between stimuli,
capturing behaviour, shaping behaviour, bringiniga&ur under a stimulus control, timing
of rewards and using the clicker during trainingeToptimal course of the training is as

follows:

1) Teaching the dog that a certain sound (the cligiexgedes the reward (food; this is the
formation of association between two stimuli - FAy.

2) Rewarding the dog when the trainer’s hand toudisgsaiw.

3) Holding the hand slightly above the dog’s paw asslarding the contact of the hand and
the paw (players capture the dog’s behaviour aswlaet until the dog performs the
action).
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4) Raising the hand increasingly higher, forcing tbg tb raise its paw higher (the shaping
process — Fig. 3).

5) Holding the hand so high up that the dog cannathré@avhen sitting, and rewarding the
exact instant (by the clicker) when the paw isha desired height just before the dog starts
jumping (the clicker terminates the behaviour,dbg learns that lifting its paw is
rewarded, not the contact between its paw and#nmet’s hand - Fig. 4).

6) Pronouncing the verbal command just before raithieghand (bringing behaviour under
stimulus control — Fig.5).

7) Pronouncing the verbal command without raisinghéued (this is a continuation of the

preceding point; the dog should lift up its paweathe player says the verbal command

only).

An expert can teach the virtual dog this task iowtb minutes. The challenge is that exact
sequence of steps is not given (due to the plaustonputational model of learning). It is
necessary to repeat most of the steps several, tsfoetimes regressing a step or two back.
The dog exhibits the tendency to perform not therdd action but a similar one that is
simpler. The first step of the training proceduraye performed later on. Many sidewalks
are possible; for instance, a student can teactidgevagging the tail on a stimulus. Timing
of the reward is crucial. With repeatedly wronghfercing actions, the student can confuse
the dog so that it will be almost impossible tadinthe task any more (as is the case in

reality).

From the theoretical perspective, the importanhpisi that the internal state of the dog is not
visible to the player. The only feedback the playets is the actions the dog performs. While

this limited feedback may be disputable from theigg perspective (cf. Malone, 1981), it
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plausibly models what kind of feedback the studemtild get in reality. Teachers’ guidance

is important for this reason.

--- Insert Figure 1 about here ---

--- Insert Figure 2 about here ---

--- Insert Figure 3 about here ---

--- Insert Figure 4 about here ---

--- Insert Figure 5 about here ---

4.1 Related work

Educational computer games, simulations and simouktased activities on a biological topic
are few comparing e.g. to games for teaching magihgsics (see, e.g., the reviews of Randel
et al., 1992; Hays, 2005 for exact numbers). Madbgical games/simulations address the
topic of population modelling and/or predator-poggles (e.g., Lutterschmidt & Schaefer,
1997), genetics and/or evolutionary theory (e.iweR & Vockel, 1987; Church & Hand,
1992; Klopfer, 2008; Wilensky & Novak, 2010; Anreetit al., 2009), plant biology (e.g.,
Rivers & Vockel, 1987; Mikropoulos & al., 2003), ygiology (e.g., Wong et al., 2007;
loannidou et al., 2010), disease spreading (e gpfi€t, 2008), or virtual dissections (e.g.,

Akpan, 2001).
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We were able to identify only two computer gamesigations on the topic of animal
learning: Pavlov’'s Dog (NBP, 2001) and Sniffy (Adlay et al., 2005). The former one is a
simple Flash game on the topic of classical cooulitig only, tailored for primary school
audience. In this game, learning seems to be amtgted, that is, there is most likely no
underlying model and all the reactions are prepsed giving us a simple state space that can
be described by a finite-state machine. On therdtaed, Sniffy is a complex simulation of a
rat behaviour that models more learning phenomesia ©PB and is mainly suitable for
advanced high-school and university courses. O&88ifi between these two applications in
terms of complexity; it is most suitable for regutéology classes at high-schools or middle-
schools. Additionally, in OPB, the animals are mienally situated in environments familiar
to students, e.g. in a zoo or in home, and theypairgg taught tasks the students may already
know about. Contrary, in Sniffy, the rat is tauglkperimental tasks in a laboratory
environment. Because of the unfamiliarity of thani@xt to most high-school students and
because of the complexity of the Sniffy’s userifaee, we speculate that using Sniffy in
regular high-school class may increase studentgiitioe load too much, especially should
Sniffy be used only over a short period, e.g. 20utas. Besides Sniffy and Pavlov’s Dog,
several commercial games on the topic of anima eaists (e.g., Nintendogs, World of Zo0),
but they feature none or very limited learning, ethinakes them unsuitable for purposes of

teaching the topic of animal learning.

Most of the abovementioned games/simulations wetevaluated using controlled design
with retention tests. Of interest is here a studgnheman & Knowles, 2005) of benefits of
using Sniffy in an undergraduate course as a saoppital teaching tool to present schedules
of reinforcement in operant conditioning (whichais advanced subtopic of animal learning,

see, e.g., Blackham, 1974). The experimental goatperformed the control group in the
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cognitive domain. Because students used the sionlas homework during the term, post-
tests most likely measuredtainedknowledge. This adds additional merit to our selcon

hypothesis.

5. Method

5.1 Experimental design

The study compares a teaching session consisbngdn expository lecture followed by an
educational micro-game on animal learning (gamem@yragainst a teaching session
consisting from the same expository lecture folldg another lecture that used media-rich
materials (traditional group). The game as wethasadditional lecture was aimed at
reinforcing and integrating part of knowledge I¢amthe introductory lecture. Thus, the
objective of the additional lecture in the traditb group was the same as the objective of the

game (see Section 5.3 for details).

The study was set in five classes in four high-sthm cities of Prague and Kladno in the
Czech Republic. At high-schools in the Czech Reapuhlis typical that theoretical lectures
are supplemented by practical seminars; oftensoheol hour (45 minutes) is devoted to the
theoretical part and another (45 minutes) to tlaefme. The two school hours are often
consecutive. The study took place within such 90utas long block. To avoid practise effect
and cueing of students on what should be remempereedmployed post-tests only design
(see e.g. Egenfeldt-Nielsen, 2005 for a similaigiesee also Randel et al., 1992; Judd et al.,
1991). Importantly, we administered not only an iedate post-test but also one month
delayed post-test. The time allotment was, bothifergame and the traditional groups, as

follows:
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* 5 minutes: introduction, explaining the purposéhef study (without mentioning the

hypotheses);

* 40 minutes: a theoretical lecture;

» 20 minutes: either interaction with the game witl teacher’s guidance (game group),

or an extra lecture (traditional group);

* 5 minutes: debriefing; in both groups;

20 minutes: a post-questionnaire; in both groups.

Fig. 6 outlines the experimental design.

To control for the lesson’s content, all lessonsengven by the same person, namely the first
author of this paper (C.B.), who is well familiaitiwthe topic of animal learning. Another
experimenter (M.P.) responsible for the technieat nstallation of the game etc.) and one

regular teacher of the respective class were ptésen

The retention post-test was administered in bagictintrol and the treatment groups as part
of a regular lesson (this took about 15 minutebp Jtudents were not informed in advance

about the retention post-test.

Some authors (e.g., Hays, 2005, p. 48) finddbfgmatic when main authors of a game evaluate thei
own product. We tried to address these concerrsnidin authors of OPB are the second author gidper
(M.P.) and another person that was not involvetthénresearch part. The lecture was given by C.8 tlam data

analysis conducted by D.K., whose contributionthtogame design was only modest.
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--- Insert Figure 6 about here ---

5.2 Participants

Together, we recruited four high-school classeRrague and one in Kladno, the Czech
Republic. Every class was divided to the game hadraditional group on a random basis.
However, the teacher in the Kladno’s class pretetihat the part that should have served as
the traditional group should receive the treatnfeat the game) as well. Though this was an
encouraging moment, we did not include this claghe present paper. Additionally, we
excluded from the evaluation 17 students that leadimished either the immediate or the

retention post-test.

Thus, we analysed data from 100 students fromssekafrom 3 high-schools, all of which
were located in Prague, the Czech Republic. Thebeusrof students according to gender,
school/class and intervention are presented ineTabAll the classes are from high-schools
that are rated as “above average” by the Czechdbtspectorate The two groups were
similar in the distribution of gender (Table 1). dticipate, the results also shown that the
groups were similar in the age as well as in ollegraphical variables related to their

computer literate (Table 2). Thus, we have a nethtihomogenous sample of students.

--- Insert Table 1 about here ---

° The schools were rated in 2009 (School A), 2@Edh6ol B), and 2008 (School C); www.csicr.cz,

accessed 17.7.2010.
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5.3 Materials

The general aim was to compare a micro-game agamnektra lecture that has a traditional
format. Though the situation is changing in the €@zRepublic, most lectures at high-schools
are still given by means of the traditional frontathod using chalk and blackboard. To
avoid the effect of mere multi-media exposure, weided to supplement all our formal
lectures with power-point presentations with texd aolour figures. Additionally, the
expository lecture featured 3 approximately 2 maesubng videos on the topics of a) Konrad
Lorenz and imprinting, b) Pavlovian conditioninggdac) operant conditioning of a pigeon in
a Skinner box. The extra lecture in the controugremployed an extra video on the topic of
machine learning using reinforcement techniques &0 below). Thus the control group
was exposed to four videos in total while the gamoaip to three videos. The content of the

lectures was prepared with experts on animal tngini

After the expository lecture, the students assigndtie game group were instructed to move
at computers and run the game. The interface andahtrol of the game were explained
briefly and the goal of the first game’s level oduced. The game was presented as a
competition; the first two students achieving tloalgthat is, training their virtual dog waving
one front leg on a verbal stimulus, won a postérs actually added an aspect of extrinsic
motivation, though our informal observation is ttteg students were much more interested in
the game as such than in the posters. The teaClti&s) Continuously commented what
happened in the game (typically, only few studdéistened to each comment due to playing

the game, thus many comments were repeated).

The students assigned to the traditional groupriest to the extra 20 minutes long lecture

(see Fig. 6). Like the game, the extra lecture dessgned to reinforce and integrate the
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knowledge on major phenomena of positive reinforeinibut not other topics introduced
during the expository lecture (see Appendix A). imthe course of training a dog waving
its front leg was explained in detail. There argengays how to train the dog to perform this
task; only the way modelled by the game was intcedwsing the in-game graphics, i.e.
figures such as those on Figs. 2 - 6. Then thedadihow positive reinforcing works on
experimental animahplysiacalifornica at the neural level was explained (see, e.g., Bear
al., 2007). Finally, it was explained that robatsl airtual agents can be also trained using

positive reinforcement methods. That was suppleeteby the fourth extra video.

5.4 Questionnaires

Two questionnaires were constructed by the firtt@uof the paper (C.B.) and a
psychologist: a) an immediate post-test, b) a onetmdelayed post-test. The immediate
addressing students’ engagement in the lecturenergl and the game in particular,
including feedback on the game’s interface, iii)oen response knowledge test. The

retention test contained only Part (iii).

Only the most relevant data are presented in @qieip Concerning ICT-literacy, the most
important questions are those in which we askedestis to specify on a 4-point ordinal scale
how often they use a computer (1: “less than 1 laoweek” - 2: “1-5 hours a week” - 3: “6-
10 hours a week” - 4: “more than 10 hours a weakt) how often they play computer games
(1: “never” - 2: “less then 1 times a week” - 3nt® a week or more but less than every day”

- 4: “daily”). For the engagement/feeling questions used 1-4 Likert-like scale. The most

relevant questions are “How did you like the whadeninar?”, “Do you think that you have
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learnt something?”, and “How did you like the gam@articular?” The last question was

included only in the game group’s questionnaire.

To our knowledge, there is no standardised knovdedgt on the topic of animal training in
the Czech Republic, therefore, we created the inmtednd the retention open response
knowledge tests. Both had 8 questions and weré¢ectdry the first author of the paper
together with an animal training expert and a pel@dist with respect to two criteria: they
should correspond to tests which are usually gieestudents at high-schools and they should
cover topics presented in the seminar, i.e. cortaih general questions on the topic of
animal learning (Appendix A, Points 1-3) as wellagstions focussing on the positive
reinforcing (Appendix A, Point 4). An additionalg@rement was that the questions in the
retention test must be similar to the questionsiftbe immediate test but not exactly the
same. Our intention was not to compare exact sé¢ayesthe retention test against the
immediate test but to use the scores for group eoisgn only. Nevertheless, we wanted to

achieve similar level of difficulty in both testadito cover the same topics.

Two independent experts were asked to divide thgasstions into two groups assessing
either the topic of animal learning in general {faal learning question”; G1-questions) or
positive reinforcing in particular (“positive remfing” ; G2-questions). A complete
agreement was required. The two groups of questi@ne planned in advance. For the
immediate post-test, 3 questions were assigned.tgr@up and 5 to G2-group. For the

retention test, the assignment was 4:4. No questamrated as ambiguous.

Two persons, the last author of this paper (D.Kgd another animal expert, independently of
each other scored the student’s answers on a &lekdinal scale as “incorrect answer” (0
points), “incomplete answer” or “partially correamtswer” (1 point) and “correct answer” (2
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points). The points given by each scoring persorevageraged across each group of
guestions and then averaged across the two sqoensgns. As a result the performance of a
student in one test was represented by a numbegingafrom 0O (all the questions within the
group of questions were answered incorrectly adogrh both scoring persons) to 2 (all the
guestions within the group of questions were ansd/eprrectly according to both scoring
persons). Spearman correlation coefficient betwkernwo scoring persons was high, 0.83,

and most of the answers were rated identicallyhieytivo persons (79.5%).

The questionnaires were anonymous.

5.5 Data analysis

Answers of the students that filled both questior@savere analysed. The biographical data
(age and computer literacy) and students’ selfitepaattitude toward the seminar were
analysed directly. The students’ answers from ith@eédiate and the retention knowledge

tests were first scored and then analysed.

Differences between the traditional and the gamepmg, between boys and girls and between
the immediate and the retention knowledge teste temted separately for the G1- and the
G2-questions using the mixed effects ANOVA. For@®&questions we also used the two-
way ANOVA for comparison of the groups and gend&garately in the immediate test and
in the retention test (Quinn & Keough, 2002). THedat size was expressed by Cohehand

it was classified into negligible (Coherds< 0.2), small (Cohen’d < 0.5), medium (Cohen’s

d < 0.8) and large (Cohents> 0.8) (Cohen 1988).

Non-parametric statistics were used for evaludtiregattitude toward the seminar, as these

data were grossly non-normal. Wilcoxon rank surhwess used for testing differences
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between the groups (Quinn & Keough, 2002; &né007). If needed, Bonferroni correction
for multiple comparisons was used to ensure 0.08 lef significance (Weisstein, 1999-
2011). Cliff's delta was used for estimating thieef size of the difference. The effect size
was classified into four categories: negligibleiffGl delta < 0.147), small (Cliff’s delta <
0.33), medium (Cliff's delta < 0.474) and largeiff delta> 0.474). This classification
corresponds to the commonly used classificatioGadien’sd which represents the effect size

for normally distributed data (Romano et al. 2006)

Two-sample test for equality of proportions (“prest” in statistical software “R”) was used
for comparison of percentages of students exprgggnitive attitude towards the seminar or

the game.

6. Results

6.1 Comparison of the two groups with regard to biographical
variables

We balanced the possible effects of class/schabbander across the two groups. Table 1
shows that the distribution of students from edab<in the two groups was approximately

equal as well as the distribution of gender.

Age and computer literacy of the students wereinbtafrom the immediate post-
guestionnaire. Most of the students were eithesrlB years old (81%). None of them was
younger than 15 and older than 18. Table 2 shoatsbihth groups were similar in the age and

in the biographical variables assessing their cderditeracy.

--- Insert Table 2 about here ---
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6.2 Comparison of the two groups with regard to the knowledge
tests

There were two types of questions in the knowlddges. The first type of questions (G1-
guestions) was aimed to test general knowledgeavhing and memory. The second type of
guestions (G2-questions) was aimed to test knowel@dbgut positive reinforcing. The
knowledge addressed by the G2-questions was suppose strengthened by the microgame

in the game group and by the additional lecturthéntraditional group.

Results of the knowledge tests are presented ur&ig and in Tables 3, 4 and 5.

The scores from G1- and G2-questions were analeearately by means of two mixed
effects ANOVAs with “group” and “gender” as betwesurbject factors and “test” as a within
subject factor. The assumptions of normality andtirsample sphericity were verified before

performing the analysis.

The mixed effects ANOVA performed on G1-questionsvged no difference between the
groups (F[1,96] = 1.4060, p = 0.2387) and gend€i,96] = 1.3190, p = 0.2536) but
difference between the tests (F[1,96] = 111.51300p0001). All the interactions were non-
significant (p’s > 0.6542). Thus, the traditionabdadhe game groups performed equally in the
G1l-questions although the effect size analysis sdosmall effect in favour of the traditional
group in the immediate test (Table 3). Both grongasched higher scores in the immediate

test than in the retention test with large efféxé §Table 5).
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With respect to G2-questions the mixed effects AMOowed significant difference
between the groups (F[1,96] = 6.4206, p = 0.012@&nb differences between the genders
(F[1,96] = 1.0305, p = 0.3126) and the tests (F]L;791.0903, p = 0.2990). All the

interactions were non-significant (p’s > 0.1428)eTmain finding of the second ANOVA is
that the game group performed better than thetioadl group in G2-questions. Additionally,
the effect size analysis indicated that the difieeawas more pronounced in the retention test
where the effect size was medium (Table 4) thahenmmediate test where the effect size
was small (Table 3). To further investigate thigexd, we separately analysed the scores from
G2-questions in the immediate and in the retertests using the two-way ANOVA with
“group” and “gender” as between-subjects factargsheé immediate test no difference
between the groups (F[1,96] = 2.2661, p = 0.135& feund as well as no difference
between the genders (F[1,96] = 0.2581, p = 0.6486)no significant interaction (F[1,96] =
1.7162, p = 0.1933). On the contrary, the sameyarsgberformed on the scores from G2-
guestions in the retention test showed highly $icgmt difference between the groups
(F[1,96] = 11.0253, p = 0.0013), but no differebetween the genders (F[1,96] = 2.1577, p =

0.1451) and no interaction (F[1,96] = 0.0083, p.8208).

Concerning the difference between the scores imtheediate and in the retention tests, it
has been shown by the mixed effects ANOVA for G2gjions (presented above)that the
factor “test” was non-significant, suggesting ttheg scores in the two testes were similar.
However, even though the effect size analysis comgahe scores across the tests showed
indeed only negligible effect for the game grou@lso a showed small effect for the

traditional group (Table 5). We will return to tipsint bellow and in the discussion.
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In general, the mixed effects ANOVAs showed noeatéghce between boys and girls.
Nevertheless, the effect size analysis present&dlhes 3 and 5 indicated some possible

differences, which may be confirmed or excludddnfier number of students was tested.

The effect size analysis comparing scores of #rittonal and the game groups in G1-
guestions in the immediate test showed small eftedioys and only negligible effect for
girls (Table 3). In this case Cohemisvas similar for both genders and it just faileaddach
the limit for being classified as small in girls. dther words, the effect size analysis

confirmed there is no difference between girls bags in G1 questions in the immediate test.

Larger effect size discrepancy between genderdouasl in G2-questions in the immediate
test. There was medium effect size when boys flwertwo groups were compared but
negligible effect size when girls were comparedo(&a). Boys from both groups and girls
from the game group obtained similar scores inrd¢ention test as they did in the immediate
test according to the effect size analysis (Talpl®© the contrary, girls from the traditional
group obtained lower scores in the retention tesbimparison to the immediate test. The
effect size of this difference was small, howeweajmost reached the limit for being
classified as medium (Table 5). Thus, the datecatds that the small difference regarding
effect size between G2-questions’ scores in theadiate test and the retention test can be

attributed to girls rather than boys.

--- Insert Figure 7 about here ---

--- Insert Table 3 about here ---

--- Insert Table 4 about here ---
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--- Insert Table 5 about here ---

6.3 Comparison of the two groups with regard to appeal to students

The attitude of the students toward the whole samias assessed at the end of the seminar
by two questions. The students scored the oveppka towards the seminar and the
subjective educational value of the seminar. Intamd the students from the game group
were asked “How did they like the game”. In all theestions the students choose one out of
four ordinal levels ranging from 1 to 4. The twglmest scores “3” and “4” indicated positive

judgement.

The distribution of students’ answers to the ovexppeal toward the seminar is shown in
Figure 8. The distributions of the two groups aneilar. Most of the students responded by
marking the level 3. Medians, means and standargiitens as well as group comparison is
presented in Table 6. There was no difference twiee groups as measured by Wilcoxon
rank sum test (Table 6) and the effect size exptkeby Cliff's delta was negligible (Table 6).
The results were similar if only boys or only gwere evaluated (Table 6). We want to stress
that vast majority of the students regardless cétivbr they were from the traditional or from
the game group answered by score 3 or 4 (Tablehts their judgement about the overall

appeal toward the seminar was positive.

The subjective educational value of the whole samimpresented in Figure 8 and in Table 6.
The traditional group scored higher regardlesslodtiver boys, girls or both genders together
were evaluated (Table 6). This difference almoatined significance when both genders
were analysed together. If Bonferroni correctionrfmltiple comparisons (6 tests in this case)
was not used then the difference was highly sigaifi (Table 6). However, the effect size of

this difference was small (Table 6). The percente#gadudents who expressed positive
Page: 31



judgement about the educational value of the seni@adents who answered by score 3 or 4)
is shown in Table 7. The judgement was positivenast of the students regardless of the
group. Note that lower percentage of girls in theng group expressed positive judgement
about the educational value of the seminar in coispato boys from the same group as well
as in comparison to girls from the traditional ggd@rable 7). If the percentage of girls
expressing positive judgement in the game groupomagpared with the percentage of girls
expressing positive judgement in the traditionalugr by two-sample test for equality of
proportions then the difference was significant, dnly without correction for multiple

testing (chi-squared = 4.578, df = 1, p = 0.0324).

Table 8 presents percentages of students fromaime group who expressed positive
judgement toward the game. It is important thattebshe students liked the game regardless

of the gender although the percentage was sliginher for girls than for boys (Table 8).

--- Insert Figure 8 about here ---

--- Insert Table 6 about here ---

--- Insert Table 7 about here ---

--- Insert Table 8 about here ---
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7. Discussion

This pilot study evaluated the usage of an educalibiology micro-game Orbis Pictus
Bestialis employed as a supplement after a trawditibiology lecture at four high-school
classes in the Czech Republic. The topic of theegand of the lecture, animal learning, is an
integral part of the Czech national high-schooticuta. The purpose of the game was to
reinforce and integrate part of the knowledge leerthe introductory lecture. The game was
compared against an extra lecture that used madharaterials. Both the game and the extra
lecture were followed by a short debriefing. Thacteer guided the students during playing
the game in the game group. The learning in ORBtégral part of game-playing; the game
is not a “drill-and-practice” software. We haveentionally chosen this specific type of the
game’s usage because broader literature on garmdesralations, including non-computer

ones, suggests that this format can serve weéldacational purposes as discussed in Sec. 2.

7.1 Major findings

Based on the review of literature, we investigdted hypotheses:

1) Our game will be at least as effective as tiadgl instruction concerning the gain of
knowledge that the game is supposed to reinfordaraegrate, if measured immediately

after the exposure.

This hypothesis is confirmed; there is a small fpasi though not significant, effect of the
game on the questions that tested this knowledgkl€T3, Figure 7). This result is not very
surprising as it is in line with many previous fings (see, e.g., a recent review of Hays,
2005; an older review on simulation gaming of Bretkn & Greenblat, 1981; and recent

studies, e.g., Wrzesien et al., 2010; Huizeng& ,€2@09; Annetta et al.., 2009). Actually, the
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positive effect seems to be more pronounced fos bloyt there seems to be no effect for

girls, a point to which we will return in Sectior27

2) The reinforced and integrated knowledge wilr&iined better by the game group.

This hypothesis is also confirmed; there is a nredoositive effect size of the game on the
guestions that tested this knowledge a month #dftetreatment, regardless of whether girls,
boy or both genders together were analysed (Talitegdre 7). The difference between the
game and the traditional group is significant. Tikithe key finding of the present study as
the data on retention are relatively limited. Caesults are in line with reports of a few past
studies on simulation gaming that reported retentiata (see, e.g., Pierfy, 1977) and they
also agree with results of the recent study ofdarcational game on physiological concepts
(Wong et al., 2007) and a study of a historicatsgy COTS game (Egenfeldt-Nielsen,
2005). Also Venneman & Knowles (2005) reported thatSniffy simulation had positive
effects on students’ knowledge, as measured dftesthool term, and Huizenga et al. (2009,
and also personal communication) reported posgffect of their game using one-week post-

tests but that study employed shorter treatmerthiicontrol group than for the experimental

group.

In general, this result is more important thanftist one because long-term effects of

curricular education are more crucial than sharteffects.

An open question is when should be the long-tefecesf measured, most studies mentioned
above differ in time of the follow-up administratioranging from one-week after the

treatment (Wong et al.) to five months (Egenfeldisen).
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3) The game will not be detrimental to knowledge Whas transmitted by the expository

formal lecture but not reinforced and integratedtbg game; neither immediately nor later.

This hypothesis is also confirmed. In general, sciigj from the game group scored worse on
the questions that tested this knowledge, both idiately and a month after the treatment,
than subjects from the traditional group, but tHfetences between the groups, are negligible
or small and not significant (Table 3, 4; FigureTMis result is interesting for two reasons.
First, we employed a specific type of the gameagesin the formal schooling system.
Should this type become one of standard formatsade in this context, it is important to
know that the game is not detrimental to infornrafimm the lecture that was not
subsequently strengthened by the game. Secondr tcowledge, this question has never
been tested explicitly, though results of some pagties can be re-analysed regarding it. For
instance, loannidou et al. (2010) reported largeeoy large positive effects of a game on
cardiopulmonary system on a subset of questionsahige arguably mostly related to the
game activities, as opposed to the rest of thetigunss on which only negligible positive

effect was found. When re-analysed in detail, ddaod of data may further support our
Hypothesis 3. Note, however, that loannidou ead@dininistered post-tests “just after the

[lesson] unit” (p. 158).

4) The course with the game will be more engadiag the lecture-only course.

This hypothesis is not confirmed. There is no ¢ftdthe game with regard to the overall
appeal of the whole course and there is a smalitnegeffect of the game concerning the
perceived educational value of the game and thrsigsfor both genders. This effect
approaches significance (Table 6). This resultildlgnsurprising since many previous studies
reported that learners are more interested in sitiom/game activities than in conventional
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classroom instruction (see, e.g., Hays, 2005 fewvaew, and Annetta et al., 2009 for a recent
game study). However, for instance the review d& (999) reported five studies in which
students showed negative or very little preferénc@mulations. Also some recent studies
reported mixed results concerning affective vagalfe.g., Huizenga et al., 2009). The results
of different studies may differ due to several ogess most notably due to slightly different
guestions on affective variables, different typeaftrol (we used a power-point presentation
with colour figures and a video, a point to whica will return below) and different age of
learners. As already said, adolescents are mdreullito engage in school learning and
harder to motivate than younger children (e.g. &él Midgley, 1989; cited from
Papastergiou, 2009). They may also perceive gamadesure time activity with limited
pedagogical value (e.g. de Freitas, 2006), whiafhtmot be the case of younger students.
However, the most important point is that the waajority of the students from the game
group expressed positive attitude toward the whetainar (92%) and toward the game
(90%) and considered the educational value of éna@rgar positively (85%) (see Sec.

Comparison of the two groups with regard to appeatudents).

7.2 General comments on possible gender differences

Learning effects of educational games and simulatttave only rarely been investigated
with respect to gender. The likely reason is thahynstudies produced unequivocal results

and their analysis regarding gender might confasesituation further.

However, the issue of gender difference