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Effects of collaboration and motivation in game-based learning

Abstract

There is an increasing popularity of game-based learning (GBL). Besides the
effectiveness, games have a motivational function. However, the use of serious games is not
as motivating as expected, compared to conventional instruction methods. It is expected that
collaboration can stimulate the feeling of relatedness, which leads to a higher intrinsic
motivation. Additionally, collaboration leads to students who co-construct knowledge, which
results in broader and deeper understanding of concepts. The use of guided collaboration
improves the quality of learning outcomes. This study aims to look at connections between
collaboration, motivation and learning outcomes. A quasi-experimental research with three
conditions (individual, non-guided collaboration and guided collaboration) in which the
guided collaborative setting used guidance, in form of a script with questions. The
participants in this research (N = 143) were primary school children between the age of 7 and
10. The participants filled out a motivation questionnaire and knowledge test about ‘safe
internet’ (pre-test), played a videogame about ‘safe internet’ and filled in a motivation
questionnaire and knowledge test about ‘safe internet’ after the game (post-test). There were
no significant differences found for the three conditions on learning gain and gain in intrinsic

motivation.

Keywords: Serious Games, Game-based Learning, Collaboration, Guided Collaboration,

Intrinsic Motivation
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Introduction

Nowadays, people spent a lot of time playing videogames. For this reason, it is
plausible that the use of videogames in education will match this generation. This leads to an
increasing popularity of the use of digital games in education, referred to as serious games or
game-based learning (GBL). O’Neil, Wainess and Baker (2005) hypothesized that GBL
addresses cognitive and affective dimensions of learning. For GBL there is a small effect on
acquiring knowledge and cognitive skills, compared to conventional instruction methods
(Sitzmann, 2011; Wouters, Van Nimwegen, Van Oostendorp & Van der Spek, 2013). In
addition, De Freitas (2006) reported that there is a lack of empirical data to support the fact
that games in learning contexts work and that there is a lack of understanding about how these
games can be used most effectively in practice.

OECD (2016) reported that students in the Netherlands, compared to students from
other countries, are not well-motivated. Besides the effectiveness, games have a motivational
function and are able to motivate learners to stay engaged for long periods (Plass, Homer &
Kinzer, 2015). According to Prensky (2003) it makes a great deal of sense to merge the
content of learning and the motivational pull of games. Wouters et al. (2013) however,
concluded that GBL is not more motivating than conventional instruction methods. According
to the self-determination theory, motivation is determined by three basic needs: competence,
autonomy and relatedness. When fulfilled, these needs foster interest, which leads to better
learning outcomes (Deci & Ryan, 2000). Nowadays, people are very easily connected through
different kinds of media. For this reason, it is plausible that relatedness can match this
generation. The use of collaboration in education can fulfill the need of relatedness, which
might lead to a higher motivation in students.

Relatedness also plays an important role in the theory of social-constructivism, which

states that knowledge is constructed through interaction with peers (social context). This co-
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construction of knowledge is called collaboration (Jonassen, 1991). Collaboration leads to
students explaining their thoughts and co-construct knowledge (Ter Vrugte & De Jong, 2017),
which results in broader and deeper understanding of concepts (O’Donnell & O’Kelly, 1994).
But not all kinds of collaboration are automatically more effective. Various activities, such as
giving explanations, asking questions and elaborating on content, are known to be effective
for learning, which generally do not occur spontaneously in collaboration. Scripted
collaboration focus on these activities by structuring group interaction (King, 2007). For this
reason, collaboration with the use of scripts improves the quality of learning outcomes
(Hummel, Van Houcke, Nadolski, VVan der Hiele, Kurvers & Lohr, 2011).

The present study aims to shed light on how collaboration can be used to make the use
of GBL more effective and more motivating (see figure 1), in which there will be a focus on
games played in a collaborative setting. The software design of the game does not entail
collaboration, so the collaboration is face-to-face instead of online (Ter Vrugte & De Jong,
2017). This collaborative setting is divided in two learning settings: non-guided collaboration
and guided collaboration. The guided collaborative setting will use a script to examine if the
use of a script leads to higher motivation and higher learning outcomes than non-guided
collaboration.

Theoretical framework

In this section the definition of GBL and the effects of GBL on motivation and
learning are described. Furthermore, the self-determination theory and the theory of
constructivism are described, and a link is made between these two theories and collaboration
(see figure 1). This section ends with the research questions and hypotheses of the present

study.
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Figure 1: Overview theoretical framework

Game-Based Learning and the effects on learning and motivation

For the purpose of this study, the definition used for GBL is learning through the use
of games in which games are interactive environments, based on a set of rules and constraints,
providing immediate feedback and directed towards a clear goal (Wouters et al., 2013).

Liand Tsai (2013) concluded that there are still gaps between theory and game design
practice. According to Girard, Ecalle and Magnan (2013) only a few games resulted in
improved learning, while other games did not have a positive effect on knowledge and skill
acquisition, compared to more traditional methods of teaching. However, Wouters et al.
(2013) concluded that GBL is more effective than more traditional learning methods, when it
comes to learning and retention. In addition, GBL can best be used in groups (instead of
individual) and combined with other instructional methods. Their meta-analysis shows that
GBL does not lead to higher motivation. It can be concluded that the effect of GBL on
learning and engagement is still not proven and that further research is needed.
Motivation

The increasing interest in playing games suggests that videogames affect the
motivational processes (Przybylski, Rigby & Ryan, 2010). Motivation can generally be
divided in intrinsic motivation and extrinsic motivation. When a person is intrinsically

motivated, he does something because he finds it inherently interesting and enjoyable. On the
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other hand, when a person does something because it leads to a desired consequence (obtain a
reward or avoid a punishment), it is seen as extrinsic motivation (Deci & Ryan, 2000).
Intrinsic motivation leads to high-quality learning and creativity (Ryan & Deci, 2000a). Some
empirical evidence suggests that greater intrinsic motivation in GBL leads to better learning
outcomes (Chen & Law, 2016).

The self-determination theory focuses on the innate needs for competence, autonomy
and relatedness to foster intrinsic motivation (Deci & Ryan, 2000). Competence is described
as the reach of a person’s capacity for an activity. Autonomy relates to the opportunity to be
self-responsible and that there are no external forces to do an activity. Relatedness refers to
feeling connected to others who are part of the context in which an activity takes place. These
needs must be met to foster intrinsic motivation (Deci & Ryan, 2000). The feeling of
competence can be met by a balance of challenge and skill, (Ryan & Deci, 2000a). A good
balance leads to a feeling of flow, which is an experience of being completely absorbed in an
activity (Csikszentmihalyi, 1990). The feeling of autonomy can be met by giving students
opportunities for choices (Black & Deci, 2000). The feeling of relatedness can be increased
by giving students the opportunity to develop social bonds and allowing them to cooperate
(Przybylski, Rigby & Ryan, 2010). Yee (2006) concluded that social (interaction with other
humans) and immersion (being absorbed in the virtual environment) motives were linked to
more hours of gameplay. In addition, Sherry and Lucas (2003) found that videogames used to
socialize with friends lead to more hours of gameplay.

In summary, socializing, cooperation and social interactions create a feeling of
relatedness, which can be seen as a motivational factor to play games, alongside the factors
competence and autonomy. Therefore, it can be assumed that when social interactions are
implemented in a game, the feeling of relatedness increase, which lead to higher motivation to

play the game.
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Collaboration

Wouters and Van Oostendorp (2017) provide an overview of instructional techniques
in GBL that have an effect on learning. One of these instructional techniques is collaboration.
When two or more people engage in problem-solving and co-construct knowledge, it can be
seen as collaboration (Jonassen, 1991). Wouters and Van Oostendorp (2017) concluded that
collaboration may be an effective method to incite additional learning activities. This is in line
with the finding that discussing game play with peers positively affects social problem-
solving ability (Kim, Park & Baek, 2009). In collaborative environments students can explain
their thoughts to other students and foster explicit knowledge (Ter Vrugte & De Jong, 2017).
Communication, intellectual exchange and task-oriented cooperation occurs in collaborative
groups, which results in broader and deeper understanding of concepts (O’Donnell &
O’Kelly, 1994).

Collaborative learning, compared to individual learning, has numerous benefits
according to Laal and Ghodsi (2012), such as higher achievement, greater productivity,
supportive and committed relationships, greater psychological health, social competence and
self-esteem. In collaboration, activities should be developed to foster developmental
interactions between group members (Doolittle, 1997). Vygotsky (1978) describes in his
theory of cognitive development that through social interactions with more knowledgeable
others (peers and adults), children develop higher mental functions as problem-solving skills,
moral reasoning and memory schemas.

However, not all research on collaboration shows positive effects on learning
outcomes. Some empirical evidence suggests that collaboration without consistent support
usually fails in achieving productive learning interactions (Ter Vrugte & de Jong, 2017,
Meluso, Zheng, Spires & Lester, 2012; VVan der Meij, Albers & Leemkuil, 2011). Ter Vrugte

and De Jong (2017) concluded from several studies that discussion (providing feedback on
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explanations) in collaboration needs to be guided to be effective. Otherwise, there is a lack of
depth in the dialogues between students. A solution for this problem might be scripted
collaboration or questions that can focus the discussion (Van der Meij et al., 2011; Ter Vrugte
& De Jong, 2017). Guidance during collaboration should be designed in a way it does not
disturb the feeling of flow, which is positively correlated to learning (Csikszentmihalyi, 1990;
Webster, Trevino & Ryan, 1993).

In GBL, gameplayers learn how to take information from different sources, create
strategies, learn to make decisions quickly, use experimentation to understand complex
systems and learn how to collaborate with others (Prensky, 2003). In sum, collaboration can
be seen as a solution for GBL to be more effective in both learning outcomes and motivation.
It is important to keep in mind that guidance in collaboration might be needed to have a
positive effect.

Present research

There is more research necessary to investigate whether the increase in learning
motivation, caused by the use of GBL, has an impact on the cognitive aspects of learning (Li
& Tsai, 2013). The benefits of the use of collaboration in GBL is not always confirmed. More
research is required to investigate whether scripted collaboration in GBL improves learning
and stimulates motivation (Van der Meij et al., 2011).

This study aims to look at the connections between collaboration (guided and non-
guided), motivation and learning outcomes and to answer the following research question: To
what extent does a non-guided collaborative learning setting and a guided collaborative
learning setting in GBL leads to higher intrinsic motivation and higher learning outcomes
compared to an individual learning setting? Figure 2 gives an overview of the concepts used
in this study and the connections between them.

Based on the theories described above, the following sub questions are formulated:
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Question 1: Does game-based learning lead to learning gain and to what extent does a guided
collaborative learning setting and a non-guided collaborative learning setting in game-based
learning lead to higher learning gain compared to an individual learning setting?

Hypothesized is that game-based learning leads to learning gain (H1.1). In addition, it
is hypothesized that a guided collaborative learning setting leads to higher learning gain
compared to a non-guided collaborative learning setting and that a non-guided collaborative
learning setting leads to higher learning gain compared to an individual learning setting
(H1.2).

Question 2: To what extent does a guided collaborative learning setting and a non-guided
collaborative learning setting in game-based learning lead to an increase in intrinsic
motivation compared to an individual learning setting?

Hypothesized is that a guided collaborative learning setting leads to a greater increase
in intrinsic motivation when compared to a non-guided collaborative learning setting and that
a non-guided collaborative learning setting leads to a greater increase in intrinsic motivation
in comparison to an individual learning setting (H2).

Question 3: To what extent does gain in intrinsic motivation have a mediating effect on
learning gain for the non-guided collaborative learning setting and the guided collaborative
learning setting?

Hypothesized is that a guided collaborative learning setting leads to higher gain in
intrinsic motivation and thereby higher learning gain, compared to a non-guided collaborative

learning setting (there is a mediating effect) (H3).
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Figure 2: Research-model

Design

This study is a quasi-experimental research with three conditions (see figure 2). The

Method

dependent variables are learning gain and gain in intrinsic motivation, where gain in intrinsic

motivation is also the mediation variable. The independent variable is learning setting, in

which there are three conditions: individual learning setting (N = 40), non-guided

collaborative learning setting (N = 53) and guided collaborative learning setting (N = 50). All

participants (N = 143) were allocated in the conditions randomly. For a medium effect size

with o = .05 and a power of .80, a power analysis revealed that 143 participants were required

(G*Power; Faul, Erdfelder, Lang & Buchner, 2007).
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Participants

At the start of this study, 149 primary school children participated. Six participants
were not present during the experiment and post-test. Eventually, 143 primary school children
between the age of 7 and 10 participated in this study. 71 were female and 72 were male. 69
participants went to school 1 and 74 participants went to school 2 in Utrecht, the Netherlands.
Eight different classrooms were involved, in which 89 participants were in ‘group 5’ and 54
participants were in ‘group 6. Because the participants were younger than 18 years old, the
parents received an informed consent to give permission (appendix E) and filled out an
informed consent themselves (appendix F).
Instrument

Domain. The game that is used is the game ‘Diploma Veilig Internet’ (DVI)
(https://www.diplomaveiliginternet.nl/landing/#/). The game is about safe internet, which
aims to teach how to act when you go online. The game consists of five domains: surfing on
internet, reliability, searching, identity and digital bullying (see table 1).

Table 1: The domains of the game ‘Diploma Veilig Internet’.

Domain Description

Surfing on internet About what internet is and the possibilities on the internet
Reliability About who and what you can trust on the internet

Searching About how to look for information on the internet

Identity About who you are, which information you share, and which

passwords are safe to use

Digital bullying About bullying on the internet and how to react on it

Motivation. To measure the intrinsic motivation of students to play games, the

Intrinsic Motivation Inventory (IMI) was used (Ryan & Deci, 2000b), which originally
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consists of seven factors. For the purpose of this study four factors were used:
‘interest/enjoyment’ (overall intrinsic motivation), ‘perceived competence’, ‘perceived
choice’ (autonomy) and ‘relatedness’. The questions for these factors were translated into
Dutch and a native English speaker translated the questions back. After this, a few
adjustments were made to remove uncertainties. An example is that in the question ‘Ik vind
dit spel best aangenaam’ the word ‘aangenaam’ was adapted in ‘plezierig’ and the question
‘Ik heb geen keuze in het doen van dit spel” was changed in ‘Ik heb niet echt een keuze bij het
doen van dit spel’.

The factor ‘interest/enjoyment’ consists of seven questions and an example is: Ik vind
het leuk om dit spel te doen. The factor ‘perceived competence’ consists of six questions and
an example is: Ik denk dat ik best goed ben in dit spel. The factor ‘perceived choice’ consists
of seven questions and an example is: Ik geloof dat ik een keuze heb in het doen van dit spel.
The factor ‘relatedness’ consists of eight questions and an example is: Tijdens het spelen van
een spel voel ik mij heel afstandelijk van een ander persoon.

Since the age of the participants is low, a scale with a high number of points might
cause the young participants not to know the differences between the scores. Therefore a 5-
point Likert scale with smileys is chosen to be used (** = I totally disagree, = = | disagree a
little, ¥ =1 do not agree and do not disagree, & = | agree a little bit , <& =1 totally agree).
The smileys were used by Aarts (2015) and were determined successfully. The questionnaire
was on paper and participants needed to answer the questions individually. For the pre-test the
participants were told to think about games they play in the classroom while filling out this
questionnaire. For the post-test the participants were told to think about the game DVI they
just played while filling in the questionnaire. The questionnaire is added in appendix A.

Learning outcomes. A knowledge test is used to measure the learning outcomes of

the students on the domain safe internet. The knowledge test is based on the questions of the
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test of DVI (https://www.diplomaveiliginternet.nl/public/toets/begin). The test consists of 15
questions and an example is: Nienke schrijft op Facebook: ‘De juf deed vandaag echt heel
dom. School is saaaaaaal! Gaap!!’. Is dat slim van Nienke?. The questions could be answered
by choosing between four possible answers (a, b, ¢ or d). All questions were used in the pre-
test and in the post-test, but in a different order. The knowledge test was on paper and
participants needed to answer the questions individually (appendix B).

Guidance. For the participants in the guided collaborative learning setting, a script
was used. This script was based on the MURDER script described by Kobbe, Weinberger,
Dillenbourg, Harrer, Hdmalainen, H&kkinen and Fischer (2007). In this approach the
participants are divided in pairs and within each pair one participant has the role of
summarizer and the other participant has the role as listener. In the MURDER script there are
six activities: a) relaxing, focusing, b) reading, monitoring comprehension, ¢) summarizing,
explaining, d) monitoring, giving feedback, ) elaborating and f) reviewing, reflecting.

To implement this script a questionnaire was developed. This questionnaire consists of three
questions to guide the collaboration and can be found in appendix C.
Environment

The game that is used is the game ‘Diploma Veilig Internet’ (DVI). The game is about
four children who need to rescue ‘uncle Ap’, who is trapped in a cage on the internet. The
four children in the game need the help of the gameplayer. There are five levels in the game:
Each level is designed as a room in which there are various objects that have something to do
with safe internet. The player needs to answer questions about safe internet, which appear by
clicking on various objects. When the questions are answered correctly, the player earns stars.
When all stars in a level are earned, the player receives a key. In total, five levels need to be
played and five keys need to be received. The game is finished when uncle Ap is freed from

the internet.
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The game was played on tablets and computers. When possible, the game was played
in the classroom of the participants. If not, participants played the game in another classroom.
When participants played the game collaborative, one screen was used (tablet or computer).

Figure 3, 4 and 5 are screenshots of the game DVI.

We zijn nu in het hoofdkantoor van
inspecteur Snoogle.

Figure 4: Screenshot 2 DVI; The room in the level ‘Speurneuzen’
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e C

Sem is in de war. Hij zoekt naar zijn voetbalclub 'De Vliegende Vogels'. Als hij op internet zoekt op ‘vliegende vogels' dan
ziet hij zijn voetbalclub er niet bij zitten. Hij ziet alleen maar websites over vogels.

Wat kan Sem het beste nog meer als zoekwoord gebruiken?

@®© Voetbalclub

Heel goed! Vliegende vogels heb je overal. Maar niet als naam voor een
voetbalelub.

Figure 5: Screenshot 3 DVI; An example of the questions in the game

Pilot. A pilot of the motivation questionnaires and the knowledge test was done to
measure if the questions were clearly formulated and if the participants were able to answer
them. Ten participants (N = 10), who did not participate in this study, answered the
questionnaires. The difficulty level of the knowledge questions was calculated. All questions
that scored 90% or higher (indicating that they were too easy) were excluded, which were five
questions. 15 questions remained in the knowledge test. In the motivation questionnaire a few
adjustments were made. In four questions, a sentence was added to make them more
understandable. An example is: Ik voel mij verbonden met een ander persoon tijdens het
spelen van een spel (verbonden = bij elkaar, samen).

The knowledge test was reviewed by an expert, namely a teacher of class five. The
expert concluded that the questions were clear and that they aligned with the level of the
students. The researcher, also a teacher, examined if the questions measure the knowledge of
the domain safe internet.

Procedure
Participants. The experiment started with a pilot for the motivation questionnaire and

the knowledge test. After that, schools who were willing to participate in this study were

Mirjam Aarts — Utrecht University 15



Effects of collaboration and motivation in game-based learning

collected. The purpose of the study and its research-design were introduced during a
headmaster meeting and two headmasters that wanted to participate were chosen. After that,
the teachers of the participating classrooms were informed and the consent forms for the
parents were handed over (appendix E). The teachers handed out the forms to the parents of
the children in their classroom in week 8. The parents had to return the signed forms to the
teacher within two weeks. In week 10 the signed consent forms were collected at the schools
and the participating children were counted. All children who had permission from their
parents and wanted to participate in this research filled in an informed consent themselves
before the pre-test (appendix F).

Experiment. The experiment started with a pre-test. The participants of school 1 filled
out the motivation questionnaire and knowledge test in week 11 and the participants of school
2 filled out the motivation questionnaire and knowledge test in week 12. Filling out the
questionnaires took 35 minutes. After the pre-test the classes were randomly assigned to one
of the three learning settings (individual, non-guided collaborative and guided collaborative).
Participants from school 1 played the game DVI in week 13 and participants from school 2
played the game DVI in week 14 on a regular school day. The game was played on tablets
and computers in the classrooms for 50 minutes. Before the participants started to play the
game, they received an instruction by the researcher (appendix D). The participants in the
collaborative learning settings were told to make pairs by themselves. If this was a problem,
the teacher divided the group in pairs. The guided collaborative learning setting received the
script questions after they finished a level. Directly after playing the game, all participants
filled out the motivation questionnaire post-test and the knowledge test. This was done
individually in the classrooms. Filling out the questionnaires took 35 minutes. A timetable for

the procedure is added in appendix G. Additionally, a risk analysis is added in appendix H.
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Analysis

For hypothesis 1.1 a paired sample T-test was used, with knowledge pre-test and
knowledge post-test as paired variables. For hypothesis 1.2 a one-way between groups
analysis of variance (ANOVA) was used with learning setting as independent variable and
learning gain (post-test minus pre-test) as dependent variable. Another ANOVA was used
with learning setting as independent variable and gain in intrinsic motivation (post-test minus
pre-test) as dependent variable for hypothesis 2. For hypothesis 3 PROCESS (Hayes, 2015)
was used with type of collaboration (non-guided and guided) as independent variable,
learning gain (post-test minus pre-test) as dependent variable and gain in intrinsic motivation
(post-test minus pre-test) as mediation variable. For all analyses a significance level of 5%
was used.

Data

Each participant was linked to a code, to ensure anonymity. Each classroom was
assigned a letter and all participants in that classroom had a number. The collected data was
stored on a secured server, YoDa, to ensure privacy.

Cronbach’s alpha for the intrinsic motivation questionnaire is determined for the four
factors: interest (a = .80), perceived competence (o = .66), perceived choice (o =.73) and
relatedness (o = .60). The knowledge test consists of fifteen items and scored a Cronbach’s
alpha of .72. A Cronbach’s alpha above .60 is seen as sufficient, where a Cronbach’s alpha
above .70 is seen as good (Evers, Lucassen, Meijer & Sijtsma, 2009). In total, the scores of 11
items of the motivation questionnaire were reversed, by recoding 1 as 5,2 as 4,4 as 2 and 5

as 1.
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Results
Table 1: Mean scores and standard deviations (between brackets) of knowledge, intrinsic

motivation and feeling of relatedness

Individual Non-guided Guided

collaboration collaboration

N 40 53 50
Knowledge pre-test 7.10 8.45 8.52
(2.31) (3.02) (2.94)
Knowledge post-test 8.13 9.09 8.98
(2.85) (3.18) (3.47)
Learning gain 1.03 0.64 0.46
(1.93) (2.15) (2.22)
Intrinsic motivation pre-test 3.64 3.66 3.71
(0.35) (0.49) (0.44)
Intrinsic motivation post-test 3.77 3.76 3.88
(0.35) (0.55) (0.45)
Gain of intrinsic motivation 0.13 0.10 0.17
(0.58) (0.55) (0.55)
Feeling of relatedness pre-test* 3.43 3.49 3.37
(0.50) (0.68) (0.63)
Feeling of relatedness post-test* 3.37 3.60 3.89
(0.69) (0.68) (0.70)
Gain of feeling of relatedness* -0.06 0.11 0.52
(0.78) (0.73) (0.82)

* Subscale feeling of relatedness of intrinsic motivation
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Data inspection. Before analyzing the data, inspection of the skewness, kurtosis and
Shapiro-Wilk statistics was conducted for knowledge post-test, learning gain and gain in
intrinsic motivation. Furthermore, eight outliers were found in the dataset. Because removing
these outliers did not influence the results, the outliers were not removed from the dataset.
The Shapiro-Wilk test was significant for learning gain for the non-guided learning setting (p
=.026) and guided collaborative learning setting (p = .020) and for the gain of feeling of
relatedness for the guided collaborative learning setting (p = .016), which indicates that these
groups are not normally distributed. The normal Q-plots show that the scores lie on the line,
which indicates that the data is normally distributed for all groups. Based on these results, it is
assumed that the data is normally distributed. The Test of Homogeneity of Variances shows
that Levene’s statistics is non-significant for learning gain (p = .553), gain in intrinsic
motivation (p = .797) and gain in feeling of relatedness (p = .882). It can be concluded that
the assumption of homogeneity of variance has not been violated.

Hypothesis 1.1: Game-based learning leads to an increase in learning gain.

A paired sample t-test with an o of .05 was used to compare the knowledge pre-test to
the knowledge post-test. Overall the post-test scores were significantly higher (M = 8.78, SD
= 3.20) than the pre-test scores (M = 8.10, SD = 2.86), t(143) = -3.88, p < .001, indicating that
the participants learned from playing the game.

Hypothesis 1.2: A guided collaborative learning setting leads to higher learning gain
compared to a non-guided collaborative learning setting and a non-guided collaborative
learning setting leads to higher learning gain compared to an individual learning setting.

An ANOVA was used with learning setting as independent variable and learning gain
as dependent variable. The ANOVA was statistically non-significant, indicating that there is

no difference between the three conditions on learning gain, F(2,140) = 0.81, p = .446.
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Hypothesis 2: A guided collaborative learning setting leads to a greater increase in
intrinsic motivation when compared to a non-guided collaborative learning setting and a non-
guided collaborative learning setting leads to a greater increase in intrinsic motivation in
comparison to an individual learning setting.

An ANOVA was used with learning setting as independent variable and gain in
intrinsic motivation as dependent variable. The ANOVA was statistically non-significant,
indicating that there is no difference between the three learning settings on gain in intrinsic
motivation, F(2, 140) = 0.20, p = .818.

Another analysis is conducted to determine if collaboration does have effect on one of
the subscales of intrinsic motivation, namely feeling of relatedness, because it was expected
that collaboration would lead to higher feeling of relatedness. An ANOVA was used with
learning setting as independent variable and gain in feeling of relatedness as dependent
variable. The ANOVA was statistically significant, indicating there is a difference between
the three conditions on gain in feeling of relatedness, F(2, 140) = 6.83, p = .001. Post hoc
analyses with Tukey’s HSD (a = .05) revealed that participants who played the game in a
guided collaborative learning setting (M = 0.52, SD = 0.81) had a significantly higher gain in
feeling of relatedness than the participants who played the game individually (M =-0.06, SD
=0.78) (p =.002) and the participants who played the game in a non-guided collaborative
learning setting (M = 0.11, SD =.73) (p =.022). There was no significant difference between
the non-guided collaborative learning setting and the individual learning setting (p = .565).

Hypothesis 3: A guided collaborative learning setting leads to higher gain in intrinsic
motivation and thereby higher learning gain, compared to a non-guided collaborative
learning setting (there is a mediating effect).

PROCESS was used to investigate the effects of type of collaboration (non-guided or

guided) and gain in intrinsic motivation on learning gain, with type of collaboration as
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independent variable (X variable), gain in intrinsic motivation as mediator variable and

learning gain as dependent variable (Y variable) (see figure 6).

c
Type Ot_‘ » Learning gain
collaboration
a b

Gain in

intrinsic
motivation

— Independent variable
© Mediation variable —  Effect
<> Dependent variable a,b,c  Path

Figure 6: Mediation analysis Process (a = effect of type of collaboration on intrinsic motivation gain, b =
mediation effect of intrinsic motivation gain on learning gain, ¢ = direct effect of type of collaboration on
learning gain)

Step 1 of the mediation model showed that the effect of type of collaboration
(ignoring the mediator) on learning gain was non-significant, F(1,101) = 0.72, p = .399, R? =
.00, with b =-0.17, t(101) = -.85, p = .399 (path c). This result indicates there is no mediation
effect.

Step 2 of the mediation model showed that the type of collaboration on the mediator,
gain in intrinsic motivation, was also non-significant, F(1,101) = 0.29, p = .590, R? = 0.00
with b = 0.03, t(101) = 0.54, p = .590 (path a). Step 3 showed that the mediator (gain in
intrinsic motivation), controlling for type of collaboration was non-significant predictor for
learning gain, b =-.17, t(100) = -.84, p = .404. Step 4 of the analysis show that, controlling
for the mediator (gain in intrinsic motivation), type of collaboration was a non-significant
predictor for learning gain, b = -0.03, t(100) = -0.07, p = .948. These results show there is no

mediation effect.
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Conclusion. Based on the results it can be concluded that the participants did have a
positive learning gain, which leads to accepting hypothesis 1.1. There were no significant
differences between the three conditions (individual, non-guided collaborative and guided
collaborative) on learning gain, therefore hypothesis 1.2 has been rejected. Additionally,
there were no significant differences between the three learning settings (individual, non-
guided collaborative and guided collaborative) on gain in intrinsic motivation, therefore
hypothesis 2 has been rejected.

However, significant differences were found between the three learning settings
(individual, non-guided collaborative and guided collaborative) on gain in feeling of
relatedness. The guided collaborative learning setting scored 0.58 higher than the individual
learning setting and 0.41 higher than the non-guided collaborative learning setting.

Moreover, gain in intrinsic motivation and type of collaboration are non-significant
predictors for learning gain, therefore hypothesis 3 has been rejected.

Explorative analysis. A factor that could have influenced the intrinsic motivation of
the participants was the way pairs were created. Self-placed participants (N = 53) were
allowed to make pairs by themselves and teacher-placed participants (N = 50) were placed in
pairs by the teacher. To investigate if this had an effect, an explorative analysis was
conducted. An ANOVA was used with type of collaboration and duo (1 = non-guided self-
placed, 2 = non-guided teacher-placed, 3 = guided self-placed and 4 = guided teacher-
placed) as independent variable and gain in intrinsic motivation as dependent variable. The
ANOVA was statistically non-significant, indicating there is no difference between the four
groups, F(3, 99) =0.28, p = .842.

This explorative analysis shows that there is no difference in gain in intrinsic
motivation between participants who chose their own partners and participants who were

placed in pairs by the teacher.

Mirjam Aarts — Utrecht University 22



Effects of collaboration and motivation in game-based learning

Conclusion and discussion

Previous studies have shown that GBL has a positive effect on acquiring knowledge
and cognitive skills when compared to conventional instruction methods, but is does not seem
to be as motivational as predicted (Sitzmann, 2011; Wouters et al., 2013). This present
research investigated whether the intrinsic motivation to play educational games and the
learning gain of children could be increased with the use of collaboration, to answer the
following research question: To what extent does a non-guided collaborative learning setting
and a guided collaborative learning setting in GBL leads to higher intrinsic motivation and
higher learning outcomes compared to an individual learning setting?

Learning gain. The first sub question was: Does game-based learning leads to
learning gain and to what extent does a guided collaborative learning setting and a non-
guided collaborative learning setting in game-based learning leads to higher learning gain
compared to an individual learning setting?

The results show that the participants scored higher on the knowledge test after plating
the game. Wouters et al. (2013) and Sitzmann (2011) concluded that, compared with more
traditional learning methods, GBL is a more effective when it comes to learning. Based on the
results it can be concluded that the use of GBL is an effective method to obtain learning gain.

However, there are no significant differences between the individual learning setting,
the non-guided collaborative learning setting and the guided collaborative learning setting on
learning gain. These results are not in line with the conclusions of Wouters and Van
Oostendorp (2017), namely that collaboration in GBL improves learning compared to GBL
without collaboration. A possible explanation for the result that the guided collaborative
learning setting did not score higher on learning gain compared to the non-guided
collaborative learning setting and the individual learn