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a b s t r a c t

This study investigates the impact of integrating conceptual clarifications as support in an educational
math game, and explores the impact of adding this (internal vs. external) support on students’ game and
mathematical performance, intrinsic motivation, and game perception. Three conditions are established:
a condition in which internal support is offered, a condition in which (identical) external support is
offered, and a control condition in which no support is added to the game. One hundred twenty-two
vocational secondary education students participated in this study. The results of this study indicate
that students benefit from playing with an educational game in order to enhance their proportional
reasoning skills. Adding conceptual clarifications as instructional support in an intrinsically integrated
game is not recommended. If the support is given to the students anyhow, it is advised to offer it
externally because internally integrating this support leads to a decrease in performance and motivation.
Hence, not only support as such, but also the way it is integrated in the game-based learning process,
might be decisive for its effectivity. Obviously, further research is warranted in order to replicate these
findings also for other types of support, other game-based learning environments and other target
groups.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Despite the popularity and expectations of educational games,
the spread and growth of digital games in educational contexts is
still relatively in its infancy. Also, design issues concerning game-
based learning environments (GBLEs) and the understanding of
their impact on learning and instruction are still in early stages of
advancement (de Freitas & Maharg, 2014; Koh, Kin, Wadhwa, &
Lim, 2012). While time constraints, a lack of clear guidance, and
game costs are some of the possible reasons for limited use (e.g.,
Charsky, 2011; Koh et al., 2012), a decisive barrier seems to be the
lack of good, robust research on games and learning (Connolly,
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Boyle, MacArthur, Hainey, & Boyle, 2012; Girard, Ecalle, &
Magnan, 2013; Van Eck, 2008). The evidence on the value of
educational games is limited, inconsistent and inconclusive (de
Freitas & Maharg, 2014; Perrotta, Featherstone, Aston, &
Houghton, 2013). Claims stated in literature are often not empiri-
cally examined and consequently not confirmed or countered. One
instance is the repeated claim in literature that instructional sup-
port features are a necessary part of GBLEs (de Freitas & Maharg,
2014). According to Ke (2009), without this additional support,
the player would only learn to play the game instead of learning
also the educational content embedded in the game. Unfortunately,
the strong conviction of the need for instructional support in a
game is not univocal empirically confirmed (Leemkuil & de Jong,
2011) and the results are inconsistent. Therefore, in this study the
assumed benefits of integrating instructional support in games is
investigated.
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1.1. Instructional support in games

Instructional support, as defined by Tobias (2009) and Tobias,
Fletcher, Dai, and Wind (2011), is any type of assistance, guidance
or instruction to help students learn. Examples are scaffolds, ex-
planations, directions, assignments, background information,
monitoring tools, planning tools, etc. (Leemkuil& de Jong, 2011; Liu
& Rojewski, 2013; Tobias et al., 2011). Adding instructional support
is assumed to stimulate or facilitate students’ game-based learning
(GBL) processes. This assumption is confirmed by previous meta-
analyses conducted by Ke (2009), Lee (1999) and Wouters and
van Oostendorp (2013): simulation environments and games with
instructional support can improve learning.

However, Wouters and van Oostendorp (2013) emphasize that
adding instructional support to games is more complex since the
effect is dependent on among others the type of support and the
cognitive activities they target. The effect of the type of support
becomes clear when looking at different studies. Mayer and
Johnson (2010), for instance, provided evidence concerning the
instructional effectiveness of reflection prompts in the form of
feedback on conceptual learning (Mayer & Johnson, 2010). Another
study however established that reflection promotes retention only
in specific circumstances (i.e., non-interactive environments;
Moreno & Mayer, 2005). Reflection prompts as support in yet
another study were ascertained less promising as they did not
affect students’mathematical performance and transfer (ter Vrugte
et al., 2015a). Another type of support, i.e., supportive information
and problem solving practice, was investigated by Darabi, Nelson,
and Seel (2009). The results indicated a change in players’ mental
models after the supportive information, and only a little change in
mental model after problem solving practice. Additional practice as
support in combination with feedback was investigated by Liu and
Rojewski (2013) and no effect of integrating these types of support
in the game on participants’ game enjoyment, academic achieve-
ment or motivation was found. Procedural information e which
was intended to aid the reflection processe had no additional value
either (ter Vrugte et al., 2015a). Also the integration of learning
units, which provide explicit instruction of the mathematical
thinking strategies used in the game, did not lead to better learning
outcomes (Broza & Barzilai, 2011). Charsky and Ressler (2011)
moreover found that using conceptual scaffolds (i.e., by using
concept maps) decreased students’ motivation to learn through
gameplay. In addition to the type of support or the cognitive ac-
tivities they target, the format of support also turned out to be
decisive for its effectivity. When self-explanation as instructional
support was added to a GBLE, students’ transfer improved when
they had to select an explanation from an onscreen list (Johnson &
Mayer, 2010; Mayer & Johnson, 2010). However, when players had
to type their explanations themselves into a text box, this effect
disappeared. Finally, the timing for offering support in a GBLE also
matters (Barzilai & Blau, 2014). Although no gain in problem solv-
ing was found for integrating formal knowledge representations in
the form of learning units as support in a GBLE, learners with the
support offered before the game performed better in the post-game
assessment than students who were offered the same support af-
terwards or the students who were offered no support at all. Also
Mayer, Mautone, and Prothero (2002) proved the effectiveness of
presenting support to students before gameplay opportunity.

In short, the effectiveness of instructional support in games
turns out to be unclear. These ambiguous findings might be a
consequence of the diversity of the support (Leemkuil & de Jong,
2011; Tobias & Fletcher, 2012; Wouters & van Oostendorp, 2013).
Developing a categorisation of different forms of instructional
support could be helpful. Leemkuil and de Jong (2011) made such
categorisation based on the aim of the support. They distinguish
between support elements that (1) orient and focus attention on
important elements or changes in the GBLE, (2) plan or choose
actions and interventions, (3) evaluate the results of actions in the
interventions, and (4) reflect or draw conclusions. Reiser (2004)
made a distinction between software-based tools that support
learners in complex and difficult tasks, which might also apply for
GBL. This categorisation is based on the mechanisms the support
activates: instructional support may (1) structure the task and
reduce the complexity of it or (2) may problematize the subject
matter. Finally, Wouters and van Oostendorp (2013) classified the
instructional support based on the cognitive activities at which
they target: (1) selecting relevant information by paying attention
to the presented material and (2) mentally organizing the new
information and the integration of this structure with prior
knowledge. Using (one of) these three categorizations in studies
may clear up the undetermined effectivity of instructional support
in research on games since the diversity and complexity might get
reduced. In this study, additional explanations or conceptual clar-
ifications are added to a GBLE as support. This type of support can
be categorised as (1) advisement support that focuses the attention
of the players on important elements of the environment and the
learning content that is integrated (Leemkuil & de Jong, 2011), (2)
support that structures the task and reduces its complexity (Reiser,
2004) and (3) support that is mentally organizing the new infor-
mation and link this with the prior knowledge (Wouters & van
Oostendorp, 2013). In the 4C/ID model of van Merri€enboer, this
kind of support is labelled as supportive information and is typi-
cally called “the theory” (van Merri€enboer, Clark, & de Croock,
2002). Additional to the supportive information, the 4C/ID model
e a model focusing on the development of learning environments
for complex cognitive skillse contains three other components: the
learning tasks, procedural information, and part-task practice.
Supportive information provides the bridge between the things
students already know and what they need to know. Hence, prior
knowledge gets activated, to which newly presented information
gets connected (van Merri€enboer et al., 2002). This support is
optimally presented before learners start with their learning tasks.
Doing so, prior knowledge can be activated and is available during
task performance. It concerns information that is supportive to the
learning and performance of non-recurrent aspects of the learning
task. Ideally, the supportive information is connected to the
different task classes and is evenly distributed across the whole
learning activity (van Merri€enboer et al., 2002). More specifically,
supportive information reflects two types of knowledge (1) mental
models that allow one to reasonwithin the learning domain and (2)
cognitive strategies that allow one to systematically approach
problems in this domain (van Merri€enboer & Kirschner, 2007; van
Merri€enboer et al., 2002).

Besides the diversity of the support, another possible explana-
tion for the ambiguity in the results on the effect of support in
GBLEs (e.g., the studies discussed above)might be that two forms of
integration of instructional support can be distinguished (Honey &
Hilton, 2011; Ke, 2009; Liu & Rojewski, 2013). In some studies the
instructional support is internally integrated in the GBLE. This is the
case when the support is integrated in the GBLE (e.g., Darabi et al.,
2009; Johnson & Mayer, 2010; Liu & Rojewski, 2013; Mayer &
Johnson, 2010; Moreno & Mayer, 2005; ter Vrugte et al., 2015a).
In other studies external instructional support is investigated (e.g.,
Barzilai & Blau, 2014; Broza & Barzilai, 2011; Charsky & Ressler,
2011). Externally integrated support is support which is offered to
the students apart from or in addition to the GBLE. There is no
consensus about which type of support integration (i.e., internal or
external) is most effective. Barzilai and Blau (2014) for instance
concluded from their study that external support might help
learners to form connections between game knowledge and formal
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school knowledge, and hence improve their knowledge. Offering
external support, might however also focus students’ attention too
much on the difficulty of the learning content and make the
gameplay less self-evident. Therefore, Charsky and Ressler (2011)
and Liu and Rojewski (2013) propose to integrate this instruc-
tional support internally into the game so it becomes an ongoing
part of the gameplay. This might enhance learning and motivation.
However, an important consequence of internally integrating
support in games e in turn e is that, depending on the format and
type of the support, it might disrupt the game flow, and as in
consequence the motivational nature of the game (Johnson &
Mayer, 2010).

In sum, the literature is inconclusive about the effect of
instructional support in GBL and whether this support should be
internally and/or externally integrated into GBLEs. This study is
further elaborating on this deadlock by investigating how to suc-
cessfully design instructional support which facilitates GBL while
maintaining enjoyment and flow. Comparing different ways of
support integration might give insight on (1) the effectivity of the
integration of support and (2) which of the two ways of integrating
support (i.e., internal or external) yields the best results.

1.2. Learners’ perception of the GBLE

In line with the mediational paradigm (Winne, 1987) and
studies conducted with the same target group (i.e., vocational
secondary education (VSE); e.g., Vandercruysse, van Weijnen,
Vandewaetere, & Elen, 2015c), the importance of students’
perception is acknowledged in this study. It is assumed that
“learners are active actors in learning environments and not mere
consumers of instructional designers’ products” (Lowyck, Elen, &
Clarebout, 2004, p. 429). The perception of instructional methods
rather than the instructional methods themselves affect learning
processes and products. Notwithstanding the intentions of de-
signers and teachers, the ultimate effect of games seems to depend
on the perception and use by students themselves (Lowyck et al.,
2004; Winne, 1987). Students’ perception, however, does not only
relate to the instructional method and performance, but also to
students’ intrinsic motivation (Lowyck et al., 2004). When in-
struction is perceived as relevant or interesting, students will
experience higher intrinsic motivation (Ryan & Deci, 2000). In this
study, game perception is defined in line with the Game Perception
Scale (GPS): (1) the expectation about the goals of the GBLE and,
more specifically, whether players think of the GBLE as a leisure
time or an instructional activity (perceived playfulness) and (2) the
degree to which students expect that using the GBLE will stimulate
their mathematical performance (perceived usefulness)
(Vandercruysse et al., 2015b).

Studies investigating the impact of instructional support in
games already endorsed the importance of students’ perception. It
appeared that students who are offered additional support had a
higher perceived ease of the math skills learned in the game,
although they enjoyed the learning less and had a more negative
evaluation of the contribution of the game to learning than the
students’ playing with the GBLE alone (without additional support)
(Broza & Barzilai, 2011). In another study, is was found that adding
external support led to a decrease in learners’ perception regarding
how much they learned from the game but no reduced perception
of flow or enjoyment was found (Barzilai & Blau, 2014). Hence,
adding additional support to a game seems to influence the
perception of students.

In sum, students’ perception about the GBLE (with or without
instructional support) is essential. Differences among the percep-
tion of participants may influence the effectiveness of the GBLE
(Lowyck et al., 2004). How students perceive instructional
interventions triggers their engagement in learning and influences
the effect of the instructional interventions on their learning
(Lowyck et al., 2004). Combining these findings with the above-
mentioned focus of the different possibilities to integrate instruc-
tional support in a GBLE, a difference in perception for the different
ways of integrating support can be assumed.

1.3. Purposes of this study

In this clustered randomized design study, the focus is on the
impact of integrating conceptual clarifications in a mathematical
GBLE. Three conditions are constituted: a condition in which in-
ternal conceptual clarifications are integrated in the GBLE (i.e., ICC
condition), a condition in which (identical) external conceptual
clarifications integrated in the GBLE (i.e., ECC condition) and a
control condition in which no additional support is offered. The
current study explores the potential benefits to VSE students when
a GBLE for mathematics is used, and more specifically, whether
adding instructional support in a particular way(i.e., internal or
external) produces different effects. .

Based on literature research, the following research questions
are put forward:

1. Does playing a GBLE stimulates VSE students’ proportional
reasoning performance?

2. Does playing with an internally or externally support integrated
GBLE differently influence students’ performance than playing
with a GBLE without additional support (Ke, 2009; Lee, 1999;
Wouters & van Oostendorp, 2013)?

3. Does playing with an internally or externally support integrated
GBLE differently influence students’ intrinsic motivation than
playing with a GBLE without additional support (Johnson &
Mayer, 2010)?

4. Does playing with an internally or externally support integrated
GBLE differently influence students’ perceived playfulness than
playing with a GBLE without additional support (Barzilai& Blau,
2014; Broza & Barzilai, 2011; Lowyck et al., 2004; Salomon,
1984)?

5. Does playing with an internally or externally support integrated
GBLE differently influence students’ perceived usefulness than
playing with a GBLE without additional support (Barzilai& Blau,
2014; Broza & Barzilai, 2011; Lowyck et al., 2004; Salomon,
1984)?

Furthermore, this paper not only examines whether the inter-
vention influences students’ perception after using the GBLEs. In
line with the mediational paradigm (Winne, 1987), it also in-
vestigates whether the effect of instructional support integration in
a GBLE on students’ performance, intrinsic motivation, and
perception (as described in the abovementioned research ques-
tions) is influenced by the differences in students’ pre-game
perception.

6. Does students’ perceived usefulness and playfulness before
gameplay interact with the intervention for students’ mathe-
matical and game performance?

7. Does students’ perceived usefulness and playfulness before
gameplay interact with the intervention for students’ intrinsic
motivation?

8. Are the effects of the GBLE and the differences in instructional
support integration influenced by students’ computational skills
and prior knowledge? This research question is the result of
specific characteristics of the target group, i.e., VSE students.
These students from less advanced levels of education show
disengagement and demotivation which hinders growth in
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numeracy and causes among other things passivity or limited
investment and underachievement (Plackl�e et al., 2014). What is
more, VSE students are characterized by a wide variety in
cognitive abilities and potential (ter Vrugte et al., 2015b).
Therefore it is investigated whether the expected learning ef-
fects of the instructional support integration are influenced by
students’ prior proportional reasoning knowledge and basic
arithmetic skills. .

Fig. 1 offers an overview of the variables and the investigated
relations between the variables.

2. Method

2.1. Participants

One hundred and twenty two students were recruited for this
study. All participants were VSE students from the third and fourth
year in Flanders (Belgium). Their age ranged between 15 and 19
year old (M ¼ 16.19; SD ¼ 0.90). Eleven classes from three schools
were selected, resulting in five different specializations. Classes of
students were randomly assigned to the conditions (see Table 1).
An unbalanced gender divisionwas found (i.e., 81 male students vs.
41 female students): there is an over-representation of boys in the
ECC and control conditions. In the ICC condition the gender division
is more balanced.

Fourteen students were excluded from the dataset because they
did not attend for the complete intervention time. This resulted in
108 participants being used in the analyses.

2.2. Design

Three conditions (i.e., ICC, ECC and control condition) are used
as between-subject variables in our pre-post cluster randomized
subject design. The first two conditions contain conceptual clarifi-
cations as additional instructional support. This is done in order to
facilitate players’ sense making by helping them to make a link
between their intuitive understanding of the game and more
formal disciplinary representations of the learning content. The
content of the instructional support is identical in the ICC and ECC
conditions, but the way the support is implemented in the GBL-
Fig. 1. Schematic overview of the research questions (indicated by “Q”,
process differs. In the ICC condition, the conceptual clarifications
are internally integrated in the GBLE and hence provided to the
students in the GBLE while playing the game. The support elements
are interwoven with the gameplay elements and presented to the
students as an interactive tutorial. This type of support can be
labelled as supportive information, also referred to as “the theory”.
Because the same body of knowledge underlies the ability to
perform all proportional reasoning items (i.e., learning tasks) in the
same subgame (i.e., task class), the supportive information is not
coupled to individual items, but to subgames as a whole. The
supportive information for each subsequent subgame is an addition
to or an elaboration of the supportive information from previous
subgames, since the composition of the subgames is based on
different (non-recurrent) task-related and subject-related factors
and hence reflects an increasing difficulty. Because the supportive
information is relevant for all the items in the respective subgame,
it is presented at the beginning of a new subgame. Furthermore, the
information is kept available for the students during the whole
subgame in form of a digital study book that can be activated.

Supportive information reflects two types of knowledge (van
Merri€enboer & Kirschner, 2007). The support offered in the inter-
active tutorial and study book concerns the cognitive strategies that
allow the students to perform the tasks in the subgame and thus
solve the problems (van Merri€enboer et al., 2002; van Merri€enboer
& Kirschner, 2007). Therefore, the problem solving phases that an
expert typically goes through while solving the problems as well as
the rules-of-thumb that may be useful to successfully complete the
different problem solving phases are presented to the learners. This
was elaborated in collaboration with experts in the mathematical
domain. Although the support especially focuses on these cognitive
strategies, some information was also provided about the mental
models that allow the students to reason within the task domain
(i.e., proportional reasoning). Mental models are declarative rep-
resentations of how the domain is organized and may contain
general and abstract knowledge as well as specific cases that
exemplify this knowledge (vanMerri€enboer& Kirschner, 2007; van
Merri€enboer et al., 2002). In the GBLE, for instance, the information
provided to the students differs for the different problem types,
presented in the different subgames which stimulates the students
to pay attention to the differences between the types of propor-
tional reasoning problems.
followed by the research question mentioned in the section above.



Table 1
Conditions with number of participants (between brackets the number of students after drop-out).

School Specialization Year nBoys nGirls nTotal

Condition 1: School 1 Electricity/Woodworking 4 18 (15) 1
ICC School 2 Hairdressing 3 0 14 (13)

School 3 Hairdressing 4 0 8 (7)
41 (36)

Condition 2: School 1 Metalworking 4 8 0
ECC School 1 Construction industry 4 12 (11) 0

School 1 Construction industry 3 12 (9) 0
School 3 Hairdressing 4 1 8 (6)

41 (35)
Condition 3: School 1 Metalworking 3 9 (8) 1
Control School 1 Metalworking 4 9 (8) 0

School 1 Woodworking 3 12 (11) 2
School 3 Hairdressing 4 0 7

40 (37)
nTotal 81 (71) 41 (37) 122 (108)

S. Vandercruysse et al. / Computers in Human Behavior 64 (2016) 21e33 25
In the ECC condition, the amount of information that is pro-
vided, is identical to the conceptual clarifications provided in the
ICC condition. However, the support is delivered in separate paper
handouts external to the GBLE and thus independently from the
flow-inducing gameplay. Students could easily consult these
handouts during the different subgames. To align with the ICC
condition, the information was also ordered based on the levels in
the game and students were stimulated to consult the conceptual
clarifications at the beginning of every new subgame because this is
Fig. 2. Example of a translated part of the conceptual clarifications in the ICC condition a
also the case in the ICC condition. Fig. 2 provides an example of a
part of the conceptual clarifications in the ICC and ECC condition.

In the control condition no additional clarifications were given
to the students.

2.3. Materials

2.3.1. GBLE: Zeldenrust
The self-developed GBLE “Zeldenrust” (Seldomrest) was used.
nd an extract from the handouts with conceptual clarifications in the ECC condition.
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The GBLE is designed to be played individually. It offers a two-
dimensional, cartoon-like environment with a play time of
approximately 1.5e2 h (depending on the playing skills and
mathematical ability of the players) and is meant for 14- to 16-year-
old VSE students (for a comprehensive description see
Vandercruysse, et al., 2015a). The original version of “Zeldenrust”
was used in the ECC and control condition. In the ICC condition,
changes were carried through and the conceptual clarifications
were built in, in form of an interactive tutorial and study book (see
procedure).

The game “Zeldenrust” starts with an introduction to the
storyline of the game, which fits the social environment of the
target group: he avatar, with which the player plays, wants to go on
a holiday journey in the summer. To pay this journey, money needs
to be earned. Therefore, players have to practice some jobs in a
hotel (i.e., three in particular: fill the refrigerator, mix some cock-
tails and serve drinks to customers). Every job corresponds to a
subgame (i.e., refrigerator game, blender game and serving game).
Depending on howwell these jobs are done, money for the journey
can be earned.

The mathematical content in the game is proportional
reasoning. Based on the literature (e.g., Harel & Behr, 1989;
Vergnaud, 1983), three different types of proportional problems
are integrated in the game. The missing value problems are prob-
lems in which one missing value in one of two ratios needs to be
found (e.g., 5/10 ¼ 15/?). The transformation problems contain two
ratios, but one or two values needs to be adapted to obtain two
equivalent ratios. In the example 7/18 and 21/50, 4 must be added
to value 50 in the second ratio (i.e., 7/18 ¼ 21/54) in order to obtain
two equivalent ratios. For the comparison problems the relation-
ship between two ratios needs to be determined, more specifically
one ratio can be “equal”, “smaller than” or “larger than” the other
ratio (e.g., which ratio is the smallest: 3/9 or 10/35?). The three
different problem types are presented to the players in a corre-
sponding subgame. In the blender game, transformation items are
included. The missing value problems are integrated in the refrig-
erator subgame and the comparison problems in the serving sub-
game. Depending on the problem type, a different number of
attempts is built in. Due to the nature of the items of the compar-
ison problems - they give either the correct answer or the wrong
answer e only one attempt per item is possible. The missing value
and transformation problems offer three attempts for each item.
This is done to lessen frustration, to stimulate the players to rethink
their calculations and to discourage guessing. All problem types
have different difficulty levels based on several task-related and
subject-related factors.

The game has four levels each containing the three subgames
with a progressively difficulty across the levels. In each subgame,
four proportional reasoning problem items are included, resulting
in 48 proportional reasoning problem items in the entire game.

2.3.2. Measurements
The arithmetic tempo test [TTR; Tempo Test Rekenen] (De Vos,

1992) is offered to measure students’ fluency in basic arithmetic
skills. The test is an already validated test for Dutch students and
standardized norms are available for fifth and sixth grade of VSE
(see De Clerck et al., 2008) and is time restricted. The four basic
mathematic operations (i.e., addition, subtraction, multiplication
and division) are distributed over five sheets (i.e., one sheet for
each arithmetic computation and one sheet with a mix of the
arithmetic computations) with each page containing 40 problems
with increasing difficulty. Students are stimulated to solve as many
items as possible in the provided time (i.e., 1 min per sheet). The
students’ scores (i.e., the sum of all correct answers), reflect the
level of automaticity and fluency with basic arithmetic
computations. In the current study, the principle of automation
was applied. This principle states that students have adequately
mastered a fact or strategy when they are able to process the
calculation within 3 s (van de Bosch, Jager, Langstraat, Versteeg, &
de Vries, 2009). This means that, when applied to the TTR, students
who score 100 or higher within 300 s are assumed to be compu-
tationally fluent.

Students’ ability to solve proportional reasoning items is
measured with two parallel versions of a self-developed propor-
tional reasoning test (see ter Vrugte et al., 2015a; Vandercruysse
et al., under revision). Both tests contain 16 items with compa-
rable difficulty level. The items are tailored to the proportional
reasoning items in the GBLE: four missing value items, four
comparison items and four transformation items. Additionally,
four transfer items which differ from the previous items in their
use of context, are included in both tests. All the items are open-
ended exercises with one possible correct answer. Because the
pre- (apre ¼ 0.68) and post-test (apost ¼ 0.79) are both parallel
proportional reasoning tests, students’ knowledge gain from pre-
to post-test can be measured. Because the reliability of the pre-
test e tested by calculating the internal consistency using Cron-
bach’s alpha (Cronbach, 1951) e is unacceptably low, the Chron-
bach’s alpha if items deleted are controlled. Hence, the
comparison items are deleted from the test (apre ¼ 0.74). As for the
pre-test, the four comparison items were removed from the post-
test (apost ¼ 0.83). The mean score without the comparison items
is used in the analyses (i.e., number of correctly solved items
divided by 12).

Students’ performance during gameplay is analysed using two
different indicators. The first indicator is the total game scorewhich
reflects an estimation of students’ mathematical ability during
gameplay in combination with their gaming skills. The second in-
dicator, the proportion correct score, takes into account the number
of items the students solved, the number of items solved correctly,
and the number of attempts needed.

Students’ intrinsic motivation before and after the playtime
session was measured in order to calculate motivational gain
scores. The same questions were used for pre- and post-
measurement, albeit with adjusted tenses. The motivation ques-
tionnaire comprised two subscales of the Dutch version of the
Intrinsic Motivation Inventory (IMI; McAuley, Duncan, & Tammen,
1989), using a 6-pint Likert scale. The first subscale is the interest/
enjoyment subscale (7 items, e.g., “Playing this game was fun to
do”). Reliability rates for this subscale were high (apre ¼ 0.86 and
apost ¼ 0.90). Second, the perceived competence subscale was used
(6 items, “I was pretty skilled at playing this game”). Again, good
reliability rates were found (apre ¼ 0.76 and apost ¼ 0.80). Corre-
lation between the two subscales was positive, large and statisti-
cally significant (rpre ¼ 0.63, ppre < 0.001 and rpost ¼ 0.69,
ppost < 0.001).

Two subscales of the GPS were used to measure students’
perception of the GBLE (Vandercruysse et al., 2015b). The perceived
usefulness subscale measures the degree to which students believe
that using a GBLE will enhance their performance (5 items, e.g., “I
think playing this game could help me to learn proportional
reasoning”). Good reliability rates were established (apre¼ 0.83 and
apost¼ 0.90). The perceived playfulness subscale measures whether
players think of the game as something fun or somethingmore akin
to work (3 items, e.g., “I will characterize my experience with the
game as “playing” rather than learning.”). Again, reliability was
acceptable (apre ¼ 0.75 and apost ¼ 0.85) and the correlation be-
tween both subscales was positive and statistically significant
(rpre¼ 0.25, ppre¼ 0.009 and rpost¼ 0.26, ppost¼ 0.007). The GPSwas
filled in before and after playtime, offering students the same
questions, albeit with adjusted tenses.
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2.4. Procedure

During a one-hour introduction and pre-test session, students
were offered a short refresher lesson on proportional reasoning to
activate their prior knowledge (Merrill, 2002). In line with the
mathematical content integrated into the GBLE, general informa-
tion on proportional reasoning was offered. During this explana-
tion, as suggested by Vandercruysse et al., (under revision),
students were also introduced to the GBLE with which they would
play in the subsequent session. This introduction was followed by
the questionnaires that measured students’ pre-intrinsic motiva-
tion (IMI) and pre-perception of the GBLE (GPS). Also, the propor-
tional reasoning test, which students had to individually complete,
was administered together with the TTR that measured students’
mastery of basic arithmetic skills.

After this pre-test session, students played the game for 2 h.
Depending on the condition they were allocated to, they played
with the GBLE with internally (i.e., ICC) or externally (i.e., ECC) in-
tegrated support, or with the GBLE without this support (i.e., con-
trol condition).

This playtime session was followed by the post-test session.
Students again received the 16-item proportional reasoning test as
well as the post-questionnaires that measured post-experimental
motivation (IMI) and post-game perception (GPS). This final ses-
sion lasted approximately 1 h.

3. Results

3.1. Initial differences between the conditions

A significance level of a ¼ 0.05 was set for all statistical signif-
icance tests. Table 2 lists the means per condition for all variables.
No outliers were detected and standardized scores were used for all
the analyses.

To identify possible initial differences between the three con-
ditions, four (M)ANOVAs were conducted. In these four analyses,
condition was the independent variable. The dependent variables
were for the four separate analyses: (1) the score on the TTR, (2) the
scores on the pre-test for the missing value items, transformation
items and transfer items separately (MANOVA), (3) the subscales of
the pre-motivation questionnaire (IMI; MANOVA) and (4) the score
Table 2
Means (and Standard Deviations) per condition for all variables.

ICC condition
(n ¼ 36)

Performance (pre)
TTR - Basic arithmetic skills (max. 200) 106.94 (19.99)
Proportional reasoning pre-test (in %) 42.82 (26.96)
Motivation (pre)
IMI - Interest/Enjoyment (max. 42) 24.14 (6.36)
IMI - Perceived Competence (max. 36) 20.58 (4.69)
Perception (pre)
GPS - Pre-perceived usefulness (max. 30) 16.69 (4.71)
GPS - Pre-perceived playfulness (max. 18) 9.31 (3.56)
Game Performance
Total Game score 877.92 (365.30)
Proportion Correct Score - Missing Value 0.55 (0.29)
Proportion Correct Score - Comparison 0.61 (0.15)
Proportion Correct Score - Transformation 0.41 (0.25)
Proportional reasoning post-test (in %) 56.94 (31.09)
Motivation (post)
IMI - Interest/Enjoyment (max. 42) 22.22 (6.51)
IMI - Perceived Competence (max. 36) 20.67 (4.55)
Perception (post)
GPS - Post-perceived usefulness (max. 30) 17.22 (5.35)
GPS - Post-perceived playfulness (max. 18) 9.22 (3.41)
on the two pre-game perception subscales (GPS; MANOVA). The
analyses revealed no significant differences between the three
conditions for students’ score on the TTR (F(2,105)¼ 1.90, p¼ 0.16);
the three different problem types on the pre-test (Wilk’s l ¼ 0.89,
F(6, 206) ¼ 2.00, p ¼ 0.07); the pre-intrinsic motivation (Wilk’s
l ¼ 0.99, F(4, 208) ¼ 0.40, p ¼ 0.81) and the pre-game perception
(Wilk’s l ¼ 0.86, F(4, 208) ¼ 0.98, p ¼ 0.42). Given these results, the
conditions seem comparable with respect to prior proportional
reasoning knowledge, basic arithmetic skills, pre-motivation, and
pre-game perception.

As conditions were based on different stunt groups rather than
individual students, multi-level analyses were conducted for all the
dependent variables of the analyses to investigate potentially sig-
nificant differences between the groups. Multi-level analyses were
performed for these mixed model analyses (e.g., Seltman, 2015).
The estimates of covariance parameters were inspected to decide
whether the classes significantly differed from each other for the
variables being tested. This gives a first indication that the variance
between the classes is not determining for these variables, if the
parameter of the intercept is not significant. The analyses revealed
no significant differences. Furthermore, the variance between the
classes was compared with the variance within the classes (i.e.,
estimatedwithin-class residual variance). Although this remains an
interpretation of the researchers, the variance between the classes
was in most cases negligible small in comparison to the variance
within the classes (e.g., for the pre-perceived playfulness b0 ¼ 0.94;
s2e ¼ 47.05). Hence, the differences between classes were not
considered in the analyses.

3.2. The effect of integrating conceptual clarification in a GBLE on
proportional reasoning skills and game performance

A repeated-measures ANOVAwith time (proportional reasoning
performance before to after gameplay) as within-subject factor and
condition and problem types as between-subject factors was con-
ducted. Results revealed a main effect of time on students’ pro-
portional reasoning test score (Wilk’s l ¼ 0.79, F(3, 103) ¼ 9.13,
p < 0.001, h2 ¼ 0.21). Further analysis revealed that for all three
problem types (i.e., missing value items (F(1, 105)¼ 8.48, p¼ 0.004,
h2 ¼ 0.08), see Fig. 3; transformation items (F(1, 105) ¼ 21.80,
p < 0.001; h2 ¼ 0.17), see Fig. 4 and transfer items (F(1, 105) ¼ 6.73,
ECC condition
(n ¼ 35)

Control condition
(n ¼ 37)

111.80 (25.69) 117.17 (21.77)
60.48 (21.42) 58.10 (19.26)

25.37 (7.73) 23.47 (6.52)
21.69 (5.82) 20.67 (4.43)

18.40 (6.19) 16.58 (4.80)
10.40 (3.62) 9.77 (2.91)

1119.81 (399.41) 1068.76 (300.37)
0.64 (0.26) 0.63 (0.24)
0.67 (0.15) 0.64 (0.15)
0.55 (0.22) 0.50 (0.23)

76.67 (22.67) 66.67 (24.07)

26.29 (8.39) 26.44 (7.83)
21.29 (6.22) 22.61 (5.01)

19.06 (6.48) 19.06 (5.61)
10.14 (3.57) 10.53 (3.96)



Fig. 3. Main effect of time and of condition on proportional reasoning gain score for
missing value items (in %).

Fig. 4. Main effect of time on proportional reasoning gain score for transformation
items (in %).

Fig. 5. Main effect of time and of condition on proportional reasoning gain score for
transfer items (in %).
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p ¼ 0.011, h2 ¼ 0.06), see Fig. 5), students significantly improved
from pre-to post-test after playing “Zeldenrust” (see research
question 1).

This effect was not qualified by an interaction between time and
condition (Wilk’s l ¼ 0.98 F(6, 206) ¼ 0.38, p ¼ 0.88). However, a
significant main effect of condition was found (Wilk’s l ¼ 0.85, F(6,
206) ¼ 2.94, p ¼ 0.009, h2 ¼ 0.08). The ICC condition performed
significantly lower than the two other conditions after gameplay.
Further analysis show that this difference is significant for the
missing value items (F(2, 105) ¼ 5.82, p ¼ 0.004, h2 ¼ 0.10) and for
the transfer items (F(2, 105)¼ 6.27, p¼ 0.003, h2 ¼ 0.11), but not for
the transformation items (F(2, 105) ¼ 2.95, p ¼ 0.06).

In order to analyse the effect of the integration of conceptual
clarification on students’ game performance, an ANOVA was con-
ducted. The total game score was used as dependent variable and
condition as factor. A significant effect of condition on students’
total game score was found (F(2, 105) ¼ 4.73, p ¼ 0.011, h2 ¼ 0.08).
Students in the ICC condition (M ¼ 877.92; SD ¼ 365.30) scored
significantly lower than the students in the ECC (M ¼ 1119.81,
SD ¼ 399.41) and control condition (M ¼ 1083.46, SD ¼ 309.36). An
additional MANOVA was conducted with the proportion correct
scores for each problem type as dependent variables and condition
as factor. No significant effect was found (Wilk’s l ¼ 0.92, F(6,
194) ¼ 1.31, p ¼ 0.25).

In sum, the results demonstrate an effect of adding conceptual
clarifications to a GBLE on students’ mathematical performance on
the proportional reasoning test, but not on their game perfor-
mance, analysed with the proportion correct score (see research
question 2). These findings are discussed at length in the below
discussion part.
3.3. The effect of integrating conceptual clarifications in a GBLE on
students’ motivation

AMANOVAwas conducted with condition as factor and the gain
scores of the two subscales of the IMI e which correlated signifi-
cantly positive with each other (r¼ 0.57, p < 0.001) e as dependent
variables. Results showed a main effect of condition (Wilk’s
l ¼ 0.85, F(4, 194) ¼ 4.27, p ¼ 0.002, h2 ¼ 0.08). Further analyses
showed a significant difference between the conditions for the
score on the perceived interest/enjoyment subscale (F(2, 98)¼ 7.32,
p ¼ 0.001, h2 ¼ 0.13), but not for perceived competence
(F(2,98) ¼ 2.10, p ¼ 0.13). Post-hoc Bonferroni comparisons showed
that the ICC condition had less enjoyment and interest in the game
(M ¼ �1.92, SD ¼ 5.86), while the students in the ECC (M ¼ 0.91,
SD ¼ 4.80) and control condition (M ¼ 2.97, SD ¼ 6.49) showed an
increase in enjoyment and interest in the game (see research
question 3). As can be derived from Fig. 6, the control condition
showed the highest increase.
3.4. The effect of integrating conceptual clarifications in a GBLE on
students’ game perception

To investigate whether conceptual clarifications had an effect on
students’ post-game perception of the GBLE, a MANOVA was con-
ducted. Conditionwas taken as factor and the two GPS subscales as
dependent variables. No main effect of condition was found on
students’ post-game perception (Wilk’s l ¼ 0.95, F(4, 196) ¼ 1.38,
p ¼ 0.24; see research questions 4 and 5).



Fig. 6. Main effect of time and condition on students’ interest/enjoyment gain score
(subscale IMI).

Fig. 7. Significant interaction effect of pre-perceived usefulness and condition for
students’ perceived competence (subscale IMI).
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3.5. The interaction effect of condition and perception on students’
performance and motivation

Because the expectation was that the effect of support integra-
tion might be influenced by students’ pre-game perception (i.e.,
perceived usefulness and playfulness of the GBLE), the interaction
effects of condition and students’ pre-perceived usefulness and
playfulness were also analysed.

The MANOVA with learning gain scores as dependent variable
and condition as factor showed no significant interaction effect
between condition and perceived usefulness (Wilk’s l ¼ 0.92, F(9,
236) ¼ 0.92, p ¼ 0.51) or between condition and perceived play-
fulness (Wilk’s l¼ 0.98, F(9, 236)¼ 0.21, p¼ 0.99). Additionally, no
significant interaction effect was found between condition and
pre-perceived usefulness (F(3, 99) ¼ 0.89, p ¼ 0.45) or pre-
perceived playfulness (F(3, 99) ¼ 0.34, p ¼ 0.79) for the total
game score of students. Also for the efficiency in solving the pro-
portional reasoning items in the GBLE (measured with the three
proportion correct scores; MANOVA), no interaction between
condition and perception was found (pre-perceived usefulness;
Wilk’s l ¼ 0.96, F(9, 236) ¼ 0.41, p ¼ 0.93 and pre-perceived
playfulness; Wilk’s l ¼ 0.97, F(9, 236) ¼ 0.37, p ¼ 0.95; see
research question 6).

The interaction effect was also analysed for intrinsic motivation.
Results show a significant interaction effect between condition and
the pre-perceived usefulness for intrinsic motivation (Wilk’s
l ¼ 0.81, F(6, 194) ¼ 3.61, p ¼ 0.002, h2 ¼ 0.10; see Fig. 7). Further
analyses show that this interaction effect is significant for the
perceived competence subscale (F(3, 98) ¼ 5.58, p ¼ 0.001,
h2 ¼ 0.15) and not for the interest/enjoyment subscale (F(3,
98) ¼ 1.38, p ¼ 0.25). Particularly, based on Bonferroni post-hoc
comparisons, the effect is significant for the ICC condition. Stu-
dents with a low pre-perceived usefulness of the game, show an
increase in perceived competence after gameplay. Students with a
high pre-perceived usefulness of the GBLE show a (high) decrease
in perceived competence after gameplay. For pre-perceived play-
fulness, no significant interaction effect was found (Wilk’s l ¼ 0.88,
F(6, 194) ¼ 1.98, p ¼ 0.07). Hence, evidence was found for the
moderating effect of students’ perceived usefulness on their
intrinsic motivation (see research question 7).

Table 3 offers an overview of the results.
3.6. The effect of proportional reasoning prior knowledge and basic
arithmetic skills

It was investigated whether students’ prior mathematical ability
affected students’ ability to learn from the game and the impact of
condition. Students’ prior math ability was measured with the TTR
and proportional reasoning pre-test. Students either mastered
basic arithmetic skills (score above 100) or not (score below 100),
and students’ either mastered prior proportional reasoning skills
(score above 50%) or not (score below 50%). This resulted in three
groups of students: a group without or with low basic arithmetic
skills, a group with basic arithmetic skills but below proportional
reasoning skills, and a groupwith basic arithmetic and proportional
reasoning skills. An ANOVA with time as within-subject factor and
condition and students’ prior mathematical ability as between-
subject factors was conducted. The analysis revealed a significant
main effect of time (Wilk’s l ¼ 0.69, F(1, 99) ¼ 45.23, p < 0.001,
h2 ¼ 0.31) and a significant interaction between time and prior
mathematical ability (Wilk’s l ¼ 0.79, F(2, 99) ¼ 13.03, p < 0.001,
h2 ¼ 0.21). Fig. 8 shows that the students with less basic arithmetic
skills performed better on the pre-test than the students with basic
arithmetic skills but without or with low proportional reasoning
skills. However, this last group of students caught up remarkably
for the post-test, and although also the other students profited from
playing the game, the group of students without or with low basic
arithmetic skills improved less. These results indicate that the GBLE
is a learning tool for all the students, nonetheless, students with
basic arithmetic skills but without or with low proportional
reasoning skills profit most from playing with the GBLE. Hence,
students with different levels of mathematic ability are differently
affected by playing the game. In addition it was investigated to
which degree these prior mathematical abilities predict the post-
test score. A regression analysis was conducted in which stu-
dents’ prior arithmetic abilities (score on the TTR) and students’
prior proportional reasoning abilities (score on the pre-test) were
used as predictors for students’ post-test performance. Both pre-
dictors were entered simultaneously. The tests to see if the datamet
the assumption of collinearity indicated that multicollinearity was
not a concern. The results of the regression indicated that students’
prior mathematical ability was a significant predictor for students’
proportional reasoning ability after gameplay. More specifically, it
explains 32.00% of the variance in post-test performance,
R2 ¼ 0.103, F(2,105) ¼ 6.00, p ¼ 0.003. The pre-test score



Table 3
Overview of the results of the study.

N� Research question Direction of effect

Q 1 Does playing the GBLE influence students’ proportional reasoning performance? All students improved for all 3 problem types
Q 2 Has support integration (i.e., CC) an influence on

� Proportional reasoning?
� Game performance?

ICC < ECC and control
Game score: ICC < ECC and control

Q 3 Has support integration (i.e., CC) an influence on intrinsic motivation? Enjoyment: ICC < ECC and control
Q 4 Has support integration (i.e., CC) an influence on perceived playfulness? No differences between conditions
Q 5 Has support integration (i.e., CC) an influence on perceived usefulness? No differences between conditions
Q 6 Does condition interact with perception for

� Proportional reasoning?
� Game performance?

No differences between conditions

Q 7 Does condition interact with perception for intrinsic motivation? ICC: the higher the perceived usefulness, the lower the perceived competence.

Fig. 8. Main effect of time and an interaction between time and prior mathematical
ability on students’ proportional reasoning score (in %).
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significantly predicts the post-test score (b ¼ 0.35, p ¼ 0.002). The
prior arithmetic ability however did not contribute to the predic-
tion of the post-test performance (p ¼ 0.46).

The interaction between condition and prior mathematical
ability was not statistically significant (F(4, 99) ¼ 1.27, p ¼ 0.29).
Finally, no significant interaction between time, condition, and
prior mathematical ability was found (Wilk’s l ¼ 0.97, F(4,
99) ¼ 0.77, p ¼ 0.55).
4. Discussion

In this study, a math GBLE was introduced to VSE students. The
results show that, after using the GBLE, VSE students perform
significantly better in solving proportional reasoning problems.
These results are in line with previous studies in which the same
GBLE was used for the same target group (e.g., ter Vrugte et al.,
2015a; Vandercruysse et al., under revision). This emphasizes the
learning effect of the GBLE, although the integrated learning con-
tent in the GBLE is rather complex and VSE students often experi-
ence difficulties with it (Vlaamse Overheid, 2009). What is more,
the GBLE seems especially effective for students with basic arith-
metic skills (i.e., who are computational fluent) but with limited
proportional reasoning skills.

This study addressed the effectiveness of two ways of integra-
tion of conceptual clarifications (internal versus external) as
instructional support for playing with the GBLE. The ICC condition
showed lower performance during and after gameplay than the
other two conditions. No difference between the ECC and control
condition was found concerning performance. Although no as-
sumptions were made about which way of integration would be
most effective, the difference between both conditions needs some
explanation. Also, the better results of the control condition
compared to the ICC condition is surprising as it was assumed that
the conditions with support would outperform. Different issues can
be considered for these results. A first lesson learned from the
current study is that the way the supportive information is pro-
vided may play a role. The supportive information in the ICC con-
dition was integrated as an interactive tutorial. The support was an
embedded and programmed set of information given to all the
students at the start of every new subgame; irrespective whether
the players needed this information or not. Hence, the students in
the ICC condition had to simultaneously cope with two forms of
competing demands: the educational game with the integrated
support and the gameplay elements (Shaffer, 2004). This might
have been too overwhelming and have resulted in information
overload. Students in the ECC condition, in contrast, could process
the handouts at their own pace and could choose themselves when
to consult the support. Moreover, the addition of support in the
GBLE before they got the chance to play and discover the envi-
ronment by themselves might have directed the students’ attention
too much to the difficult learning content. As a result, gameplay
became less autonomous for the ICC condition (Charsky & Ressler,
2011), whichmay explain their lower performance. Another issue is
the GBLE “Zeldenrust” which is an intrinsically integrated GBLE. A
previous study (Vandercruysse et al., under revision) showed that
this GBLE forms a challenge for this target group, because inter-
twining gameplay and learning content is highly complex for them.
Although an attempt was made to reduce this complexity by
integrating additional support, the results indicate that internally
adding information in the already complex GBLE is detrimental for
VSE students’ performance and motivation. What is more, inte-
grating the support internally is more unfavourable for students’
performance than offering no support at all. Hence, when inte-
grating conceptual clarifications in a GBLE, the GBLE itselves needs
to be considered as well. A final issue is the impact of the behaviour
of the learners. It is possible that the students in the ECC condition
did not read or used the support. Although they were stimulated to
do so during the intervention, they could not be forced to read the
information. Previous studies already showed that instructional
support remains frequently unused (Nelson, 2007) and help offered
in computer environments (not necessarily GBLEs) is seldom used
by learners (Aleven, Stahl, Schworm, Fischer, &Wallace, 2003). The
support in the ICC conditionwas embedded in the GBLE so students
could not ignore it. For the ECC condition, students might not have
used the supportive information at all and hence resemble the
control condition. This may explain the lack of difference between
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the ECC and the control condition. Future studies could provide a
control mechanism in order to be able to know if students read the
external support or not and hence be able to decide whether this
type of support is beneficial for this target group. If students in the
ECC condition actually read the additional support and the same
results are found, this would indicate that it is not the support as
such, but the way it is offered to the students (i.e., internal or
external) that evokes an effect. Up to now, no studies compared
both ways of integration yet. This has led to an impasse without a
clear view on the effect of instructional support and more specif-
ically on the effect of the different ways the support can be inte-
grated in GBLEs. This study slightly indicates that theway support is
integrated matters, even though there is no certainty about the
actual use of the external support. Consequently, future research
could investigate whether the findings in this study concerning
students’ performance are reproducible and generalizable to other
forms of support or to other GBLEs. Additionally, generalizability for
other target groups can also be the topic of future research since it
was demonstrated by ter Vrugte et al. (2015a) that VSE students
deviate from other target groups concerning the effect of instruc-
tional support in GBLEs.

Concerning the results for the effect of condition on game
performance an additional remark should be made. As was shown
by the results, a significant difference for game performance was
found only for the total game score. The proportion correct score,
which is a more objective reflection of students’ ability to solve
proportional reasoning problems, revealed no significant differ-
ence. The students in the ICC condition, however, had to spend a
considerable amount of time during gameplay to the conceptual
clarifications. As it is not clear whether the ECC condition spent the
same amount of time using this support, and the control condition
had no additional information to process, students in the ECC and
control conditions were able to spend more time to the gameplay
and the learning content than the ICC condition. This might
explain the higher gamescore. As the proportion correct score
takes the number of items solved into account, this might be a
reason why the differences between the conditions disappeared
when using this score. Furthermore, the fact that support had an
effect on the proportional reasoning performance but not on the
game performance confirmed the findings of Leemkuil and de Jong
(2011). They also concluded that the relationship between
instructional support and game performance needs not neces-
sarily be the same as the relationship between instructional sup-
port and test performance.

Playing with a GBLE in which conceptual clarifications are
internally integrated, in addition to the negative effect on students’
performance, also had negative effects on students’ motivation.
This decrease in motivation was not found for students in the ECC
and control condition. On the contrary, both conditions showed an
increase in enjoyment. The integrated support might have dis-
rupted the game flow in the ICC condition (Johnson&Mayer, 2010).
The ECC and control conditions had no interruptions and partici-
pants could play the game at their own pace. Further, the experi-
enced difficulties as just discussed might have frustrated the
students in the ICC condition. Finally, as the ECC and control con-
dition performed better during gameplay (i.e., higher total game
score), this might have been an extra stimulation and fun factor,
while the students in the ICC condition performed less and expe-
riencedmore difficulties with the proportional reasoning problems.

No significant difference between the three conditions con-
cerning their perceived usefulness and perceived playfulness was
established and no interaction between the conditions and stu-
dents’ pre-game perception was found for their performance.
However, evidence was provided for the assumption that the
perception of instructional methods (i.e., the pre-perceived
usefulness of the GBLE) affects students’ intrinsic motivation. For
the ICC condition, students with a low pre-perceived usefulness of
the game, showed an increase in perceived competence after
gameplay. Surprisingly, students with a high pre-perceived use-
fulness of the GBLE showed a (high) decrease in perceived
competence after gameplay. The complexity of the ICC condition
might explain this. Students with high perceived usefulness, might
been overwhelmed by the flood of information offered in the ICC
version of the GBLE. Students with low expectations about the
usefulness of the GBLE, might been positively surprised by the
possibilities of the GBLE and their own experience with the GBLE.
These findings are in contrast with the assumption that students
who perceived the GBLE as a less useful tool to learn proportional
reasoning were less motivated and invested less mental effort than
students who perceived the GBLE as a more useful tool to learn
(Salomon, 1984). In sum, the evidence for the importance of stu-
dents’ perception in GBL processes was less clear as expected.

This study contains some limitations. The first relates to the
sample of participants which shows an over-representation of boys
in the ECC and control conditions. In the ICC condition the gender
division is more balanced. It is argued that girls have limited initial
computer and game knowledge, possibly resulting in a greater
difficulty in using a game (Vandercruysse, Vandewaetere, &
Clarebout, 2012). The unbalanced division of gender over the con-
ditions, and especially the under-representation of girls in the ECC
and control conditions, might have played a role in the actual ease
of use of the GBLE in this study. The allocation of classes instead of
individuals to conditions is another limitation of the study,
although this was a conscious choice and a pragmatic decision. The
interventions were planned during regular lessons and students
from different classes could not be regrouped to form a condition
since the PGS lessons took not place on the same moments for the
different classes. Furthermore, the interventions took four lessons
for each class, which made a combination of individual students
over classes in one condition practically impossible. Offering two or
three conditions in one class (that participated at the same
moment) was also impossible considering the study design (and
the specificity of the three conditions, i.e., offering additional hand-
outs or not). However, to examine if there was a significant differ-
ence between the classes for the dependent variables, additional
multilevel analyses were conducted. None of the multilevel ana-
lyses showed a significant difference between the classes before
they participated in the study. Therefore, the differences between
classes were no longer considered or taken into account in the
analyses. Another limitation was the lack of control of the use of
support in the ECC condition, as discussed above. Future studies can
further elaborate on this. A final limitation concerns the short-term
intervention (i.e., four course hours for the complete intervention).
This implies that the provided learning time was relatively short to
attain deep learning since mean playtime was approximately
80 min. However, the game focused on a very specific and well-
defined domain of mathematics (i.e., proportional reasoning) and
the provided playtime seemed sufficient to be able to produce a
learning effect. A delayed post-test or a long-term intervention,
however, might provide more information about the quality of the
acquired knowledge after the students’ played with the (different
versions of the) GBLE “Zeldenrust” (i.e., long-term effects). Hence,
future researchmight investigatewhether the findings of this study
also apply for long-term intervention.

To conclude, the results of this study indicate that VSE students
benefit from playing with a GBLE in order to enhance their pro-
portional reasoning skills. Adding conceptual clarifications as
instructional support in an intrinsically integrated GBLE is not
recommended. If the support is given to the students anyhow, it is
advised to offer it externally because internally integrating this
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support leads to a decrease in performance and motivation. The
results in this study indicate that support as such, but also the way
it is integrated in the GBL process, might be decisive for its effec-
tivity. Obviously, further research is warranted in order to replicate
these findings also for other types of support, other GBLEs and
other target groups.
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