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Abstract

Despite the alleged ability of digital game-bas=ting (DGBL) to foster positive affect

and in turn improve learning, the link between etifaty and learning has not been
sufficiently investigated in this field. Regarditlegrning from team-based games with
competitive elements, even less is known abouteladionship between competitiveness (as
a dispositional trait) and induced positive afféistthis media comparison study with
between-subject design, participants (N = 325; Bigiool and college students) learned
about the EU’s policy agenda by means of a debatseebmethod delivered through one of
three educational media: a) through a social rédg#pg game with competitive elements
played on computers, b) through a very similar gataged without computers and c)
through a non-game workshop. Unlike many previo@G8D studies, this study used
participant randomization and strived to addressé¢lacher effect and the length of exposure
effect, while also using the same learning mateaald a very similar educational method for
all three treatments. Both games induced compatgathigher generalized positive affect and
flow. Participants also learned more with the garPesitive affect, but not flow, mediated
the influence of educational media on learning gaitarticipants’ competitiveness was partly
related to positive affect and experiencing flow borelated to learning gains. These
outcomes held both when the game was played usimguters, as well as without them.

The study indicates that the ability of an educstiontervention to instigate positive affect is

an important feature that should be considereddoga&tional designers.

Keywords positive affect, flow, learning effects, educatib games, role-playing,

competition



Article

1. Introduction

Digital games for learning (also called serious gamr educational videogames) are
being used more frequently in schools, and thamni|eg advantages are increasingly subject
to investigation. Dozens of comparative studiesv@rang the learning effects of games
relative to the learning effects of “traditionayjptes of instruction are now available. The key
meta-analyses of these studies (Sitzmann, 2011t&&wan Nimwegen, van Oostendorp, &
van der Spek, 2013) reported a modest superidriygital game-based learning (DGBL) in
cognitive terms; however, the latter meta-analgtss found that, in studies with
randomization, this effect (favoring game-basednieg) disappears (p. 259). This means
that at least part of games’ superiority over ntaaditional methods can be explained by the

poor design (i.e., without randomization) of matydees.

One of the important arguments for backing the DGBbroach is that games, in
general, are motivating (e.g., Malone, 1981; GaAiders, & Driskell, 2002). This raises
hopes that when digital games are employed inghace of learning, learning outcomes
will flourish. However, if a game iactually used for learning, is it really more motivating
than “traditional” instruction? Contrary to commexrpectations, this is not a given. This
guestion has also not been researched sufficiehffigctive and motivational variables, such
as generalized positive affect, flow, and intrinsictivation, were only investigated in about
one-third of media comparison studies conductefdrs(see Vogel et al., 2006; Sitzmann,
2011; Wouters et al., 2013). Very few studies hdivectly investigated the relationship
between affects/motivations and actual learninga@uies in the DGBL context (we are

aware of: Adams, Mayer, MacNamara, Koenig, & Wain@12; van Dijk, 2010; Iten &



Petko, 2014, Ritterfeld, Shen, Wang, Nocera, & W&@99; Gianakos, 2013; Sabourin &
Lester, 2014; Stege, van Lankveld, & Spronck, 28&2; also Habgood & Ainsworth, 2011).
Some of these studies indeed reported controveesialts (e.g., Adams et al., 2012; Iten &

Petko, 2014, Stege et al., 2012).

One of the reasons why digital games, in generay, be motivating and/or induce
positive affect and flow is that (many of them)ttea competitive elements. However,
conflicting results were reported regarding theaetpf competition in the context of DGBL
(see Vandercruysse, Vandewaetere, Cornillie, &eblaut, 2013; Plass et al., 2013;
DelLeeuw and Mayer, 2011; but also Ke, 2008; tegt&et al., 2015). This could be caused
simply by learners’ different attitudes towards gatitive situations. However, to the best of
our knowledge, no DGBL study has investigated ihlebetween competitiveness, as a
dispositional trait, and positive affect or flowndinced by playing a serious game with

competitive elements. This is an underexploredeissu

DGBL visionaries made bold claims about the netessiaugment formal schooling
systems with digital games (summarized in Mayet420Q pp. 13-15). The reason often
mentioned by them is that today’s adolescents andg adults, i.e., the “digital generation”
(Prensky, 2001), have grown up in digital world ame thus insensitive to “classical’ non-
digital education (Tapscott, 1998, p. 131; Prengkg@1, p. 1). Despite this, acceptance of
digital technologies by studerds schools not guaranteed (e.g., Bourgonjon, Valcke,
Soetaert, & Schellens, 2010; Courtois et al., 20A#)he same time, the issue of comparing
digital games to their non-computer counterpamsaias unaddressed. Would learning be
enhanced or hindered if students played a gamg agilgital technology vs. “old-

fashioned” pen and paper?



Considering all the points above, this study adskeshe following research

guestions:

a) Assuming that we deliver particular educationalteahthrough a particular
educational method via a non-game workshop vs. gsased education, i.e.,
through differentnstructionalmedig would the instructional medium influence
positive affect, flow levels and learning outcomes?

b) Does competitiveness (i.e., a participant traitderate the effect of media on
positive affect and flow levels?

c) Do positive affect and flow levels induced by thstructional medium mediate
the influence of the medium on learning outcomes?

d) When we use two game-based media, one employingetemtechnology and
the other using pen and paper, would the type elivery” technology influence

positive affect, flow level, and learning outcomes?

This study’s primary research question is (c). Witimay seem that all of these
research questions should have been answereddongrly small steps have actually been
taken to answer them. To address these questidhs current study, learners learn a certain
topic from a specific debate-based educational ateémbedded in one of the following
three media: a computer game, a non-computer gamiea non-game workshop (i.e., a
between-subject design; see Table 1). The eduedtinethod is very similar across all the
conditions and the topic is exactly the same (i EU's policy agenda). The sample
consists predominantly of high school students.pifposefully us&urope 2045s the
research game (Brom, Sisler, & Slavik, 2010), ¢ra¢ we had developed in the past. There
are four reasons for this. First, it is a team-dag@nme and there is some initial evidence that

games played in dyads or larger groups are paatigutffective for learning (Wouters et al.,



2013; p. 258). Moreover, this game has been sulcdlgssplemented and used in more than
one hundred high schools in the Czech Republigcatithg that it is a promising intervention
to address our research questions. Second, gasial role-playing negotiation game with
game mechanics similar to those of some other ¢éidnehgames (e.g., Mochocki, 2013).
This is important from a practical perspectives thiudy’s outcomes can be straightforwardly
generalized to similar games. Third, the game featalements of mild competition, which is
needed to address Research Question (b). Foundesta specific educational method, which
can also be delivered by a non-game medium anda legaivalent non-computer educational
game (this enables us to create closely compalednieing experiences in all comparison
groups). The study also strives to address sewertiiodological issues mentioned by
previous literature regarding media-comparisonistitf. All, Nunez Castellar, & Van

Looy, 2016; Clark, 2012; Mayer, 2014a): proper @mdation, the teacher effect, the effect
of using different learning materials in differe@mparison groups, and the length of

exposure effect.

--- Insert Table 1 around here ---



2. Study Background

2.1 Generalized Positive Valence Affect and Flow State

Various constructs, lying between emotions, matwatand attention, have been
used to study the impact of DGBL: including intérengagement, intrinsic motivation,
positive emotions, and flow. For the sake of sigifyli we denote all of these variables as

affectivevariables (or affective states).

Despite the profound influence of affective stateigher level cognition (e.g,
Blanchette & Richards, 2010; Isen, 2001; Linnenbé&nPintrich, 2004) and on memory
(e.g., Reisberg & Heuer, 2004; Linnenbrink & Piciri2004), few research projects have
investigated the influence of affectivity on leargiin the context of technology-based
instruction; especially in the context of DGBL (se&erences in Section 1) and the closely-
related field of multimedia learning (e.g., Leutn2014; Park, Knorzer, Plass, & Brunker,
2015). Much is expected from the role of positiffective states in enhancing learning in the

DGBL context, but little is known (which motivatesr Research Question (c)).

In this study, we will employ two affective congtts: flow (Csikszentmihalyi, 1975)
and generalized positive valence affect (WatsoarkCK: Tellegen, 1988). Flow is usually
defined as pleasant absorption by an activity argergoes (Csikszentmihalyi, 1975). As
such, it is connected to increased attention tatiect of the activity. Affect has a complex
structure, but generalized positive and negatifecaémerge as “two dominant and
relatively independent [affect] dimensions” (Wats@tark, & Tellegen, 1988, p. 1063). We
will be interested here in the positive dimensigarious positive activating feelings, such as
being enthusiastic, interested, alert, attentit@, (see Watson, Clark, & Tellegen, 1988), are

associated with generalized positive affect.



These two constructs are complementary: flow iseamelated to attentional
processes, while generalized positive affect reladeositive feelings. Together they can
indicate if the learner igositively activatedcf. Pekrun & Linnenbrink-Garcia, 2012) when

undergoing the instructional activity.

Various other overlapping constructs are relatéghtsitive activation”, such as
intrinsic motivation (Ryan & Deci, 2000) or situatial interest (Hidi & Renninger, 2006).
These constructs are not the same, but differdmetgeen them are not important for our
present purposes. Their levels also tend to beyhaghrelated in intervention studies (e.g.,

Brom et al., 2014a; Plass et al., 2013).

To address our primary Research Question (c), werfeed to know if our game-
based media induce comparably higher positive affed flow (i.e., the answer to the first
part of Research Question (a)). Three points pu#tié idea that this could be so. First, there
is empirical evidence that positive activation temal be experienced often when participants
learn by advanced learning technologies, includages (D’'Mello, 2013). Second, there is
general agreement on the motivational aspectsroégde.g., Malone, 1981; Garris, Ahlers
& Driskell, 2002). Third, th&Europe 2045ame has already been successfully used in Czech

high schools.

2.2 Competitiveness and Positive Affect/Flow

Ambiguous results have been reported regardingffieetive and cognitive
advantages of competitive elements in the DGBL @Q88; Plass et al., 2013;
Vandercruysse et al., 2013; see also ter Vrught ,€2015; DeLeeuw & Mayer, 2011).
However, the forms of competition assessed by thesBes were diverse and unliEerope

2048s competition. They typically involved either comtjion in dyads, competition by a
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single player against a virtual opponent or agdmstemainder of the class, or competition
to achieve a tangible prizEurope 2043eatures competition in larger teams (of at l€ast
players) and with facets thought to promote leaynas detailed later in this section and in

Section 4.3.

From a general perspective, it is known that o@jagiclassroom instruction around
competition is cognitively less effective compatedollaborative organization (see Johnson,
Maruyama, Johnson, Nelson, & Skon, 1981; Qin, John& Johnson, 1995), though not
necessarily compared to individualistic effortshidson et al., 1981). This is a finding that is
accommodated in the Social Interdependence Thdohnéon & Johnson, 1989). This
theory stresses the beneficial effects of the deeendent goal structures of peer learners and
their individual accountability on learning. Sharederdependent goals (absent in typical
competitive situations) lead to promotive interact. Individual accountability, where the
performance assessment of each learner is avallaliieto the individual and to the peer

learners, may strengthen feelings of personal respuity for the whole group of learners.

Still, competition in general can be constructiveeducational settings, as long as it
has the following features (summarized by Johnsdwol&nson, 2009, and also integrated into
the Social Interdependence Theory: Johnson & Johrd€89): all participants have a
reasonable chance of winning, the rules and aifer winning are clearly specified, and
competition is not intense (i.e., winning is relaty unimportant, there are no tangible
rewards for winning and no consequences for/impactstudents’ grades). These are the
features oEurope 2045 competition (and thus of our both game-basediajetihe game’s
competition also features some collaborative aspespecially positive goal
interdependence among some peers, and providemiative feedback, known to enhance

learning (see Hattie & Timperley, 2007).
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Therefore, despite ambiguous findings from DGBerditure regarding the benefits of
competition, we have reason to believe thatope 204% competition can be advantageous
for learning, and thus — in terms of our Researakgflon (a) — that it will contribute to the
educational effectiveness of our two game medigh@tsame time, the classroom goal
structure created biyurope 2045which combines a certain mild form of competitiwith a
touch of collaboration, is also employed in oth@m@s; for instance, in certain types of
social role-playing games (cf. Mochocki, 2013).aimhation about these games’ learning
effectiveness is scarce. This study can thus dan&ito our understanding of these games’

advantages for learning.

However, different students have different attisittevard competitive situations:
some may like them while others may not. This seygdint has not been, to the best of our
knowledge, explicitly acknowledged in DGBL resear€br this reason, we pose Research
Question (b) and investigate the influence of leeshcompetitiveness, as a dispositional
trait, on the positive affect and flow levels inéddy the game media. We employ a two-
dimensional conceptualization of competitivenes$lbyston et al. (2002) and Harris &
Houston (2010): the dimensions amgoyment of competitive situatioasdcontentiousness
We expect that the more intense these two chaistatsrare, the higher the positive
affect/flow should be in the two game conditionsti#e same time, we expect no influence
of the two competitiveness traits on positive aff&mv when participants learn from the
non-game medium, which lacks competitive elemdsdsthe participants with the lowest
levels of competitiveness, it is quite possibld tha affective variables will beigherin the
non-game medium. In short, we expect that competigss will moderate the influence of

educational media on positive affect and flow.
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2.3 Positive Affect/Flow as Mediators of Learning Outcones

To address our primary Research Question (c),jm®rtant to consider how
positive affect/flow may influence learning outcasn&/e will put forward a rationale based
on the Cognitive-Affective Theory of Learning withedia (CATLM; Moreno, 2005), which
is an expansion of a theory widely used in thelfa&flmultimedia learning (i.e., Cognitive
Theory of Multimedia Learning; Mayer, 2009). The TUAM posits that learning effectivity
depends on the effectivity of selecting relevafdnmation by the learner from the
instructional message, its organization into a ceternental model in the learner’'s working
memory, and integration of this model with the fesais prior knowledge. Efficiency of these
processes depends, among other aspects, on thiveogapacity available for these
processes. Now, there is the following trade-aé&rhers do not always exert their total
cognitive capacity, e.g. because they are boreslitiie cognitive capacitgctually used
(Moreno, 2010) that is important. On the one haogjtively engaged/activated learners (i.e.,
with a higher positive affect and flow level) caseumore of their available cognitive
capacity for learning-relevant processing, whiclpriaves learning. On the other hand, some
details of the educational materials may be ir@or learning, such as those aspects of the
educational game that increase the positive aff@atin the first place. Because the learners
must still process these details, part of theimitdge capacity is “consumed” by learning-

irrelevant processing, which compromises learning.

The elements of computerized materials boostingipeaffect are thus beneficial
for learning only if they help in recruiting moregnitive capacity than is spent for their
processing (see Mayer, 2014b, Park et al., 201&&oe on this trade-off). Therefore, poorly
designed educational games can increase positeet/#ibw and still hinder learning; unlike

well designed games, for which higher positive @ffeow can contribute to learning.
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Concerning Research Question (c), we have reasbeli®ve that the latter would be the case
for Europe 2045because of its educational success in Czechdaighols), i.e., that positive

affect/flow would positively mediate learning outaes.

Positive affect/flow may influence not only processieeded for initial knowledge
acquisition, such as attention, information protegsr retrieval of prior knowledge (e.qg.,
Isen 2001; Linnenbrink & Pintrich, 2004), but itudd also possibly lead to a slowing down
of participants’ forgetting (cf. Reisberg, 2006higwas actually indicated by early reviews
of (oft non-digital) game-based learning reseaRibrfy, 1977; Randel, Morris, Wetzel &
Whitehill, 1992). Therefore, we have reason toewelithat knowledge decline, i.e., the
difference between scores from tests administenedediately after the intervention and one

month later, would be lower for the two game media.

2.4. Computers as a Delivery Technology for Playing Ganse

Particular educational content can be deliveredhbitiple educational methods, such
as self-reading, frontal lecture, or by variousaypf collaborative activities. These
educational methods can be, in turn, conveyed givalifferent instructional media, such as
a non-game workshop, a computer game, or a nonwt@mmgame. Our Research Question
(d) asks if there are differences relevant forreay between computerized gameplay and
gameplay using pen and paper. To answer this @uedtis necessary to separate the effect

of mere computer usage (in the context of gameeblesening) from the effects of game

playing.

Owing to the technological affordances of compyteigital educational games often
use various learning aid tools. Examples of thiesine case oEurope 2045include online

student forums, a hypertext encyclopedia, dynatgicabdelled events students have to react
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to or teacher’s statistics. The use of these todigh are, by definition, unavailable in the
matching non-computer game, often implies subténges to the educational methods. For
example, the use of online communication toolgsl@eraction patterns in the classroom

(and these patterns usually constitute part oéthecational method).

To answer Research Question (d), it is necessargdgpwith both game media, not
only the same game with the same learning conbemtlso the same educational method.
Otherwise, if a between-group difference is fouhdiould not be clear whether to attribute
the difference to the different educational metbotb the different delivery technology (cf.
All, Nunez Castellar, & Van Looy, 2016). For instanHiggins, Mercier, Burd, and Joyce-
Gibbons (2012) showed the advantages of undertakgagne-based learning activity using a
multi-touch table compared to a paper-based versidiis activity. However, the difference
was probably caused by different affordances ohtléi-touch technology (and not due to
merely delivering the learning experience througtifferent technology). Students could
enlarge or shrink digital slips of “paper” with cial information in the multi-touch condition
(but not in the paper-based condition), which emaged joint attention in the multi-touch
condition and thus changed interaction patternd thareby the educational method.
Therefore, for the study’s purpose, it is necestangmove as many of the tools altering the

educational method as possible from the computaega order to equate the methods.

It is widely presumed that a mere change of deflitechnology (e.g., computers vs.
pen and paper) during the otherwise same educaégparience should not cause much of a
difference regarding the experience’s instructi@ftdctiveness (Clark, 2012; see also
Cuban, 2001; Morrison, 1994; but also Tamim et2f111). However, what if, for instance, a
particular technology is not well accepted in aipalar context? For example, if student
adoption of tablet devices in schools dependsypartlteachers’ attitudes towards use of this

technology in schools (cf. Courtois et al., 20p43ying games on tablets may hinder
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learning when the teacher dislikes these devicekk@iplaying similar games without
tablets). Likewise, what if different presentatibftamats (e.g., a computer screen vs. a
blackboard) impose different cognitive loads orfiedlént types of learners? Concerning
Research Question (d), we have no expectationsdiagadifferences between the two game
media. There are reasons to believe that no diféerevould be found, but there are also
arguments to the contrary. It would be usefula fout, because the issue of the relative

(dis)advantages of educational computer vs. nonpaben games is underexplored.

3. This Study

This study investigates, using between-subjecgdestie influence of three
instructional media on positive affect, flow levedadlearning outcomes. These media are as
follows: a) an educational social role-playing gamign mild competitionEurope 2045
played on computers (Brom, Sisler, & Slavik, 20@)-comp); b)Europe 204%layed
without computers (EU-no-comp); and c) a non-galagscoom-based workshop (Class). In
all three conditions, learners, predominantly reghool students, learn about the topic of the
EU’s policy agenda and the European Union’s palitdirection by means of a specific

debate-based educational method.

Based on considerations explained in Section Zywdorward four research

hypotheses and one exploratory goal:

H1: Both game media will induce comparably higherijpges affect and level of flow

(see Figure 1).

H2: Competitiveness moderates the effect of media aitip® affect and flow levels.
Specifically, we presume (H2a) no relationship kestw competitiveness and positive

affect/flow as concerns the non-game medium butsitige linear relationship for both the
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game media. We also presume (H2b) that for thé tzaspetitive participants, positive

affect/flow will be comparably higher with the ngame medium (see Figure 2).

H3: Both game media will enhance learning (compardtiéanon-game medium);

both in terms of higher learning gains and lowerwledge decline (Figure 1).

H4: Positive affect and level of flow will positivelypediate the influence of

educational media on learning outcomes (Figure 1).

E1l: What is the difference between the two game madierms of positive affect,

level of flow and learning outcomes?

--- Insert Figure 1 around here ---

--- Insert Figure 2 around here ---

This study models an entire school day in a latoyaBrom, Sisler, Buchtova,
Klement,& Levéik, 2012) and uses a stratified randomization (Withstratum being class).
Teachers rotate randomly in the conditions. Thattnents last about 7 hours; including the

introduction and questionnaire administration.

We administer brief knowledge pre-tests and langenediate post-tests and one-
month delayed post-tests. We also administer inmegasurements of flow and generalized
positive affect. The main independent variablesias&uctional medium, participants’

gender, school quality and the following two pap@nt traits: enjoyment of competition and
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contentiousness. The main dependent variablehargcbres from the knowledge tests,

positive affect scores and flow levels.

4. Method

4.1 Participants

Our aim was to obtain a heterogeneous sample fnengame’s target audience, i.e.
adolescent and college participants (to recruipfewith different competitiveness traits and
background knowledge). We recruited 14 high sclgomlips from average and above
average urban schools in the Czech Repubke 304; 138 males, 166 females; Mean age =
16.3,SD= 1.15) and two additional groups of college pgraats (mainly students of
computer science or psychologp)£ 31; 21 males, 10 females; Mean age = 2225 2.3)!
Each high school group consisted of one class laméxperiment was part of the students’
regular education because the topic is tied to &national curricula. We recruited classes
whose teachers were willing to participate, andingakure to include diverse classes: both
in terms of their quality as well as their subjggécialization. In one college group, students
participated for course credit; in the second ¢imey received 400 CZK (~ 20 USD) as
compensation. We also recruited 60 students whaledask was to just complete the tests;

without undergoing any treatment (i.e., naive pggrtnts; see Sec. 4.3).

1 We point out that we assessed participants’ sagligartisol in seven of these groups<127). That is because
cortisol levels are known to correlate with physgital arousal. This part of the study is irreld@vian present
purposes, but we want to emphasize partial ovénléipe dataset with a different study (Brom, BusitoSisler,
Déchtérenko, Palme, & Glenk, 2014b), with a total sangie N = 171. The current study and the secondystud

present, to a large extent, different (but parpteta.
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4.2 Questionnaires and Tests

The purpose of thpre-questionnairavas to solicit information about participants’
gender and age and to gather information about phier knowledge. To avoid cuing what
should be remembered, this brief “pretest” wased#ht from the knowledge tests
administered after the intervention. It focusedyeneral knowledge about the EU, rather
than on specific knowledge taught by the intenamtiWe used five self-assessment
guestions and four knowledge questions (see AppeXidiEach question was assigned

between 1-4, 1-5 or 0/4 points; giving us a possiigbre in the range of 5-38.

To measure patrticipants’ flow state during thettresnt, we administered thidow
Short ScaléRheinberg et al., 2003; see also Engeser & Rleeint2008). In this study, we
report the data from its first subscale measuremgmonents of flow with ten 7-point Likert
items. Flow questionnaires were analyzed using riasgrovided with the standardized
Flow Short Scale (Rheinberg, 2004) (Cronbach.85; possible score transformed via T-
norms: 21-74). This questionnaire also containezlgurestion on subjectively perceived
difficulty, which is a construct thought to be tteld to germane cognitive load by some
researchers (DeLeeuw and Mayer, 2008, but sealaldong, 2010): “In comparison to other
educational activities you usually participatetins one is:” (9-point Likert item with a scale

ranging from “easy” to “difficult”).

To obtain information about participants’ affectstate during the treatment, we
administered th@ ANAS(Positive and Negative Affect Schedule; Watsoal.et1988), which
consists of two mood scales: one for positive &edother for negative affect. Each scale
consists of ten 5-point Likert items (possible gcdi0-50). In this work, we are interested

only in the positive scale, denoted herpasas+(a = .87).
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After the intervention ended, participants filledaipost-questionnairgfrom which
only one question is relevant for the purpose sf$kudy. This question asked about
frequency of game-playing, and it had a scale 1-4léss than 1 hour a week or nevér

more than 10 hours a week

As concerns knowledge acquisition, we tested oniywKedge that can be acquired
during the debates embedded in the treatmentsciparits received four knowledge tests.
As detailed later on in the text, each participapresented one “project” (i.e., a European
political vision) and argued, during the experimédat two policy changes at the European

level. The four tests evaluated:

a) knowledge about the participant’'s own projed @ relation to the projects of

other learners in the given group;

b) knowledge about the content of one of the twicjgs for which the participant

argued during the intervention;

c) knowledge about the process of negotiationsadinypchanges;

d) the names of all policies discussed that dayufast 16 out of 32 possible policies).

Points (a) - (c) relate to conceptual and highdlekédl memory. Point (d) relates, to
some extent, to episodic memory. As concerns P@n@and (b), each participant was tested

based on his/her own project/policy.
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The total test score was a sum of scores of thesedsts (0-52 points The score
from the immediate knowledge test will be denotedaareland from the delayed test as

score2

The tests used a mixture of multiple-choice, shoswer and open-ended questions
and mental map drawings (see Appendix A). The cgreded and mental map questions were
graded by two independent evaluators. Cohen’s wesgkappa (Cohen, 1968) was in the

range .68 - .91 for all questions, which we consapgropriate agreement.

After completing the knowledge tests, participais® filled in a short version of the
SIAS social interaction anxiety scale (Kupper & DealR011). This inventory is irrelevant

for the present study.

A month after the intervention, participants filleda second battery of knowledge
tests (i.e.delayed tes)s The questions were the same as in immediatg, tegh just the
order of the questions changed. Knowledgelineis computed as follows: scorel - score2.
Participants also filled in several additional int@ries. Only one of these is relevant for
present purposes: tlRCl, Revised Competitiveness Index (Harris & Hous&01,0). This
instrument features 14 items with a 5-point Lilsmale that can be divided into two
subscalesenjoyment of competitiofiRCl.compnine itemsp = .94) anccontentiousness
(RCl.cont five items;a = .79). Note that this inventory seems to assesgpetitiveness as a

stable trait (Harris & Houston, 2010).

2 We created the tests and calibrated them on aleatifferent from the experimental sample. Afteg th
experiment, two additional questions had to be rerddecause there was no difference between exgaiain
participants’ and naive participants’ scores fréwese two questions. The test score range is gitemnthese

two questions’ removal.
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4.3 Procedure and Interventions

We organized 16 different experimental days; onefdaone participant group. The
course of every day evolved according to a fixeptinal’” schedule (Fig. 3, 5) and the
research team followed the schedule as closelpssilgle. The experiment took place at an
experimental location outside schools. It start@diad 8 a.m. All teachers participating in

the experiment were members of the research team.

After the introduction, participants filled in tipee-questionnaires. Then the
participants received an introductory lecture alibatEU (approx. 20 minutes, using

PowerPoint slides). Three different persons rotatexhd out of the teacher role.

The group was divided randomly into two or threlbgoups after the lecture (based
on the number of participants). Each subgroup waggaed one of the three media. In case
there were two groups, the Class medium was alasgigned. Then we chose randomly
whether the second medium would be EU-comp or EAdarap. Participants were matched
based on their pre-test scores. We also took caeltieve similar male/female ratios for

every group in its subgroups (see Appendix B faaitks.

Each subgroup moved into a different room. Thei@pents were instructed to avoid
any interaction with other subgroups’ participamtsil the experiment ended. Each
participant was provided a pen and blank papehérEU-comp subgroup, each participant

sat at a separate computer.

Each subgroup had its own teacher. We used a pedilat teachers: all males

younger than 35 years of age, with similar clothstgde, short hair and similar speech and
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teaching styles. These teachers were randomlyresskig their positions. Each teacher had

an assistant, who administered the questionnaiéalped with technical issu®s.

After splitting into subgroups, each subgroup camdd as described later, until the
treatment interaction ended shortly after noonnThalowing a short break, we
administered post-questionnaires and a batteryafledge tests. Each subgroup was tested

in its own room.

About a month later, we entered the school to asteinsubsequent knowledge tests
and a few inventories, including the RCI. Studemse not informed in advance. The testing
period lasted 90 minutes. Students present ineleydd testing session, but not attending the
original experiment, were also given the tests.sésudents were considered naive

participants.

--- Insert Figure 3 about here ---

4.3.1. EU-comp Medium

This condition featured the computer version offneope 204%ducational game.

One possible way to play the game in schools ied&e it part of a “project-day.” In this

% Each subgroup also had one independent reseasehveb, who coded students’ verbal and non-verbal
behavior during the discussions. These data alewant for present purposes, but we want to engshtise
presence of another person in the room. We alsa pai that we assessed participants’ salivarysmrin

seven groups four times during the experiment Fsexnote (1)).
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study, we modeled such a “project-day” in a cotgtblaboratory environment. After

forming the subgroups, students played the gamalfout five hours.

To equate the computer and the non-computer vergibthe game as much as
possible (see Section 2.4), we removed severainegools that exploit the affordances of
computers (such as online student forums or dyreiypimodelled events). We also
standardized the game (and thus put some addittonakraints on it), so as to make the

different courses of game-play comparable.

Students plajfurope 2045n teams, while the teacher assumes the role of a
moderator. Each student represents a member-stdie Buropean Union. At the beginning,
the game situation closely resembles the real sta#fairs in today’s Europe. The game

proceeds in rounds with each round representing/eae

In this study, the game was played by exactly gugoters in six rounds. Students
played two layers dturope 2045'ggame play: the economic layer and the diplomatieria
In the economic layer, each student defines theedtimpolicy of his/her state, such as tax
levels and the level of environmental protectioig(B). We did not test students on

knowledge acquired from the economic layer.

The diplomatic layer, which is most important farr gresent purpose, implements a
debate-based educational method, which is a derivaf an educationally successful
(Johnson, Johnson, & Smith, 1996) method calledewéa controversies (see Online
Resource 1 for details). In this layer, the pldyas an opportunity to present drafts for policy
changes to the EU for issues such as common imteigrpolicy, stem-cell research or
agricultural quotas. A teacher moderates discussiorthese changes. The discussions
simulate negotiations in a wide array of EU insiitns. We will now outline these in further

detalil.
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--- Insert Figure 4 about here ---

--- Insert Figure 5 about here ---

Each player has his/her own project to try to piisbugh at the European level. A
project is a vision of how the EU should look ie fluture and it is formally defined by: a) a
set of policies that should be put in place, bgtalsat should be suspended, and c) a set to
which the project is indifferent (e.g., the Greamdpe project supports environmental
protection and investment into alternative enesgources, while the Conservative Europe
project strives to preserve traditional valuespj&uts present roles the students can play.
Because some projects agree or disagree uponrtteessdset of policies, each player can
find a teammate to support his/her particular yodicange. There is thus a certain amount of
positive, but also negative, interdependence amstudents’ projects. The final appearance
of Europe at the end of each game session is suét of intense negotiations and voting in a
given player group. In this study, the game offexggght different projects; one for each

student. Every project offered exactly four pokcie

The intervention proceeded as follows (the otheattments differed in some points):

1. General framing: In the first two tutorial rountise teacher familiarized the players

with the game’s rules, and with controlling the gésruser interface. He informed
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players that they would compete against each atheder to win; but also informed
them that they would need to collaborate with saifit@eir peers to wirl.

Project selection and role-playing: The players tmde minutes for reading brief
textual descriptions of all eight projects. Theyevihen assigned the projects based
on their preferences. Based on the project, theheraassigned each player a member
state to play and gave him/her a flag badge amdadl $lag stand so as to better
identify with his/her state.

Project introduction: The teacher gave each plyetextual description of his/her
project (about two sheets of A4 paper) and itsgidi (4 x 1-2 sheets of A4 paper).
The players then had exactly eight minutes to thadl project description. Then they
each had exactly one minute to present the prgjecdin visions to their fellow

players (Fig. 5).

In each of the subsequent four rounds (rounds63, tine following activities took

Playing the economic layer: Players were able ifligrcontrol their states.

Policy selection: Exactly four players (selectedabgomputer) proposed a draft for a
policy change.

Policy presentation: Each of these four playersénaattly eight minutes to read
expository texts about his/her proposed policy. Meale the other four players
could control their state or read materials abalities associated with their own

projects or about policies proposed by the other fdayers. After the eight minutes

* The ranking, stemming from the students’ performeamn the diplomatic layer, served primarily asifeek.

It also informed studentshythey hold a particular rank (i.e., what policiesnpatible with the student’s

project had been accepted). The ranking had nceqoesices for students’ grades and no tangible dowas

given for winning as part of the game.
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had passed, a round of debates started. Studemtdimway from the computers and
presented their drafts for policy changes (1.5 n@gl Opponents or other proponents
could then react/ask questions during a discussioderated by the teacher (2-3
minutes for each draft).

7. Negotiation: After the four presentations, the riegimns for or against support of the
proposed policy changes started (5 minutes; notenateld by the teacher); especially
with the students representing the neutral stamwartd one of the four issues.
Students often stood up, created small clustecsehg negotiated outside the
classroom, etc.

8. Voting: The students voted on each draft presefaiecdomputers). The teacher
presented the results at the beginning of the mextd, including the players’ current

rankings in the game.

Since every project had four policies associatatl wand each student presented a
policy draft exactly twice, each student had toag®exactly two out of four policies of

his/her own free will.

Students could acquire the following knowledge laymg the diplomatic layer,
which we later on tested: knowledge acquired bdirgpexpository texts about one’s own
project and its policies, and by preparing for preations; by reading expository texts on
other projects, including associated policies; bgayving players’ behavior when playing the
respective project roles and by listening to thand by participating in the presentation of
drafts for policy changes and in subsequent negoig Concerning policies, we tested
knowledge of policy changes presented in eithedther the §' rounds (each participant

presented just one policy in these rounds).
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After the 3" round, when the game became most heated, we atenéd Flow and

PANAS questionnaires.

4.3.2. EU-no-comp Medium

This condition feature@urope 2045 diplomatic layer played without computers.
The voting system was implemented in the classrasing a ballot box (Fig. 6). It was

impossible to replace the game’s economic layatyea® it was absent in this condition.

Due to the procedure of assignment to groups (ppedix B), we set up this
treatment for 6-8 players; each playing a diffeygmject. Except for the number of players,
the debates were organized as in the EU-comp tegdt(Roints 5-8 from the description of
the EU-comp treatment above). Other procedures{®&+3) were also very similar, with
the following exception: the roughly 15 minutes al§uspent by the EU-comp players
controlling their state (Point 4; Fig. 4) includiedtead an extra break and a longer voting

process (the votes had to be counted manually).

--- Insert Figure 6 about here ---

4.3.3. Class Medium

This condition modeled, in a laboratory, a half-eayrkshop on the topic of the
European Union, as it would be implemented withgtlaool, without usingurope 2045
We strove to design the project day so that learoeuld obtain maximum learning benefits
(i.e., “the best possible” replacement). The debat®ut the European Union were a natural

part of this project day. The elements of the Eldypts condition were replaced as follows:
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1. General framing: The Class students were toldvleatlvere investigating mew
“discussion-based workshop” (to address the noegfact). The words “game” and

“competition” were avoided.

2. Project selection and role-playing: Each Classeawas paired with an EU-comp
(or EU-no-comp) learner and was assigned the ppesject. Thus the Class learners
could not choose their own projects. The teacheemnld the Class learners that
they represented their projects/states, they dideueive flag badges/stands and the
teacher told them “to study a project” rather th@play a project role”. Therefore,
the role-playing aspects were substantially suigeesNevertheless, the project and
the associated policies were interconnected irsénee way as in the game
conditions. Exactly as in the game conditions,Gless learners were instructed to

read short project descriptions for three minutes.

3. Project introduction: It was the same as in theptonditions.

4. Economic layer: It was absent.

5. Policy selection: The teacher assigned each Gdassdr a policy to study and to
present based on what his/her peer had chosea EEUhcomp (or EU-no-comp)

group (i.e., no choice was allowed).

6. Policy presentation: The Class learners had eightites to study the assigned policy
and 1.5 minutes to introduce it (as in the gamealit@ms; using the same expository
texts). After each presentation, the teacher idvither students to express their
opinions regarding whether the policy should beliagpn the EU or not, when
considering the context of “their” project. Theyudd also ask questions. The teacher

moderated the discussion (2-3 minutes per eachyoli
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7. Negotiation: It was replaced by a discussion stidotethe following instructions from
the teacher: “Now please think about how the pallttendency/view you read about
today at the beginning of class [i.e., the projastielated to the policies that have
just been presented. It can relate to them pobjtimeutrally or negatively.” The
teacher then called upon students to expressapmiions about at least a few

policies, and encouraged them to discuss thein@mpsnwith their peers.

8. Voting: It was absent. The time allotted for votifand playing the economic layer,
Point 4) in the EU-comp condition was filled in &g unrelated short film about an
EU topic. The teacher showed the film at the veny ef the workshop (around 20

minutes). Students also had two short breaks imiidele.

Finally, the introduction to the game was replalbgdn unrelated 40-minute-long
frontal lecture and by an unrelated 20-minute-lgrep-and-paper “warm up” mini-game

(both on the topics of the EU).

There are several technical issues worth commentingrirst, the knowledge we
tested could be acquired neither from the gamedniction nor from the votinger se nor

from the Class medium’s replacements of these elesne

Second, in both game treatments, four studentsapgdpghemselves for policy
presentations, while the other four read mateahtsut policies associated with their own
projects or read materials about policies propdsetheir peers (or played the economic
layer of Europe 2045n the EU-comp condition). Our pilot study showhbdt this format did
not work well for the Class medium. Because theotbur players were not motivated by

the game, they did not read the respective mages@kfully and they tended to become
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bored and irritated Because we strived for the “best possible replatginwe had to
replace four rounds of the EU-comp medium with twaunds” in the Class medium
condition. In both of these “rounds”, each participprepared him/herself for the
presentations that directly followed (i.e. all paipgants still presented a policy twice during
the day). The Flow and PANAS questionnaires weraiaidtered after the™“round” of

discussions.

Third, there could have been 6-10 students in €da$s subgroup (and not exactly
eight as in the EU-comp subgroups). A particuldicgavas nevertheless always assigned

once to avoid double exposure.

4.4 Data analysis

We analyzed data with statistical program R.3.REpre Team, 2016). Correlations
were evaluated using Pearson correlation coefficieffiect sizes for correlation were
classified according to Cohen (1988) into sma# 0.1), mediumr(~ 0.3) and larger (~

0.5).

The main effect of medium was estimated by lineeechmodel with random effect
of class and subgrofycontrolling for pretest score, age, gender, anality of school.
Quality was coded as “university”, “better high eoli, “worse high school.” The mediation

and moderation analysis was conducted based ommendations of Baron and Kenny

® Similar situations would arise in a regular classny Czech students considered the topic of theoEig
boring.

® We use the termroups class groupr simplyclassego refer to 16 participants’ groups (i.e., 14 higiool
classes and 2 college groups). We use the ¢erditionsor mediumto refer to the three experimental
conditions. We use the tersabgroupto refer to a part of the class: to 6-10 partiotpavho were assigned to

one condition together after the class had beén spl
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(1986). Because we are unaware of a standard magraminpute effect sizes with mixed
effect models, we devised our own procedtce:categorical explanatory variables, the
effect size was calculated as the ratio of thereggd contrast and the residual standard error.
For numerical explanatory variables, we comparedctinditional means of the response
corresponding to the lower and upper quartile ef¢hplanatory variable. That is, we
calculated inter-quartile range of the explanat@msable in each class group and denoted by
MIQR themedianof thesanter-quartile rangesthe effect size was then calculated as the
product of the estimated regression coefficient tiedVIQR divided by the residual

standard error. In this way, we estimated the effee comparing a somewhat lower (lower
guartile) and somewhat higher (upper quartile) eatithe explanatory variable assuming
that the remaining explanatory variables and thesclvere fixed. Similarly to Coherds
(Cohen, 1988), we classify effect sizes of numéazalanatory variables into small (~ 0.2),

medium (~ 0.5) and large (~ 0.8).

5. Results

5.1 Participants characteristics

Of 335 recruited participants, data for 325 weralyred. Participants were excluded
primarily for leaving early during the experimentedto, e.g., a medical appointment. Of the
included participants, 105 were with partly missittaga from the immediate testing session
and 40 from the delayed testing session, eithetaltechnical problems or due to omission
(see Figure 7). Thirty-eight participants did nob to post-tests. The participants with
partly missing data were excluded only from stadtests/analyses for which the missing

data would have been needed.
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We compared participants’ trait characteristics predest score variable across the
three conditions using one-way ANOVA. As shown able 2, there were no significant

differences, thus we can assume the conditions s@mpled equally.

--- Insert Figure 7 about here ---

--- Insert Table 2 about here ---

5.2 Descriptive statistics

Table 3 shows the descriptive statistics for thedependent variables. Table 4

reports correlations between all variables involirethe main analysis.

--- Insert Table 3 about here ---

--- Insert Table 4 about here ---

5.3 Positive Affect, Flow and Competitiveness

To investigate Hypothesis 1, we examined the etiéatedia (i.e., EU-comp, EU-no-

comp, Class) on panas+ and flow using linear mixedel with two media dummy variables
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measuring effects of a game (i.e., GAME; the twmganedia vs. Class) and computer (i.e.,
COMP; the two games against each other), the rand@maction between the class and
medium (i.e., the random effect of a subgroup rksta class), the random effect of class,

and four covariates: pretest score, age, gendeqaaldy (three levels):

(1) Y (panas+flow) = po + p1 pretes} + p- (gendef = female) 453 agg; + f4 (Quality; =
worse) +fs (quality; = university) +fs (condition; = GAME) + 7 (condition; =

COMP) +ni + fsubgroup"' Eijy

whereri ~ N (O,an) represents the random intercepitirclass groupEsungroup~ N (0,
c;;z) is the random effect of the subgroup, ane N (0,6°) denotes the random errorjbf

student in"" class group.

The 4" and %' column of Table 5 summarize the estimated lineaethmodel for
flow and panas+. These results showed a signifiefi@tt for the GAME variable, which
means that the Class medium is associated withr [d@we and positive affect compared to
the two game media (medium to large effect sizég)significant effect was found regarding

the COMP variable, i.e., no difference betweenttieegame media was found.

Thus,Hypothesis 1was supported: both game conditions induced higbsttive
affect and flow compared to the non-game mediuter abrrecting for pretest score, gender,

age, and school quality.

--- Insert Table 5 about here ---
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To investigate Hypothesis 2, we first tested ifogment of competition or
contentiousness is a general predictor of pana#i®wr To this end, we added either
enjoyment of competition or contentiousness asxalapatory variable to the model of type
(1). Because Hypothesis 2 presumes no relatiors#tipeen competitiveness and positive
affect/flow as concerns the non-game medium, lpasitive linear relationship for both the
game media, we also removed from the model the C@dliable (which means that in the

second model we treated both game media together):

(2) Y (panas+flow) = po + p1 pretesi + - (gendef = female) 453 age + fa (Quality; =
worse) +fs (quality; = university) +fs (condition; = GAME) + /7

(RC| .C0m¢RC| .COn) +ni+ fsubgroup"' &ij -

Results showed a significant, but small, effeatmbyment of competition on flow
(67=0.14, s.e. = 0.06, effect size = 0.8, .05) and panas${= 0.18, s.e. = 0.05, effect

size = 0.28p < .001). The effect of contentiousness was nolifiagnt.

As the second step, we added interaction termtireenodel of type (2), i.e.fs
(condition; = GAME) (RCIl.compRCl.con)”. The interaction ternfs was not significant in

any of the four models.

This means thdtlypothesis 2awas partly supported: there is a positive linear
relationship between enjoyment of competition aadgs+/flow, but in all three conditions
(i.e., not only when the game media are consideMal)elationship between contentiousness

and panas+/flow was revealed (neither when thegave media were combined, nor when
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the non-game medium was considered). Because thigarae medium is associated with
lower panas+/flow and the slope of the regressimbetween the posited moderators
(RCl.comp, RCl.cont) and panas+/flow does not cleaignificantly,Hypothesis 2bis not
supported: we cannot conclude that the Class menhdated higher panas+/flow for the

least competitive participants.

5.4 earning Effects and their Relation to Positive Afect/Flow

In order to investigate Hypothesis 3, we examiedeffect of medium on scorel,
score2 and decline using linear mixed model of {ipevith scorel, score2 and decline as
dependent variables (Table 5; Col. 1 — 3). Thelt®@showed effects for the Class condition,
such that participants in this condition achievieghisicantly lower scorel (small to moderate
effect size) and significantly lower score2 (modetfect size) compared to the two game
media. Their knowledge decline was marginally latban knowledge decline of the game
media participants (small effect size). No suckafivas found regarding the COMP variable
(i.e., when the two games were contrasted). Regautiffering contribution of our four
knowledge tests to the differences between thesGlad the other two media, the most
influencing was the test on the names of all pediciscussed that day, followed by the test
on the process of negotiations, the test on thigegent’s project and on the policy (see
Online Resource 2). The Class medium was conslgtentse than or equal to the two game

media across all four tests in both time points.
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Thus,Hypothesis 3was supported: the games improved learning anad s€oeved
forgetting (after correcting for pretest score, dmage and school quality). The effect sizes

were in small to moderate ranges.

We now turn our attention to Hypothesis 4. The twg conditions (according to
Baron & Kenny, 1986) needed to establish if posiaffect/ flow positively mediate the
influence of medium on learning outcomes (see Eigyralready hold: the independent
variable (i.e., educational medium) affect the pt&e mediator (i.e., panas+, flow) and the
independent variable (educational medium) affeetdbpendent variable (scorel, score2,
decline). We now need to do the following: usetiipe (1) model with scorel, score2 and
decline as dependent variables and add to it péifas-&s an independent variable, i.6s “
(panas+/flow”. With the resulting six models, we need to indpes if panas+/flow affect
scorel/score2/decline, and b) if the effect of medon scorel/score2/decline is less than it
is in the complementary models without the adélgparameter (which are models from

Table 5, Col. 1 — 3).

The results concerning subquestion (a) are depict@édble 6: the affective variables
have a significant or marginally significant effect learning variables, with the exception of
the flow— decline combination. Effect sizes are much lafgepanas+ compared to flow.

As concerns subquestion (b), in the three modédls panas+ as the explanatory variable
(and scorel, score2 and decline as dependent tea)iatihe effects for the GAME variable
(i.e., estimates gfs) were not significant and their absolute sizesans@pund half of
complementary effects from the models without theéeslfs parameter (from Table 5, Col. 1

- 3). This means that panas+ indeed mediates mékief educational medium on learning
outcomes. In the three models with flow as the axgtory variable, the effect for the GAME
variable remained significant or marginally sigcdfnt and the absolute sizes of the estimates

of s decreased by less than 15%. This means that flasssnet confirmed as the mediator.
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--- Insert Figure 8 around here ---

Because panas+ and flow are related constructalsedested a model, in which both

were used as explanatory variables at the sameitene

(3) Yjj (scoreIscoreZdecling = fo + f1 pretesf + f> (gendef = female) +5; agq + fa
(quality, = worse) s (quality; = university) +fs (condition; = GAME) + 7

(condition; = COMP) +fg panas+; + fo flow;; + ;i + Esubgroup &ij.-

The results attributed the power to explain theiporof the between-media

differences in knowledge gain solely to panas+aw@athan flow (Tab. 7).

Hypothesis 4is thus supported as concerns panas+ but nonhagees flow. This is
one of the key findings of this study. For illusiva purposes, the relationship between

panas+ and delayed test score is depicted graphicadligure 8.

--- Insert Table 6 about here ---

--- Insert Table 7 about here ---
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5.5 The Differences between the Two Game Conditions arferceived

Difficulty

Concerningexploratory Goal 1, the differences between the two game media were
negligible in cognitive and affective dimensionslfT 6,57). This means that effect of
computers as delivery devices (and the econom@ lalthe game absent in the EU-no-

comp condition) is probably negligible.

There was also no difference between our threeittonslin subjectively perceived
difficulty (one-way ANOVA,F(2, 310) = 0.46MSE= 3.18,p = .63,112 <0.01). This
indicates that intrinsic complexity of the intertims was probably similar in all the

conditions (including the two games).

Concerning practical differences between the twoedelivery technologies, our
informal observation is that participants played ¢iames very similarly. It took the teachers
about 20% longer to explain controlling the compggme (including the economic layer),
but the voting process took comparably longer wihengame was played without computers.
More preparation was involved with the EU-no-coropdition, but the advantage was

avoiding possible technical issues with computers.

5.6. Other Results

We see that the school quality substantially infleesd the resulting test scores (Tab.

6) such that students from worse high schools sicsigmificantly lower (large effect sizes).
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Positive affect and flow of these students was lag@r (small to moderate effect sizes).
These are meaningful outcomes, indicating thaktimvledge tests were valid and the
treatments were probably more useful (given higleeras+ and flow) for higher achieving

class groups.

Differences between male and female participants wegligible concerning the key

cognitive and affective variables (Tab. 6).

Both the correlation matrix (Table 5) and five Emenixed models of type (2) with
frequency of game playing as explanatory variaide, ;) showed negligible influence of
previous game playing experience on affective ayghitive variables (afps > .1; negligible

effect sizes). This indicates thatirope 2045an work even for non-gamers.

For the sake of completeness, we also explorethtlience of two dimensions of
competitiveness on learning gains using six limeeced models of type (2) with enjoyment
of competition or contentiousness as additionalaxgiory variables and scorel, score2 or
decline as dependent variables. This influencenegdigible (allps > .1; negligible effect

sizes).

6. Discussion

We investigated a positive affect—learning linkhe context of digital game-based
learning. We postulated that if a specific debatsddn educational method were framed
within a game-based medium (specifically, withisozial role-playing game with a mild
form of competition and with some collaborative &), learners’ generalized positive

affect and flow states would be higher comparededovering these debates via a non-game
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medium (Hypothesis 1). Likewise, we posited thaténg would be enhanced with the game
(Hypothesis 3). We also postulated that positivecfflow state would mediate the influence
of educational media on learning gains (Hypothéxi¥Ve also explored whether there
would be any relevant differences (in terms of pessiaffect, flow, and learning outcomes)
between the game being played on computers vsouiitihem (Exploratory Goal 1). Finally,
because a form of competition was involved in thmg, we also hypothesized that
enjoyment of competition and contentiousness (aticipant traits) would be related to
positive affect/flow in the two game conditions (thesis 2). Despite the obvious nature of
our research questions, this study is in fact drikeofirst to investigate them explicitly.
Unlike many previous DGBL studies, we created \&myilar learning experiences in our
three experimental conditions — doing our bestress specifically the teacher effect and

the length of the exposure effect, while usinggame learning materials.

6.1 Positive Affective States and Learning

Key findings indicated thdioth game-based conditions elicited a comparatively
higher positive affect and flow (Sec. 5.3). Paptacits learned more when the educational
debates were delivered via either of the games &4y; and positive affect, but not flow
levels, positively mediated the influence of theeational medium on learning gains (Sec.
5.4). Thus, Hypotheses 1 and 3 were supported gpdtHesis 4 was partially supported.
Because we found that the higher the positive affes the lower memory decline was (Tab.
5, 6), there was influence not only between pasitiffect and cognitive processes involved
in the initial knowledge acquisition, but also beem positive affect and subsequent memory

(cf. Reisberg and Heuer, 2004; p. 20).
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This study thus uncovered one example of treatitinettis able to instigate positive
affectand alsoboost learning: a certain type of social role-pigygame built round a
specific form of debate. In terms of our explanatoamework, CATLM (Moreno, 2005),
this means that our game-based treatments feadared elements increasing positive
affectivity and these elements helped to recruditazhal cognitive capacity for processing
learning-relevant information: greater additionsbacity than was spent for processing of
these elements. The amount of distraction causelddse elements was probably low. In our
opinion, these elements included mild competitioth Wwoth negatively and positively
interdependent learner goals (i.e., with a toucbatiéboration), and team role-playing (see

Table 1).

To what extent do our results generalize? Our figduns, to some extent, parallel to
several other findings from the DGBL field (Corda&d.epper, 1996; Giannakos et al.,
2013; see also Sabourin & Lester, 2014), the meliinresearch field (Um et al., 2014;
Plass et al., 2014; van Der Meij, 2013; Brom et2114a) and motivation research
(Vollmeyer & Rheinberg, 2006). Yet there are alBalges in these fields with null results,
mixed results, or negative results concerningitiledetween affective and cognitive
variables (Adams et al., 2012; van Dijk, 2010; Ig&eRetko, 2014; Plass et al., 2013,
Ritterfeld et al., 2009; Stege et al., 2012). Whilere seem to be more positive findings than
truly negative ones, it is clear that one canngieek that results from one DGBL (or
multimedia learning) study would automatically apfar a different treatment. What is
important are the intervention elements, for whbese elements are used, and under what
conditions. So far, studies have been diversiiggghrding participants’ ages and their other
characteristics; the type, instructional and eatement quality of treatments; treatment
elements assumed to influence affective varialfescontext in which treatments were

administered; the affective variables measuredthaaneasurement instruments.
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Therefore, the results of the current study caridrejow, probably generalized
within the following context only. We can expecattsimilar competitive-collaborative,
social role-playing games delivering debate-baskata&tional methods (but diverse topics)
and played by similar audiences over a similar amhofitime will increase positive
affect/flow and, consequently, learning gains: wleetor not computers are used to play the
game. This may seem to be a slightly limited figgliout then again, it is actually unlikely
that the findings of any DGBL study would genemlizeyond the genre of the game in
guestion, its game mechanics/elements, the tangk¢ace and the way the game was used.
We also note that such social role-playing gamesiaed in classrooms, such as ones for
teaching history (e.g., Mochocki, 2013), but infatran about their learning effectiveness is
limited. Our finding thus not only provides new kmledge on an abstract level, it has

practical relevance as well.

On a more theoretical level, above average gemerhpositive affegblusthe
experiencing of flow share many characteristichaitransient affective state called engaged
concentration (Baker et al., 2010; cf. D’Mello a@dcaesser, 2012). It is thus possible that this
study’s outcome is an incarnation of a (hypothétganeral rule stemming from the
CATLM: “higher engaged concentratier higher learning gains [provided the additional
cognitive load is low]’. However, to our knowledgegt only is precise operationalization of
the engaged concentration presently lacking, thistuct can actually be multidimensional.
For instance, whereas in our case generalizediyoaifect was a stronger predictor of
learning gains than flow state, the reverse seeambd the case in the study by Brom et al.
(2014a), where college participants learned indialy how to brew beer during a two-hour
educational simulation. The relationship betweegaged concentration and learning can
also be reciprocal and/or mediated, e.g., via ceéamgmotivation (Pekrun and Linnenbrink-

Garcia, 2012).
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To conclude, systematic research is now needed/éstigate the link between
learning gains and various affective variablesgieirtg to positive affectivity. This should
include precisely operationalizing the conceptrajaged concentration. Parallel research
guestions asking what game elements are most bexiédir increasing positive affectivity

and for learning are of equal importance.

6.2 Mild Forms of Competition

In this study, the enjoyment of competition (agspdsitional trait) was positively
related to positive affect and the experiencinfja, but contentiousness (as a dispositional
trait) was not (Sec. 5.3). This, with one minoregion, applied to all three conditions. Less
competitive participants did not enjoy the non-gameslium more. Hypothesis 2a was thus
only partially supported and Hypothesis 2b wassupported. At the same time, enjoyment
of competition was not related to learning outcorf@ectionChyba! Nenalezen zdroj

odkazi.).

These outcomes are probably caused by the factdabetition inEurope 2045
featured collaborative aspects and also elemeatsaire supposed to contribute to
competition’s constructiveness (summarized by Johig&sJohnson, 2009); winning was
relatively unimportant, all participants had a m@able chance of winning, and there were
unambiguous rules and criteria for winning. Moreptee “reward” arriving after every
game’s round (i.e., the current ranking of playe#sich included the list of already accepted
policies compatible with the student's projectiachg provided participants informative
feedback. Such “informative feedback” rewards tenthcrease participants’ intrinsic
motivation (unlike tangible rewards, which tenddecrease it; see Deci et al., 1999; Cameron

et al., 2001; see also Hattie and Timperley, 200The positive effect of these elements was
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more pronounced for participants with lower lev&lenjoyment of competition, that would
explain the pattern in our findings. In any cassgduse types of competition detrimental to
learning exist (Johnson et al., 1981), it is impottto investigate what types of competition

work for whom and in what kind of games.

Enjoyment of competition (as a dispositional traigs also related to positive
affect/flow in the non-game medium. More reseanth the relationship between enjoyment
of competition (as a dispositional trait) and parfance in the context of collaborative
learning in general, and debate-based educatioetiads in particular, should help to

elucidate this finding.

6.3.Team Role-Playing

The positive effect of role-playing has been docotee in some areas (see
McGregor, 1993), but it has not received as mutdgm#bn as it deserves in the DGBL field.
Non-computer social role-playing games are usediurcational contexts (e.g., Gjedde, 2013;
Mochocki, 2013), but information about their efigeness is even more limited than in the

case of digital games (see Bowman, 2014).

In this study, we cannot separate the effect od mampetition from the effect of
team role-playing (in the two game conditions)ll,Stur finding is consistent with the idea
that team role-playing contributed to an increaspasitive affect and flow; and perhaps, in
turn, in learning gains. In this regard, it is esplly comforting that perceived difficulty was
not higher in the game conditions compared to tregame condition (Sec. 5.5), because
there is some evidence that role-playing activitiesld present a burden for some learners.
Specifically, in the case @urope 2045they can be stressful for social interaction-angi

male participants (Brom et al., 2014b). At the s@ime, team role-playing can be
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particularly effective when it gives learners al@égsense of control compared to the non-
role-playing activity (see Pekrun, 2006), which vadso the case ddurope 2045
Considering all points together, the results of 8tudy provide justification for future

research on the positive effects of various tygdésam roleplay in the DGBL context.

6.4 Computer Game or Non-Computer Game?

In this study, cognitive and affective outcomesev@arkedly similar in both game
conditions (Section 5.5). For inevitable techniessons, the two game conditions differed in
three variables rather than just one (presenceaiabs# computers as a delivery technology;
presence/absence of the game’s economic layemlardge number of participants in one
group (slightly lower in the non-computer game; seedescription of the EU-no-comp
treatment and Appendix B)). This is not ideal, big common in intervention studies that
use complex authentic treatments (as opposedificialiaboratory treatments). It is thus
impossible to conclude with certainty that the pre of computers had no influence on
learning. However, it seems most probable thairtth@ence of all three variables was in fact
small or negligible: both in affective and cogratiterms. At least, based on our informal
observations, it seemed that the participants pléygeh game variations similarly. Therefore,
we now hold that the mere presence of computetsera@nhances nor hinders learning in

the DGBL context.

In light of decades of research on instructionehtmlogies’ impact on learning (see
Clark, 2012; Cuban, 2001), the above result issagprising. It is widely held that when
potentially confounding variables are controlled fbis reasonable to expect no
educationally relevant differences when the sammiag experience is delivered by two

different technologies (Clark, 2012; Morrison, 19%till, asking if such a pattern will also
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hold in a new context (i.e., in DGBL) is justifie@n the one hand, some DGBL proponents
presume thatigital media have certain hidden qualities compared laetd, non-digital

media as concerns learning (Prensky 2001; Tap<@88); on the other hand, acceptance of
digital games at schools is not automatically goteed (e.g., Bourgonjon, Valcke, Soetaert,
& Schellens, 2010; Courtois et al., 2014). One d@dilis be uncertain as to whether playing
games on computers in the formal schooling cordekiances or hinders learning compared
to playing non-computer games. This study supgbesnodest position that delivering
game-based learning on computers probably is ba deal for high school and college

students.

That said, even if the lack of “computer effect”ymweot be surprising for educational
researchers familiar with the history of instrunfb innovations in classrooms, it is relevant
for those who study the instructional advantagesesf affordances of computers. It suggests
that if a computer game, or a similar applicatisrgugmented with some tools that can be
implemented only when using computers, the compeigversion will outperform the non-
computerized one: as long as the tools offer legradvantages (cf. Tamim et al., 2011,
Higgins et al., 2012). (We point out here that stoals were purposefully removed from the
computerized game in the current study.) Our figdsalso important for those studying
collaborative learning methods. By incorporating tgame-type media into the study, we
conducted what is calladedia replicationRoss & Morrison, 1989). Media replications are
useful in suggesting the robustness of the impliaistructional methods on learning across
more media. Our result demonstrated such robustaetize debate-based method embedded
within a role playing, game-based activity featgrinild competition with a touch of
collaboration. The method is similar to more widesed academic controversies (Johnson,
Johnson, & Smith, 1996; Online Resource 1), whiahehbeen somewhat ignored by the

game-based learning community. Our study thus ateégthat academic controversies (and
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their derivations) are a promising educational radtfor team-based learning games; no

matter what technology is used for playing the game

6.5 Limitations

A recurring lament of many educational researclsetisat media comparison studies
are problematic due to a) many potentially confangdariables and b) the multi-
dimensionality of the difference between the experital and control treatments (see, e.g.,
Clark, 2012). The oft-mentioned remedy is to codatue-added studies to isolate
treatment elements that contribute most to lear(eng, Vandercruysse et al., 2013). While
we do agree with the gist of the criticism, we &edi that the problem lies in individual
studies rather than in the method per se. Firstyncanfounding variables can be, at least to
some extent, controlled for. Second, value-addediest are also subject to Type (b)
criticism, because “elements” of interest are tgfycmultidimensional constructs. For
instance, as already stated, there are many tyfpesnpetitions (e.g., cf. this study, Ke,
2008, and Plass et al., 2013). Which dimensionsribarte to learning and which are

detrimental to learning?

Rather than viewing one research method as bepeyisu to another, we see them as
complementary. Carefully conducted media comparsodies can suggest promising
elements, which can be later investigated in daetaig value-added studies (such as
competition and role-playing). One should be preg@do tackle the confounding variables in
both types of studies; likewise, one should be ameg for the fact that “elements” that once

seemed elementary can later be deconstructed.
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We did our best to equalize the learning experigmteéhe three conditions as much
as possible: keeping the instructional medium atily difference. However, it was not

always possible to achieve this goal.

First, participants in both game conditions wergaged in four repetitions of the
debates; each repetition with (around) four presents. However, the participants having
the non-game medium were engaged in two repetititins(around) eight presentations
each. It is possible that the latter format cowdddss effective, because acquiring a complex
view of political directions and policies may needre repetitions. However, as stated (see
Section 4.3.3), our pilot showed that the 2 x &mgement worked better for the non-game
condition than the 4 x 4 arrangement. Thereford, W@ insisted on the 4 x 4 arrangement for
the non-game condition, the game’s positive effemtld likely have been even more
pronounced. This brings us to the following questmr future research: is it the case that
repeated debates must generally be implementethvgémes or engaging contexts, because

they otherwise become boring due to a long exp@sure

Second, based on the 2 x 8 arrangement, the nor-geedium patrticipants had 16
minutes for reading expository texts about policvesile the game media participants had
the same 16 minutgdusanother 16 minutes during which they could eitlead the
expository texts, control the economy of theires{@&U-comp medium only) or do nothing
(see Fig. 5): some of them used that time to sty encouraged Class participants to study
the expository texts during longer breaks, but tteegly used the time for this. We have
three reasons to believe that the effect of thieaedme was small to negligible. A) In
general, the higher the positive affect was, tleaggr the learning gains were. Would the
positive affect of the non-game medium participdraee increased had they been forced to
study the expository texts longer? This seems eblilespecially because they generally

refused to study the texts during extra breakse-taRkts per se were rather boring. B) The
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expository texts were about policies (and partlgwlprojects) and there were small “game”—
“non-game” differences regarding test questionpalities and projects (Sec. 5.4; Online
Resource 2). C) The time for reading also diffesechewhat between the two game
conditions (because of the presence/absence gathe’s economic layer), but no notable
differences in test scores were detected betweetwih games. It thus seems that there was
enough time for reading in all the conditions. Rattihan more time spent reading expository
texts, it seems that the quality and the depthodéy presentations, discussions and
subsequent negotiations (which were more heatedhashepth in game conditions)

contributed to “game”-“non-game” differences.

Therefore, in our opinion, these two differencesndbundermine the main research

conclusions.

Retrospectively, another limitation of this stu@nd of many other DGBL studies
with the level of competition as a manipulated afake) is that we did not measure the
perceived level of competition. Note that we fouhdt competitiveness, as a dispositional
trait, had some influence on induced positive d@fgy in the seemingly non-competitive
treatment (i.e., the non-game condition). This ddag due to either of the following two
reasons. First, debates per se could be percesvsiiatly competitive activities. Second,
competitiveness (as a dispositional trait) is negat related to social interaction anxiety (as
a dispositional trait) in case &urope 2045Brom et al., 2014b) and social interaction
anxiety could influence positive affectivity in &gnents where participants have to interact
with their peers. Had we measured the perceivesl Evcompetition, we could have better
addressed this issue. Such a measure should brpamated into future studies pertaining to

competition.
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Finally, it is possible that with a richer reseanshthod (e.g., videotaping the learning
session), we could find some differences betweempcder and non-computer games that
cannot be captured by written self-reports and kedge tests. This could be an interesting

research avenue.
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Figure 1.Schematic depiction of this study’s hypothesesHt8,,and H4.
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2%

EU-comp EU-no-comp Class
Brief description of all projects Brief description of all projects Brief description of all projects
(3 min) (3 min) (3 min)

Studying own project’s
description (8 min)

Studying own project’s
description (8 min)

Studying own project’s
description (8 min)

Projects’ presentations

Projects’ presentations

Projects’ presentations

(8 x 1 min) (8x 1 min) (8x 1 min)
Studying b :“’:‘?mit":t"’e’ Studying *Reading texts . . .
proposed : Nza:h::: exts proposed «Nothing Studying aSSIgned policy
policy (8 min) (8 min) policy (8 min) (8 min) (8min)
i Policy presentation (1.5 min) ax Policy presentation (1.5 min)
Discussion (2-3 min] Discussion (2-3 min) 9 Policy presentation (1.5 min)
x . . L .
Negotiation Negotiation e
(5 min) (5 min)
* Economiclayer : . . .
+ Readingtexts Studying Read!ng texts Studying Moderated discussion
Nothi proposed *Nothing proposed .
* Nothing . . > . . (10 min)
(& min) policy (8 min) (8 min) policy (8 min)

ax Policy presentation (1.5 min)
Discussion (2-3 min)

ax Policy presentation (1.5 min)
Discussion (2-3 min)

Additional breaks
(readingtexts possible but rarely
done)

Negotiation
(5 min)

Negotiation
(5 min)

62

Figure 5.Comparison of the learning activities in the theceaditions.
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treatment. Nine ballots for nine drafts of polidyanges are depicted. Right: A teacher
standing next to the ballot box announcing theltesm the EU-no-comp treatment. The
most recent proposals are written on the boardnléiim/her (top), as well as the players’
latest rankings (bottom). There are ballots fomvittial drafts of policy changes on the table

with the ballot box. Adopted from Brom et al., 2014
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Table 1
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The crucial differences between the educationalianesled in this study.

Medium
computer game non-computer non-game
game workshop
Technology computers pen and paper pen and paper
Media mild competition mild competition -
features team role-playing team role-playing -

Educational method

Topic

debates debates debates

EU's policy agenda EU'’s policy agenda EU'digoagenda
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Table 2

Means and standard deviations (in parenthesespdaticipants’ trait characteristics and

pretest score for the three conditions

Condition

Variable EU-comp EU-no-comp Class p®

Pretest score 20.50 (5.32) 20.76 (5.47) 201 688) .94

Frequency of  1.69 (1.04) 1.75 (1.00) 1.80 (1.01) .61
game playing

RCl.comp 33.29 (7.37) 31.94 (7.56) 31.7448.6 .39
RCl.cont 16.61 (3.96) 16.01 (4.25) 16.38 (%.67 .53

% values are for ANOVA model with random effect tdss.
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Means and standard deviations (in parentheseshfeikey dependent variables for the three

conditions

Condition
Variable EU-comp EU-no-comp Class
Scorel 31.35(5.77)  31.60 (5.29) 29.58 (7.58)
Score2 28.15(6.06)  28.01 (6.28) 24.19 (8.51)
Decliné 2.84 (4.28) 3.51 (5.02) 4.58 (4.47)
Panas+ 30.95 (6.34)  30.84 (7.21) 26.00 (6.77)
Panas— 17.86 (6.11)  18.00 (6.27) 18.06 (6.15)
Flow 50.86 (8.28)  49.65(8.36)  46.18 (7.77)

Note.Some of these data were already presented irtubg Brom et al., 2014b) that has a

partial overlap in the dataset with the preserd\stiihe data in this table somewhat differs

from those presented in the previous study. Theoress that the present table concerns the

whole sample, but the previous study only a subsatnp= 127).

®A higher value means a higher decline.
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Correlations between measures
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Variable 2 3 4 5 6 7 8 9 10 11
1. Pretest =17 24 xx* A1t .18** 14> A7 -.01 244 - 01 .26%**
2. SIAS — -390 43 02 .08 .03 .04 -.10 245 Sk B i
3. RCl.comp — 300+ 12% A2t .14* -.05 297 .08 245
4. RCl.cont — .04 .05 .06 .03 .08 -.12* A13*
5. Freq. ganfe — .02 .01 .08 .08 .08 .08
6. Scorel — 78R 21 26"+ .10 215
7. Score2 — S AR QxR 14 .30%**
8. Decline — =21 -.06 -.07
9. Panas+ — - 11* B3F**
10. Panas— — - 29%**
11. Flow —

Note.Some of these correlations were already presemtipeé study (Brom et al., 2014b) that

has a partial overlap in the dataset with the presteidy. Correlations presented here

somewhat differ from those presented there, bedigspresent table concerns the whole

sample, but the previous study only a subsanmmptel27).

*Frequency of game playing.

tp<.10 % <.05 **p< .01 ***p<.001



Table 5

Estimates for models of five dependent variables

Dependent variables

Explanatory
variables Scorel Score2 Decline Flow Panas+
Pretest£;) 0.12 (0.07) 0.16 (0.08) -0.02 (0.07) 0.37 (0.09) 0.27 (0.07)
[0.13] [0.17]* [-0.02] [0.31]%=* [0.26]***
Gender (= F)4) 0.12 (0.75) 0.56 (0.83) -0.33 (0.66) -1.29 (0.93) -1.26 (0.79)
[0.02] [0.10] [-0.07] [-0.18] [-0.20]
Age (53) 0.02 (0.31) 0.25 (0.41) -0.20 (0.25) 0.40 (0.44) 0.05 (0.35)
[0.00] [0.05] [-0.04] [0.05] [0.01]
Quality? p = .002* p = .006* p=.991 p =.088t p=.097t
Quality -4.45 (1.07) -5.21 (1.46) -0.05 (0.70) B(3.52) -2.44 (1.13)
(= worse) g4) [-0.83]** [-0.93]** [-0.01] [-0.46]* [-0.39*
Quiality 5.64 (2.27) 4.85 (3.00) -0.20 (1.67) -3(829) -2.56 (2.57)
(= univ.) (Bs) [1.06]* [0.87] [-0.04] [-0.53] [-0.41]
Conditior? p =.033* p = .000*** p =.099t p = .000*** p = .000***
GAME (Bs) 1.77 (0.76) 3.36 (0.83) -1.30 (0.64) 3.97 (0.90) 4.78 (0.73)
[0.33] [0.60]*** [-0.29]t [0.55]** [0.76]***
COMP -0.82 (1.01) -0.11 (1.10) -0.46 (0.82) 1.648 0.69 (0.96)
(87) [-0.15] [-0.02] [-0.10] [0.23] [0.11]
"o, 1.097 1.958 0.000 2.103 1.426
"o 0.937 1.079 0.000 0.895 0.001
© 5.278 5.522 4.497 7.198 6.255

Note.Standard errors are given in parentheses and seifes in brackets.

*Tests of significance of factor variables with thievels (likelihood ratio test).
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tp<.10 % <.05 **p< .01 ***p<.001
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Table 6

Estimates fops parameter for six different models with variousntmnations of dependent

(columns) and explanatory (rows) variables.

Dependent variables
Explanatory variables

Scorel Score2 Decline
Panas+ 0.17 (0.05) 0.33(0.06) -0.14 (0.05)
[0.28]* [0.55]*** [-0.28]**
Flow 0.08 (0.04) 0.10 (0.05) -0.02 (0.04)
[0.16]t [0.18]t [-0.04]

Note.Standard errors are given in parentheses and sifes in brackets

fp<.10 **p<.01 **p<.001
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Table 7

Estimates fops andfs parameters for three different models of type (3).

Dependent variables
Explanatory variables

Scorel Score?2 Decline
Panas+/s) 0.16 (0.06) 0.36 (0.07) -0.18 (0.06)

[0.27]* [0.61]** [-0.36]**
Flow (5o) 0.00 (0.05) -0.05 (0.05) 0.06 (0.05)

[0.01] [-0.10] [0.14]

Note.Standard errors are given in parentheses and sifes in brackets

* < .01 **p< 001
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Appendixes

A. Questionnaires and Tests

This appendix introduces self-assessment and kidge&lquestions from the pre-

guestionnaire and three of the four knowledge tes¢sl in the study.

A.1 Prior Knowledge Questions from Pre-questionnaie

1. | follow events on the international political €ene:

a. not at all

b. once a weel{select whatever options app/, online, radio, print media, other
SOUIMCES...eviineeieeiaienanans

c. 2-3 times a weelkselect whatever options appliy/, online, radio, print media, other
SOUIMCES... v vineeieeaaieninans

d. daily (select whatever options appliy, online, radio, print media, other

SOUICES........ciiiii i

2. Are you able to explain what the accession crit@ are for a country wishing to

join the EU? (indicate your ability on a scale of 1 (not at)alb (definitely yes))

3. On topics related to the European Union | consiel myself to be:(select one

answer)

a. A beginner. | know a little about it.

b. Slightly advanced. | have average knowledge.
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c. Advanced. | know quite a bit.

d. I don’t know anything. | am not interested in ttopic.

4. When | hear about political events in the EU, tan imagine what influences

political decisions. (indicate your ability on a scale of 1 (not at alfy (definitely yes))

5. Subject — The Basics of Social Sciengselect one answer)

a. This is my favorite subject.
b. I find it generally interesting. | am often inteted in the topics discussed.
c. | am not really interested. Most topics do notrese me.

d. Itis my least favorite subject. | literally havenagative relationship to the subject.

6. Who is the current president of the European Comission?(select one answer)

a. Herman Van Rompuy
b. Catherine Margaret Ashton
c. Vladimir Spidla

d. José Manuel Durao Barroso

7. How many member-states does the EU currently ha? (select one answer)

a. 12
b. 15
c. 27

d. 28



8. When did the Czech Republic join the EU?select one answer)

a. 1998
b. 2001
c. 2003

d. 2004

9. Stefan Fiile is the Czech Republic Commissionesrf (select one answer)

a.Employment, Social Affairs and Inclusion
b.Enlargement and European Neighbourhood Policy
c.Agriculture and Rural Development

d.Health and Consumer Policy

76
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A.2 Policy Test

Sample Policy Test. This test is for “Immigratigoglicy.

1) Please list five words or combinations of watttkst in your opinion best describe
the topic of the EU Common Immigration Policy tlyatl read about today. Please give a

detailed response, as in the following example.

Example: Please list five words or combinationsvofds that in your

opinion best describe the topic of the Kyoto Protalat you read

about today.

1. reduction of greenhouse gas emissions
2. international treaty

3. global warming

4. IPCC

5. USA hasn't signed yet

2) Write down five main benefits that an EU Comnimmigration Policy would
have for member-states and for the EU in generdb(ats residents). Please draw on the
same positions that you presented during todaysrse. Imagine that you are summarizing
your main, factual arguments in favor of introdwgthis policy during a meeting of the

Council of the European Union.
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3) Were a Common Immigration Policy for all EU mesmistates to be introduced, it
is to be expected that it will limit, on the paftimmigrants, abuse of ............ Fill in the

missing text.

4) What are the positive impacts of legal migrationEU member-states?

a. It will lead to an inflow of financial resourcégat immigrants bring with them.

b. It will help with business and cultural exchamgd#ween countries.

c. It will reduce the degree of extremist behavunosociety.

d. It will help counter the negative consequendel@overall aging of the European

population.

5) The FRONTEX Agency:

a. Handles EU asylum policy

b. Coordinates cooperation between the borderagdrvices of individual member-
states

c. Ensures the functioning of the EU Coast Guavd@the coast of the
Mediterranean Sea

d. Ensures the inclusion (integration) of immigsimt EU member-states
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A.3 Project Test

Sample Project Test. This test is for the “Libexali project.

1. Some of the terms shown below relate directihtissue of liberalism. Circle
those terms. For the terms that do not relatedasgue of liberalism, please cross them out.

Do not do anything to the other terms (i.e. docwate them, do not cross them out).
1. human rights
2. cultural identity
3. Milton Friedman
4. anti-totalitarian
5. individualism
6. personal ownership
7. revolutionary
8. Winston Churchill
9. collectivism

10. John M. Keynes

2. Please write inside the empty oval the namaepblitical movement that you

received. In the space around it, fill in key terthat relate to this political movement.
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A.4 Negotiation Test

All students received the same Negotiation Test.

1. Describe in several sentences what negotiatepgss/ou would take in order to
achieve the implementation of this policy. Do nvegletailed arguments, only list the steps

in the negotiations.

2. List five words or combinations of words thalmur opinion best describe the

weaknesses and inadequacies of the EU's currerstialeenaking process.
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B. Assignment Conditions

The assignment to subgroups occurred as follovesoftimal number of participants
in each subgroup was eight. Table B1 shows howe ldrg subgroups were when a number of
participants other than 16 or 24 arrived. Participavere matched based on their pre-test
score in the following way: in cases of 19 or Ipagticipants, pairs and usually also a few
singles were formed (see Table B1). Singles wdeetsal randomly. In cases of 20 or more
participants, trios and usually also a few pairsingles were formed. Members of the
pairs/trios were then assigned to the subgrouporaly. Singles were assigned according to
the table. In case this random assignment resimitadituation in which the male/female
ratio in the subgroups differed and could be imprblay an exchange, the researchers
swapped members of one or two randomly chosen rer&gairs/trios. Sometimes, one or
two students had to leave before the experiments i such cases the student was assigned

to the Class condition.



Table B1

Assignment to conditions
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Size of the Whole

Condition Nam

EU-comp or El-no-

Group comp Class EU-no-comp
15 8 7

16 8 8

17 8 9

18 8 10

19 8 11

20 8 6 6
21 8 7 6
22 8 8 6
23 8 7 8
24 8 8 8
25 8 9 8
26 8 10 8
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On-line Resource 1: Academic Controversies and Reaed Tri-

stance Debates

All three treatments used in this study are orgatharound a specific debate-based
educational method, which is naturally embeddezkmain team-based games. In fact, this
method is a blend of classical debates and a ssfc¢é3ohnson, Johnson, & Smith, 1996)
educational method callectademic controvergpr justcontroversyin the following text).
We call this methodepeated tri-stance debatad the purpose of this text is a) to explain
why it is so and b) to detail advantages and daathages of this method in comparison to

academic controversies and classical debates.

Academic Controversies

For clarity, we first introduce classical acadewoatroversy. It is a small-group,
collaborative teaching method that encourages astade represent one of the extreme
positions in a controversial, bipolar issue; argusupport of it with peer learners who
represent the opposite position; then switch thieivs and eventually reach a consensus
within the whole group (Johnson et al., 1996). $tmiching of views and arriving at a
consensus is usually absent in pure bi-polar depateich are an inferior educational method
to controversies (Johnson et al., 1996). Acadentroversies and debates share certain
characteristics important for learning but differothers. The shared characteristics, as

conceptualized by Johnson et al. (1996; p. 8), are:

a) categorizing and organizing information to dermwonclusions;

b) presenting, advocating, elaborating positions rationales;

) being challenged by opposing views;
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d) conceptual conflict and uncertainty about theexiness of one’s own views;
e) epistemic curiosity.
However, only controversies enable:
f) perspective taking;

g) engaging learners in reconceptualization, sygihend integration.

Repeated tri-stance debates

We now introduce similarities and differences betweontroversies and repeated tri-
stance debates. Similarly to controversies, regdatstance debates create situations, in
which students represent certain views, argueppatt of them and discuss them with
students representing oppositeneutralviews. Students representing a neutral view cam al
side with either of the extreme positions at tigil. Repeated tri-stance debates constitute
the core of game mechanics of a subtype of soamakg, which includes games such as
Diplomacy andEurope 2045In these games, discussions among students (p)dyecome

negotiations in order to pursue the game’s goal.

The first key distinction between controversies egkated tri-stance debates is the
presence of the neutral views in the latter methdgkstance” in the method’s name means
the three possible positions: negative — neutpaisitive. The second distinction is that the
latter method enables repeated, thematically mdlaliscussions (in games, these repetitions
happens in different gammeundsg. This is reflected by the word “repeated” in thethod’s

name. The third distinction is the absence of $virig the views.

" Diplomacyis a strategic board game with intense negotigif@ses and the near absence of random
effects (for up to seven players) (see, e.g., Cadnal974).
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From the educational perspective, academic cons@gand repeated tri-stance
debates share the characteristics (a) — (f). Asexmis the characteristics (g), there are some

differences.

Controversies achieve Point (g) primarily via tinatshing of roles and reaching a
final consensus. The repeated tri-stance debatésatlby engaging learners representing
opposite views in discussions with co-learnersasgnting neutral views (in games, this can
be followed by the whole group ultimately acceptibhg majority vote, one of the bi-polar
positions in order to proceed further in the ganijs method may not be as good as
controversies in achieving Point (g), which is sadivantage. However, it also has one
advantage due to its repetitive nature and theilpibigsto represent the neutral position. It
allows for representation of mutual relationshipsag multiple issues such that a neutral
stance toward one issue can be inherently connéxteither a negative or positive stance
toward another issue (or more issues). For examptagEurope 2045ame, students
represent political visions that they try to pulstotigh at the European level; one student
may represent “liberalism” and the other “enviromtadism”. Both students may support the
legalization of “same-sex civil partnership” butvkapposing views on the issue of
“environmental tax” (as specified by the game’&s)l At the same time, their stance toward
the so-called “European Presidency” may be neutrdike that of the representative of
“European federalism”, who would argue in favotlod Presidency, and that of the
representative of “Euroskepticism”, who would arggainst the Presidency. Because
students can be engaged in several consecutivesgisas, this intricate relationship among
political issues and umbrella political visions dagradually revealed to them. Students can
consequently acquire a complex view of the ovesigdlation, which is hard to achieve

through a one-round academic controversy.
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Goal Structures

From the perspective of goal structures createthéyearning situations, the crucial
distinction between debates and academic contregdiss in positive social
interdependence, and shared goals between leanngaigticular; present in the controversies
and absent in debates (Johnson & al., 1996; Johasamhnson, 2009). In academic
controversies, learners share the same goalsatio é®llaboratively and to acquire a
consensual view on the discussed topic. Repeatsthtice debates bring about partly shared
goals (when learners represent the same positi@abmpolar issue) and partly disjunctive
goals (when learners represent opposing viewsawexof the disjunctive goals, the
repeated tri-stance debates inherently featurechiiglrels of competition compared to
controversies. Because of the explicitly sharedgydlaey feature higher levels of
collaboration compared to pure debates. Unlike lootitroversies and debates, they enable
players representing neutral positions to joinaeath goal (by supporting one of the extreme
positions) or detach from that goal (by startingtpport the other extreme position or

becoming neutral again).

Different Classroom Goal Structures as an Alternatre Explanation of the Study’s Main

Findings?

Participants in our study learnt more under botherdased conditions compared to
the non-game condition and exhibited a higher pesiffect (Hypothesis 1 and 3). The
“game”-"no-game” differences the study found inipes affect and learning gains are
explicable also in terms of differing classroom Iggieuctures (for different conditions). The
key advantageous feature of collaborative learaetgngs is positive social interdependency

among learners; including the existence of a shlaeeting goal (e.g., Johnson & Johnson,
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2009). This is also explicitly verbalized by thectéd Interdependence Theory (Johnson &
Johnson, 1989). Unlike in academic controvershesetis no explicitly stated goal shared by
all learners in repeated tri-stance debates. Howeue both game media could implicitly
create a situation in which players enjoying theagaould adopt a tacit shared goal — to
proceed forward in the game and to change the atediEurope. It is not the goal to learn
collectively “as much as possible” and to acquicmasensual view on the issues discussed,
but it is a goal that nevertheless can drive lesynSuch a goal was absent in the non-game

medium.

In the main article, we argued that a team rolgiptaand a mild competition with
collaborative aspects were two features most piglrabponsible for the affective and
cognitive effectivity of theeurope 20455ame. Are differing goal structures (game vs. no-
game) a third possible aspect? Yes and no. It tmid contribute to the between-treatment
differences. However, the situation in which thargll goal could be adopted was afforded
by the game. And the game created this situatiantyicore elements; the underlying game
structure and — the light-weight team role playamgl the mild competition. In other words,
whereas a mild competition and a team role plagigdistinct elements, the differing goal
structures, if really existed during game playwere created (in the present case) to some

extent due to the competition and the role playing.
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On-line Resource 2: Impact of Individual KnowledgeTests

The primary knowledge gain variables investigatethis study were total test scores:
scorel and score2. These variables consisted mdssfrom four independent tests (see also

Appendix A):

a) knowledge about the participant’'s own projed @ relation to the projects of

other learners in the given group (Project Test);

b) knowledge about the content of one of the twicjgs for which the participant

argued during the intervention (Negotiation Test);

c) knowledge about the process of negotiationsadinypchanges (Policy Test);

d) the names of all policies discussed that dayufaast 16 out of 32 possible policies)

(Episodic memory test).

Do differences in achievement on these four testwden the three conditions, i.e.
EU-comp, EU-no-comp and Class, match the betweed#ion differences in scorel and

score2?

We examined the effect of medium on the scorebexd four knowledge tests
administered immediately after the treatment anmtbath later using eight (4 x 2) linear
mixed models of type (1) (see the main paper, S83.with individual test scores as
dependent variables. The results are summariz€éddnOR2.1. For comparison, the table

also shows results for scorel and score?2 taken Tialm 5.
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Estimates for models of eight individual test sepeeorel, and score2 as dependent

variables

Dependent variables

Explanatory variables

Project-scorel Negot.-scorel Policy-scorel Epmeonedc Scorel
Pretest/y) 0.02 (0.04) 0.02 (0.02) 0.07 (0.03) 0.02 (0.01) 2@qQ07)
[0.03] [0.06] [0.14]t [0.14]* [0.13]
Gender (= F)4) 0.34 (0.39) -0.22 (0.21) -0.23 (0.37) 0.24 (0.09) .1200.75)
[0.12] [-0.13] [-0.08] [0.33]* [0.02]
Age (53) -0.17 (0.16) 0.03 (0.08) 0.10 (0.14) 0.04 (0.04) 0200.31)
[-0.06] [0.02] [0.03] [0.05] [0.00]
Quality” p=.008** p=.000*** p=.003* p=.535 p=.002**
Quality (= worse) -1.65 (0.54) -1.10 (0.24) -1.68 (0.38) -0.14 (0.14)  -4.45(1.07)
(Ba) [-0.57]* [-0.65]*** [-0.58]*** [-0.19] [-0.83]**
Quality (= univ.) 2.71 (1.19) 1.85 (0.58) 1.07 (0.96) 0.19 (0.33) A%B27)
(B5) [0.94]* [1.10]** [0.37] [0.26] [1.06]*
Conditior? p=.834 p = .001*** p=.797 p = .000*** p = .033*
GAME (Be) -0.02 (0.38) 0.77 (0.22) 0.24 (0.35) 0.90 (0.14) 7710.76)
[-0.01] [0.46]* [0.08] [1.24]* [0.33]*
COMP (37) -0.27 (0.50) -0.24 (0.28) -0.00 (0.45) -0.34(0.17)  -0.82(1.01)
[-0.09] [-0.15] [-0.00] [-0.46]t [-0.15]
o, 0.578 0.000 0.000 0.000 1.097
o 0.382 0.238 0.000 0.335 0.937
© 2.874 1.666 2.908 0.672 5.278

This table continues on the next page.
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Explanatory variables

Dependent variables

Project-score2 Negot.-score2 Policy-score2 Epmennelc Score2
Pretest/y) 0.04 (0.03) 0.03 (0.02) 0.06 (0.04) -0.00 (0.01) 16Q0.08)
[0.10] [0.10] [0.12] [-0.03] [0.17]
Gender (= F)/) 0.22 (0.37) 0.27 (0.24) 0.10 (0.42) 0.15 (0.11) 6q(583)
[0.09] [0.15] [0.03] [0.18] [0.10]
Age (53) -0.12 (0.17) 0.13(0.11) 0.10 (0.20) -0.00 (0.05)  .2500.41)
[-0.05] [0.07] [0.03] [-0.00] [0.05]
Quality” p=.006** p=.012* p=.007* p=.261 p=.006**
Quality (= worse) -2.21 (0.59) -1.09 (0.33) -2.00 (0.60) -0.01 (0.13) -5.21 (1.46)
(Ba) [-0.87]** [-0.61]** [-0.65]** [-0.01] [-0.93]*
Quality (= univ.) 1.56 (1.24) 0.93 (0.77) 2.50 (1.38) 0.57 (0.33) 543800)
(Bs) [0.62] [0.52] [0.81]. [0.69] [0.87]
Conditior? p =.028* p = .001** p=.254 p = .000*** p = .000***
GAME (Be) 0.88 (0.33) 0.85 (0.26) 0.59 (0.39) 0.91 (0.12) 63(883)
[0.35]* [0.47]* [0.19] [1.10]%** [0.60]**
COMP (37) 0.14 (0.45) 0.17 (0.34) 0.27 (0.50) -0.35(0.16)  .11(1.10)
[0.06] [0.09] [0.09] [-0.42]* [-0.02]
o, 0.791 0.291 0.773 0.000 1.958
o; 0.000 0.427 0.001 0.223 1.079
© 2.527 1.766 3.082 0.795 5.522

Note.Standard errors are given in parentheses and eifes in brackets.

*Tests of significance of factor variables with thievels (likelihood ratio test).

tp<.10 % <.05 **p< .01 ***p<.001
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The results showed that different tests contribatifdrently to the between-
condition differences in scorel and score2. Thiedihce between the game media (EU-
comp, EU-no-comp) and the non-game medium (Claas)most pronounced in the cases of
epmem-scorel and epmem-score?2 (large effect siodleyyed by negotiation-scorel/2
(moderate effect sizes) and project-score2 (smafladerate effect size). No significant
effect for the Class medium was found as concemjet-scorel and policy-scorel/2.
Nevertheless, in the case of all eight tests, @peants’ mean performance in the Class
condition was worse or not better than participgmsformance in the two game conditions.
At the same time, in the case of no between-camddifferences, the finding cannot be
attributed to the floor effect, because mean perégrce of experimental participants, in any
test, was significantly better than mean perforneasfmnaive participants (i.e., those not

engaged in learning activities; see Sec. 4.2).

These outcomes can be interpreted as follows:daheegnedia were most effective in
promoting episodic memory and knowledge of thevagtbeing practiced (i.e.,
negotiations). These are meaningful outcomes, gadawnot put much stock into these
findings for two reasons. First, this part of thedy was only exploratory. Second, the
Episodic Memory Test was not a proper test of epiegautobiographic memory. A proper
test should have assessed the “what-where-wheettspf events being experienced rather
than just the “what” component. Such a test wa®bdythe scope of this work. Nevertheless,
these findings may be useful for inspiring fututedées; especially because better episodic
memories can serve for cuing knowledge actuallymed. At the same time, the game
conditions were not much more effective than the-game condition in promoting learning
of factual and/or conceptual knowledge. As conceoreeptual knowledge, this may seem,

at first glance, to go against common intuitiorpessally because games and simulations are
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sometimes supposed to be particularly useful facherg mental models (e.g., Brom et al.,
2014). Nevertheless, mental model studies oftend@n the acquisition of mechanical
mental models rather than more hazy/ambiguous rmdadepolitical concepts. In addition,
our two game media in fact outperformed the nongamedium in the delayed Project Test
assessing conceptual knowledge, and the effed Gneall to moderate) were actually in the
range of effect sizes reported by recent meta-aralpf media comparison game-based

studies (Wouters et al., 2013; Sitzmann, 2011).

As concerns differences between the two game madignificant effect for the EU-
no-comp medium was found only in the case of epraeanel/2: in favor of the EU-no-
comp condition. This outcome can be explained leyfalet that the EU-no-comp groups
discussed, on average, fewer policies during a gaméViean = 14.775D= 1.92),
compared to both EU-comp (Mearl6,SD= 0) and Class groups (Mean = 16.3b=
1.91). This is because there were fewer particgpenthe EU-no-comp groups (due to the
procedure of assigning participants into the comual#). Thus, it could have been slightly

easier for the EU-no-comp participants to remenalpel later recognize discussed agendas.
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