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    Abstract     In this study, we investigate whether cognitive confl icts induced by 
curiosity- triggering events have a positive impact on learning and motivation. 
In two experiments, we tested a game about proportional reasoning for secondary 
prevocational students. Experiment 1 used a curiosity-triggering vs. control condi-
tion pretest–posttest design. The control condition received the game without 
curiosity- triggering events. The results provided evidence that the game improves 
proportional reasoning skills. Although game performance was positively related to 
posttest performance, the hypothesized higher increase in learning and motivation 
after curiosity-triggering events was not found. Based on the results of Experiment 1, 
the game was adapted. Experiment 2 showed basically the same pattern of results, 
but we did not fi nd a learning effect after playing the game. In the Discussion, 
we suggest additional research with think-aloud and/or eye-tracking to map the 
actual thoughts after the curiosity-triggering events. In addition, we propose some 
alternative implementations to evoke cognitive confl icts.  

  Keywords     Curiosity   •   Game-based learning   •   Cognition   •   Motivation   •   Mathematics  

     The last decade shows an increasing attention for the use of computer games in 
learning and instruction, often referred to as serious games or game-based learning 
(GBL). However, recent meta-analytic reviews have shown that GBL is only mod-
erately more effective and not more motivating than traditional instruction 
(Sitzmann,  2011 ; Wouters, van Nimwegen, van Oostendorp, & van der Spek,  2013 ). 
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For example, Wouters et al. reviewed 39 empirical studies for their meta-analysis 
and found a moderate effect size for learning of  d  = .29 in favor of GBL. Likewise, 
they found a moderate, but statistically nonsignifi cant, effect for motivation in favor 
of GBL. 

 A plausible explanation for the limited effect of GBL on learning is that players 
act in computer games and see the outcome of their actions directly in changes in 
the game world. This may lead to a kind of intuitive learning: players know how to 
apply knowledge, but they cannot explicate it. In other words: they don’t necessarily 
acquire the underlying rules (Leemkuil & de Jong,  2011 ). It is possible that studies 
therefore fi nd no relation between success in the game and success on an explicit 
knowledge test. Yet, it is important that learners articulate and explain their knowl-
edge because it urges them to  organize  new information and  integrate  it with their 
prior knowledge (Mayer,  2011 , Wouters, Paas, & van Merriënboer,  2008 ). 

 Sense of control regarding decisions during game play (e.g., when to leave the 
game, go back in the game, conduct specifi c actions in the game) is deemed an 
important determinant for intrinsic motivation (Deci, Koestner, & Ryan,  1999 ; Ryan, 
Rigby, & Przybylski,  2006 ). It is neglected that GBL often lacks control because the 
game that is used and the playing time are generally defi ned by the curriculum and 
not by the player (Wouters et al.,  2013 ), resulting in low motivation. In addition, it is 
plausible that the lack of motivational appeal in GBL environments is a refl ection of 
the fact that the world of game design and instructional design are not yet integrated 
(Wouters, van Oostendorp, Boonekamp, & van der Spek,  2011 ). Take, for example, 
the situation in which a designer uses a pop-up screen with a message that prompts 
the player to refl ect. From an instructional design perspective such a focus may yield 
learning, but it is also likely that such an intervention will disturb the fl ow of the 
game and consequently undermine the entertaining nature of the game and reduce 
motivation and learning as well. 

 The question raised in this study is how we can stimulate players to engage in 
relevant cognitive processes that foster learning without jeopardizing the motiva-
tional appeal of the game. In this respect, the role of curiosity is often neglected in 
GBL. It is interesting for two reasons. To start with, curiosity is regarded as a moti-
vator for active (cognitive) explorative behavior (cf. Berlyne,  1960 ; Litman,  2005 ; 
Loewenstein,  1994 ). Second, active exploration is a key aspect of contemporary 
computer games (Dickey,  2011 ) which might be benefi cial for learning. 

    Curiosity 

 In his review, Loewenstein ( 1994 ) proposes an information-gap theory in which 
curiosity is supposed to arise when attention becomes focused on a gap in one’s 
knowledge. Such an information gap produces the feeling of deprivation labeled 
curiosity. The curious individual is motivated to obtain the missing information in 
order to reduce the gap and to eliminate the feeling of deprivation. 
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 An information gap can be interpreted in two ways. The fi rst interpretation is 
related to conceptual change which can be defi ned as the process of connecting 
prior knowledge (ideas, beliefs, knowledge) with new knowledge (Limón,  2001 ; 
Merenluoto & Lehtinen,  2004 ). From an information gap perspective a cognitive 
confl ict can be used as a strategy to promote conceptual change. Such a cognitive 
confl ict can be induced by presenting information that is incongruent with the prior 
knowledge (e.g., it contradicts prior knowledge). The cognitive confl ict is supposed 
to be a drive for information-seeking questions in order to reconcile the confl ict 
between prior knowledge and new incongruent information (Graesser & McMahen, 
 1993 ; Graesser & Olde,  2003 ). 

 The second interpretation is related to Berlyne’s concept of a cognitive confl ict 
(Berlyne,  1960 ; Loewenstein,  1994 ). This construct encompasses “collative” variables 
such as complexity, novelty, and surprisingness. The presence of these stimulus 
characteristics would arouse cognitive confl ict and stimulate curiosity. In this case, 
an information gap occurs when stimuli present contradictory or incongruent infor-
mation. For example, in the game a learner is told that a presented problem can be 
solved but the game environment appears to offer no opportunities to solve the 
problem. Although this interpretation is not related to conceptual change, it can also 
be regarded as a cognitive confl ict namely the confl ict in the current mental repre-
sentation of the learner between:

    1.    The expectations of the learner (based on the assurance that the problem can be 
solved).   

   2.    The affordances in the learning environment to solve the problem.    

  The assumption—in line with Jirout and Klahr ( 2012 )—is that this information 
gap will motivate students to explore the environment and fi nd relevant information 
for constructing appropriate solution methods. More specifi cally, we assume that 
based on Loewenstein ( 1994 ) and Berlyne ( 1960 ) ideas that externally inducing the 
information gap will stimulate curiosity, raise arousal, and consequently enhance 
explorations in the game environment and in this way improve learning. 

 The advantage of curiosity induced by an information gap is that individuals are 
cognitively active in an engaging way. Scholars have emphasized the potential of 
curiosity in GBL (Dickey,  2011 ; Malone,  1981 ; Wouters et al.,  2011 ), but empirical 
research is rather scarce. In this study, we present the results of two experiments in 
which we investigate the impact of curiosity-triggering events on learning. We expect 
that these events will improve learning because they will motivate learners to engage 
in explorative behavior. We used the GBL environment “Zeldenrust” that was spe-
cifi cally developed for learning proportional reasoning in secondary prevocational 
education (see Vandercruysse et al., this volume). Proportional reasoning was chosen 
because it is a relevant and well-defi ned domain and existing methods for propor-
tional reasoning are often ineffective (Rick, Bejan, Roche, & Weinberger,  2012 ). 
Furthermore, secondary prevocational education students are often associated 
with lower levels of motivation for school which makes this population particularly 
suitable for GBL.  
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    Experiment 1 

 In this experiment, we examine three hypotheses:

    1.    Playing the game yields learning in proportional reasoning.   
   2.    Game performance is predictive for (off-line) posttest performance.   
   3.    The game with curiosity-triggering events improves learning and increases 

motivation more than the game without these events.     

    Method 

    Participants and Design 

 The participants were 67 students (28 male, 39 female) from third-year prevoca-
tional education with a mean age of 15.5 (SD = .75) recruited from four classes of 
four schools. 

 We adopted a pretest–posttest design with a control ( N  = 34) and a curiosity 
( N  = 33) group. Participants were randomly assigned to the conditions. Dependent 
variables were proportional reasoning skill, motivation, and game performance.   

    Materials 

  Domain.  The domain of proportional reasoning comprises three problem types: 
comparison problems, missing value problems, and transformation problems 
(cf., Tourniaire & Pulos,  1985 ). In comparison problems, learners have to fi nd out 
whether one proportion is “more than,” “lesser-than,” or “equal to” another propor-
tion. In missing value problems, one value in one of two proportions is missing. 
Learners have to fi nd this “missing value” in order to ensure that both proportions 
are equal. Transformation problems involve two proportions as well and all values 
are known, but the proportions are not equal. Learners have to fi nd out how much 
has to be added to one or more of the proportions in order to make both proportions 
equal (for a more extensive description, see Vandercruysse et al., 2014). 

  Game environment.  In the game Zeldenrust students have a summer job in a hotel. 
By doing different tasks the students can earn money that they can use to select a 
holiday destination during the game: the more money they earn, the further they can 
travel. During the game, the player is accompanied by the manager, a non- playing 
character, who provides information about the task and gives feedback regarding the 
performance on the task. The game comprises a base game and several subgames. 
The base game provides the structure from which the subgames can be started. 
It allows the player to select an avatar, it presents the context of the game in a sort 
of animation and features the “Student room” from which the student can control 
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the game (e.g., by choosing a specifi c subgame). Each task is implemented as a 
subgame and covers a specifi c problem type in the domain of proportional reasoning. 
The tasks are directly related to proportional reasoning (e.g., mixing two drinks to 
make a cocktail according to a particular ratio directly involves proportional reason-
ing skills). In addition, mental operations with respect to proportional reasoning are 
connected with the game mechanics (e.g., in order to get the correct amount of 
bottles in the refrigerator the player has to drag the correct number of bottles in the 
refrigerator). Each task/subgame can be played on four levels, ranging from easy to 
diffi cult. Players fi rst have to fi nish the three subgames in one level before they can 
proceed to the next level. Each task (on each level) consists of four assignments. 
The structure of these assignments is the same, but the numbers vary. For example, 
in one assignment the student is asked to refi ll a refrigerator in such a way that the 
ratio between cola and fanta is 6–12. In the next assignment, this ratio can be 16 cola 
and 4 fanta, etc. (for a more extensive description, see Vandercruysse et al., 2014). 

 In the  control  condition, all assignments were presented in an identical way and 
all information required to perform the assignment was available. See Vandercruysse 
et al. (this volume) for a description of the control condition. 

 In the  curiosity  condition, two types of curiosity-triggering events (respectively 
curiosity type 1 and type 2) were implemented in the Refrigerator and the Blender 
subgames. The main reason to introduce several types is to have variation in 
curiosity- triggering events. The Jugs subgame did not use curiosity-triggering 
events because each assignment in the subgame comprised only two jugs which 
made the implementation of these events less meaningful. As mentioned before, we 
defi ne curiosity-triggering events as stimuli that present incongruent information 
which induce curiosity. The operationalization of curiosity type 1 is as follows:

    1.    The manager character appears and tells that something strange has happened. 
He does not exactly know what has happened, but he is sure that the current 
problem (the assignment) can be solved. In this stage, an expectation is created 
consisting of the assurance that the problem can be solved.   

   2.    When the character has disappeared, the students cannot see bottles or crates 
with a caption indicating their numerical value, but only large crates (Refrigerator 
subgame) or shopping bags (Blender subgame) with a large question mark 
(see Fig.  1a ). The students already may have a hypothesis or idea how to solve 
the problem, but the opportunities in the game environment (the large crates, 
shopping bags) are incongruent with what was told them before. Consequently, 
the perceptual information is incongruent with the verbal information provided 
by the manager.

       They have to explore the contents in the crates and bags and decide how they can 
solve the problem the best. For example, the blackboard in Fig.  1b  makes clear that 
4 bottles have to be moved into the refrigerator. The learner can hover the crates/
shopping bags and reveal their content. The left crate in Fig.  1b  contains three smaller 
packages with 2, 4, and 6 bottles. By exploring the different crates/bags, the learner 
can decide which crate/shopping bag contains the packages that can best be used to 
solve the problem. With a mouse click the large crates/shopping bags are unpacked 
and the smaller packages become available (Fig.  1c ). 

The Role of Curiosity-Triggering Events in GBL
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 The operationalization of curiosity type 2 is as follows:

    1.    The manager character also appears and tells that something has happened but 
that the problem can still be solved (creating an expectation).   

   2.    The game environment shows a series of crates (Refrigerator subgame) or bottles 
(Blender game). The fi rst two crates/bottles have a caption with the amount 
that they represent; the other crates/bottles have a question mark (see Fig.  2a ). 
Again the opportunities in the game environment (crates/bottles with a question 
mark) are incongruent with what was told them before. So again there is an 
incongruency between perceptual and verbal information.

       The learner can hover the crates/bottles and reveal their content (Fig.  2b ). 
By exploring the content, learners can discover and decide which option best fi ts the 
solution of the problem. A crate/bottle can be activated with a mouse click and then 
be moved to the refrigerator or blender used (Fig.  2c ). The crates/bottles always 
represent an arithmetic relationship (e.g., 12, 18, 24, 30, 36, 42, 48). 

  Fig. 1    The implementation of curiosity type 1. ( a ) ( Upper left ) depicts the initial situation. ( b ) 
( Upper right ) shows the content when hovering over the crate with the mouse. ( c ) ( Under left ) 
shows the situation when the crate is unpacked       
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 In each level, two curiosity type 1, one curiosity type 2, and one normal assign-
ment were presented in a random order. 

  Tests.  Proportional reasoning skill was measured with a test consisting of 12 open 
questions: four questions for each problem type. The questions were comparable 
with the assignments in the game. An example (missing value) is: 

 “For a banana milkshake you have to use 28 bananas and 48 units of ice. How 
many units of ice do you need if you are going to use 56 bananas and you want to 
remain the same proportion?” 

 There were two versions of the test. The structure of these versions was the same, 
but the numbers were different. The comparability of both versions was tested in 
pilot study. 

 Motivation was measured with the enjoyment subscale (7 items) from the 
Intrinsic Motivation Inventory (Ryan,  1982 ) with a 7-point Likert scale (ranging 
from “strongly disagree” to “strongly agree”). All items were translated into Dutch 
and tested in a pilot study (reliability Cronbach’s alpha = .74).  

  Fig. 2    The implementation of curiosity type 2. ( a ) ( Upper left ) depicts the initial situation. ( b ) 
( Upper right ) shows the content when hovering over the crate with the mouse. ( c ) ( Under left ) 
shows the situation when the crate is selected and dragged to the refrigerator       
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    Procedure 

 The experiment was run on the computers of the schools. The experiment took 
150 min divided into three sessions of 50 min. In the fi rst session, the experiment 
was introduced and the pretest was administered (40 min). When participants had 
fi nished the pretest, they could do their homework. The second and third sessions, a 
week later, were two successive lessons with a break of 10 min. In the second 
session, the participants played the game (40 min) and fi lled in the motivation 
questionnaire (10 min). At the beginning of the session, the participants were seated 
at a designated computer and received a login code. All actions of the players during 
playing the game were logged. After the break, the posttest was administered in 
the third session (40 min). One version was used in the pretest, the other version in 
the posttest.  

    Scoring 

  Skill test.  Each answer of the pretest and posttest was coded as 0 (wrong answer or 
no answer) or 1 (correct answer). For the analysis, we focused on the performance 
on the three problem types (4 questions each) and on the overall performance 
(12 questions). 

  Motivation questionnaire.  For each participant, a mean score was calculated. 

  Game performance.  Due to technological problems during logging, the data of six 
participants was removed from the dataset. Two variables were calculated for each 
participant:

    1.    The total time they spent in a subgame to perform the assignments.   
   2.    The number of assignments they correctly solved in a subgame.    

      Results and Conclusion 

 For all statistical tests, a signifi cance level of .05 was applied. Effect sizes will be 
expressed in Cohen’s  d . Table  1  shows the results for each condition on proportional 
reasoning skill and motivation.

   A paired-samples  T -test on the pretest and posttest scores confi rms hypothesis 1 
arguing that playing the game improves learning (overall  t (66) = 3.31,  p  = .002, 
 d  = .44; missing value problems:  t (66) = 2.30,  p  = .025,  d  = .32; comparison problems: 
 t (66) = .16,  p  > .05; transformation:  t (66) = 4.83,  p  = .000,  d  = .28). 

 Table  2  provides an overview of both game performance variables for each 
subgame.

P. Wouters et al.



199

   To test the hypothesis that game performance (correct assignments and 
time on task) predicts posttest performance, we used a hierarchical regression with 
two blocks. The fi rst block consisted of the pretest score. In the second block, 
correct assignments and time on task were entered stepwise. By using two blocks, 
the effect of the pretest score on the posttest can be isolated. From Table  3  can 
be concluded that hypothesis 2 is partly confi rmed: when the variance caused by the 
pretest score and both game performance variables is accounted for, only the number 
of correct assignments and pretest score are predictive for posttest performance. 
In the control condition, number of correct assignments explains 25 % of the variance 
extra, in the curiosity condition 20 %.

   At face value, it seems that hypothesis 3 can be (partly) confi rmed because the 
curiosity condition benefi ts more from playing the game than the control condition 
(see Table  1 ). However, a series of ANCOVAs (condition as fi xed factor and pretest 
score as covariate) reveals no statistical differences: proportional reasoning all:  F (1, 
60) < 1; missing value:  F (1, 60) = 2.57,  p  = .11; comparison:  F (1, 60) = 1.5,  p  = .22 
and transformation:  F (1, 60) = 1.70,  p  = .20. Since motivation was only measured 
after playing the game, a  T -test was conducted ( t (65) = −.18,  p  = .86), indicating no 
difference in reported motivation.  

    Table 1    Mean scores and standard deviations on the dependent variables for both conditions in 
Experiment 1   

 Experiment 1 

 Control  Curiosity 

 Pretest  Posttest  Pretest  Posttest 

 Proportional reasoning overall [0–12]  3.77 (3.25)  5.00 (3.62)  4.90 (3.07)  6.53 (3.30) 
 Missing value (Refrigerator) [0–4]  1.42 (1.26)  2.12 (1.56)  2.07 (1.31)  2.59 (1.37) 
 Comparison (Jugs) [0–4]  1.71 (1.37)  1.61 (1.25)  2.07 (1.26)  2.26 (1.26) 
 Transformation (Blender) [0–4]  .64 (1.35)  1.27 (1.46)  .77 (1.19)  1.68 (1.51) 
 Motivation [1–7]  n.a.  3.54 (.38)  n.a.  3.55 (.37) 

   Note : numbers between [ ] indicate the range of possible scores  

 Experiment 1 

 Control  Curiosity 

 M  SD  M  SD 

 Missing value (Refrigerator) 
 Correct assignments  5.67  3.50  6.81  3.52 
 Time on task (s)  641  355  596  245 

 Comparison (Jugs) 
 Correct assignments  4.42  2.55  5.07  2.94 
 Time on task (s)  135  102  140  87 

 Transformation (Blender) 
 Correct assignments  5.33  3.60  6.28  3.59 
 Time on task (s)  651  252  818  417 

   Table 2    Mean scores and 
standard deviations on the 
game performance variables 
in Experiment 1   

The Role of Curiosity-Triggering Events in GBL
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    Discussion 

 Although playing the game yielded learning (hypothesis 1) and game performance 
was positively related to posttest performance (hypothesis 2), we did not fi nd a 
benefi cial effect of curiosity-triggering events in posttest performance nor in moti-
vation (hypothesis 3). 

 Interviews conducted after the experiment revealed that some students did not 
immediately understand the intention behind the curiosity-triggering events. This 
was especially true for the curiosity 1 type assignments. For instance, students 
raised here their hand and told that they could not solve the problem because there 
were no bottles with a number (e.g., a bottle with a numerical value) that they could 
use to perform the assignment. We had expected that this would trigger them to fi nd 
ways in the game to solve the problem, but they did not make this connection. In the 
fi rst level of the game, we also observed that some students did not know what to do 
in the game (also in the control condition). Despite a tutorial, it took these students 
time to understand what they had to do in an assignment and the actions that were 
needed to perform the assignment. The log fi les indicated that most students 
neglected the tutorial. Based on these fi ndings, we adapted the game.   

    Experiment 2 

 In this experiment, we adapted the GBL environment. The most important rationale 
to conduct Experiment 2 is that the curiosity implementation in Experiment 1 was 
not clear for all students. Some of them could not make a connection between what 

 Experiment 1 

  B    SE B    β  

 Control 
 Step 1: Constant  2.64  .92 

 Pretest score  .56  .19  .51* 
 Step 2: Constant  −.25  1.10 

 Pretest score  .39  .16  .35** 
 Correct assignments  .22  .06  .53* 

 Curiosity 
 Step 1: Constant  3.28  .93 

 Pretest score  .60  .16  .58* 
 Step 2: Constant  1.03  1.04 

 Pretest score  .34  .16  .33** 
 Correct assignments  .19  .06  .51* 

   Note : *  p  < .005, **  p  < .05 
 Control:  R  2  = .26 for step 1, ∆ R  2  = .25 for step 2 
 Curiosity:  R  2  = .33 for step 1, ∆ R  2  = .20 for step 2  

   Table 3    Hierarchical 
regression on game 
performance variables in 
Experiment 1   
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was told by the NPC character at the beginning of the curiosity event and what they 
could do in the game world. In Experiment 2, we have made this link more promi-
nent by introducing a dialogue which refers to the situation in the game world. 
In addition, the curiosity type 2 events were replaced by curiosity type 1 events 
(see the “ Method ” section for more detailed information). Finally, the tutorial was 
redesigned in order to support students during game play. The same hypotheses 
were tested. 

     Method 

    Participants and Design 

 Again a pretest–posttest design was used. Students from two small classes were 
randomly assigned to the control ( N  = 11) and curiosity ( N  = 14) condition.   

    Materials 

  Domain.  The same domain was used as in Experiment 1. 

  Game environment.  The same game was used as in Experiment 1 with major adap-
tions. First, the passive tutorial was replaced by an interactive learn-while-you play 
tutorial which is more in line with contemporary games. Second, the graphics were 
redesigned in order to limit the size of the game. The game used in Experiment 1 
was quite large (40 MB) and sometimes caused long download times. Figure  3  gives 
an impression of the new visual design (size of the game is 1.2 MB).

   The  control  condition was exactly the same as in Experiment 1. The  curiosity  
condition was different from the curiosity condition in Experiment 1 on two 
points: 

 First, the expectation is now created by a short dialogue between the manager 
and the aunt character. For example, “Manager: What a strange situation! Yet I 
know for sure that it is possible to perform the task!” <aunt appears> “Aunt: But 
how then? …. I only see crates with question marks. Where are the bottles?” It puts 
more emphasis on the fact that something strange had occurred but that the assign-
ment is still solvable. 

 Secondly, experts criticized that the arithmetical relationship in the curiosity type 
2 events was in fact an additional instructional aid which could confound with the 
curiosity intervention. Both the curiosity intervention and the (arithmetic)  instructional 
aid can potentially explain a positive effect of the curiosity type 2 events. Therefore, the 
curiosity type 2 events were replaced by curiosity type 1 events. 

  Tests.  The pretest and posttest were the same as used in Experiment 1. Due to time 
constraints, the motivation questionnaire was omitted.  

The Role of Curiosity-Triggering Events in GBL
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    Procedure 

 The procedure was the same as used in Experiment 1 with the difference that the 
posttest was not administered directly after playing the game, but in a third session 
that took place 3 days later.  

    Results and Conclusion 

 The same analyses as in Experiment 1 were conducted. Two participants (one from 
each condition) were identifi ed as outlier and therefore removed from the dataset. 

 Table  4  shows the results for each condition on proportional reasoning skill.
   Hypothesis 1 is rejected because the paired-samples  T -test reveals no learning 

effect from playing the game (overall  t (22) = 1.01,  p  > .05). Also tests on subgame 
level did not reveal differences (missing value problems:  t (22) = .92,  p  > .05; 
comparison problems:  t (22) = 1.15,  p  > .05; transformation:  t (22) = 1.35,  p  > .05). 

 Table  5  gives an overview on game performance.
   The hypothesis that game performance (correct assignments and time on task) 

predicts posttest performance (H2) can be partly confi rmed: when the variance 
caused by the pretest score and both game performance variables is accounted for, 
only the number of correct assignments and pretest score are predictive for posttest 
performance. The number of correct assignments explains 46 % and 62 % of the 
variance extra in the control and curiosity condition, respectively (see Table  6 ).

  Fig. 3    The new design of the GBL       
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   Table 4    Mean scores and standard deviations on the dependent variables for both conditions in 
Experiment 2   

 Experiment 2 

 Control  Curiosity 

 Pretest  Posttest  Pretest  Posttest 

 Proportional reasoning overall [0–12]  2.44 (1.01)  2.33 (1.58)  3.71 (1.98)  3.00 (2.38) 
 Missing value (Refrigerator) [0–4]   .55 (1.01)   .78 (.83)  1.14 (1.34)  1.29 (1.11) 
 Comparison (Jugs) [0–4]  1.89 (1.17)  1.55 (1.13)  2.28 (.95)  1.42 (1.27) 
 Transformation (Blender) [0–4]  0 (0)  0 (0)   .25 (.71)   .25 (.70) 

   Note : numbers between [ ] indicate the range of possible scores  

 Experiment 2 

 Control  Curiosity 

 M  SD  M  SD 

 Missing value (Refrigerator) 
 Correct assignments  4.93  2.66  4.09  2.26 
 Time on task (s)  632  323  602  238 

 Comparison (Jugs) 
 Correct assignments  4.50  3.23  3.00  1.84 
 Time on task (s)  168  77  122  100 

 Transformation (Blender) 
 Correct assignments  3.93  2.84  3.09  2.47 
 Time on task (s)  672  331  444  343 

   Table 5    Mean scores and 
standard deviations on the 
game performance-dependent 
variables in Experiment 2   

 Experiment 2 

  B    SE B    β  

 Control 
 Step 1: Constant  2.07  .93 

 Pretest score  .11  .26  .15 
 Step 2: Constant  .37  .99 

 Pretest score  .12  .21  .16 
 Correct assignments  .11  .05  .68* 

 Curiosity 
 Step 1: Constant  1.36  1.93 

 Pretest score  .30  .40  .29 
 Step 2: Constant  −1.35  1.48 

 Pretest score  −.19  .30  −.19 
 Correct assignments  .41  .13  .92* 

   Note : *  p  < .05 
 Control:  R  2  = .02 for step 1, ∆ R  2  = .46 for step 2 
 Curiosity:  R  2  = .08 for step 1, ∆ R  2  = .62 for step 2  

   Table 6    Hierarchical 
regression on game 
performance variables in 
Experiment 2   
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   Hypothesis 3 indicating that the curiosity condition will yield higher learning 
gains than the control condition must be rejected. Neither on the overall game nor 
on the different problem types (subgames) the ANCOVAs revealed differences 
between both conditions (all  F (22) < 1,  p  > .05). 

 Despite the modifi cations in the game environment, we found no learning effect 
after playing the game (hypothesis 1). The regression analysis on the other hand 
provides some evidence that game play improves proportional reasoning skills: 
46 % and 62 % of the variance in the posttest score (respectively, the control and 
curiosity condition) can be attributed to the number of correct assignments. This 
implies that better performance on the posttest can be explained by a higher number 
of correct assignments which indicates that effective game play improves learning 
(hypothesis 2). We did not fi nd evidence that curiosity-triggering events improved 
learning more than a game without these events (hypothesis 3). 

 The absence of a learning effect can be the result of a lack of motivation during 
the administration of the posttest. The comparison of the pretest and posttest scores 
provides some support for this assertion. We found that three participants with rather 
high scores on the pretest (8, 8, and 7 where the maximum score could be 12) scored 
very low on the posttest (respectively 2, 0, and 3). It is possible that the game has 
such a strong negative learning effect, but this is not in line with the results of the 
control condition in Experiment 1 which was comparable with the control condition 
in Experiment 2. In Experiment 1, the participants scored signifi cantly higher on the 
posttest then on the pretest. In our view, it is more likely that these differences arise 
from low motivation during the administration of the posttest in Experiment 2. 

 Another explanation may be that the posttest was administered 3 days after the 
game (in Experiment 1, this was immediately after the game), but there is some 
evidence that learning effects of GBL environments do not decrease with delayed 
testing, at least not after 3 days (Wouters et al.,  2013 ).   

    General Discussion 

 The goal of the experiments was to investigate whether the use of a GBL environ-
ment for proportional reasoning enhances learning. In addition, we examined 
whether our implementation of curiosity in the GBL environment would further 
increase the learning effect. Our operationalization of curiosity was based on 
Loewenstein’s information-gap theory ( 1994 ). It views curiosity as a reference- 
point phenomenon, with the reference point being the information that the player 
wants to know. We concur with Jirout and Klahr ( 2012 ) that the information-gap 
theory combines elements from Gestalt psychology, Social psychology, and behav-
ioral decision theory. 

 The operationalization involved two phases. First, the student was told that a 
strange situation had occurred but that the current problem could still be solved. 
In this way, we created an expectation in the student. Second, the student was 
confronted with a game environment in which it was not immediately clear how this 
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problem could be solved. Taken together, we regard this as a cognitive confl ict 
namely the confl ict between the expectations of the learner and the affordances in 
the learning environment. Our assumption was that students had to explore the 
game environment and fi nd the objects (crates/bottles) that would enable them to 
implement the solution that they had conceived. 

 In Experiment 1, we found that playing the game had a learning effect. In 
Experiment 2, game play did not yield learning, though in both studies performance 
on the game assignments contributed strongly to off-line posttest performance (see 
the results of the regression analyses). In both experiments, we failed to fi nd a benefi -
cial effect of the curiosity-triggering events. Based on Loewenstein’s ( 1994 ) and 
Berlyne’s ( 1960 ) ideas, we hoped that these situational determinants would induce 
curiosity. The game environment however had a strong repetitive character which 
made it perhaps diffi cult to maintain a curiosity effect. Our implementation of curios-
ity depended on an incongruity between what players were told and what they saw. 
Some remarks can be made regarding this implementation. Firstly, can an incongru-
ity that is materialized in two different modalities (verbal and visual) evoke the 
intended cognitive confl ict? It was diffi cult for some students to make a connection 
between what was told in the verbal channel and what was shown in the visual chan-
nel. This may also explain the confusion that some students experienced when they 
were confronted with the curiosity-triggering events. It is worth to investigate the 
impact of the curiosity-triggering events when they occur in only one modality. 
For example, by focusing on an incongruity within the verbal mode. An additional 
character can be introduced in the game who challenges the actions of the student or 
who provides information that is incongruent with the information that is already 
mentioned. Malone discerned cognitive and perceptual curiosity (Malone,  1981 ). 
An interesting addition to cognitive curiosity as we included so far is to implement 
also some form of pure perceptual curiosity, for example, by hiding bottles in the 
room in such a way that students have to “collect” the bottles that they want to use. 

 Secondly, we also don’t know if players experienced a cognitive confl ict or that 
they were just confused. For this reason, an obvious next step might be to under-
stand what players think or experience when the curiosity-triggering events occur. 
Interesting methods in this respect are the use of think aloud protocols and/or 
eye-tracking. 

 Thirdly, our interpretation of information gap neglected cognitive confl ict as a 
strategy to promote conceptual change. According to the theory, this can be achieved 
by presenting new information that challenges preexisting knowledge of the learner. 

 Whether a cognitive confl ict can induce conceptual change depends on various 
(meta)cognitive factors. The learner must have suffi cient prior knowledge in order 
to identify the gap with the incongruent information. This means that the gap should 
not be too big and that the learner must feel confi dent that the knowledge confl ict 
can be reconciled (see Limón,  2001 ; Merenluoto & Lehtinen,  2004 ). In GBL envi-
ronments, such as a math game, this requires a student model with reliable informa-
tion about a student’s prior knowledge and self-confi dence. In the current generation 
of GBL environments, this is still diffi cult to implement. An application of cognitive 
confl ict to promote conceptual change that we currently investigate starts with a set 
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of proportional reasoning problems that are designed in such a way that one strategy 
is the most obvious to solve the problem. We assume that this strategy will become 
prior knowledge because students have to apply it repeatedly. Then, an event in 
the game changes the characteristics of the problem that the student is working on. 
The strategy that was used in the preceding problems is now less appropriate so that 
the student will have to devise a different strategy, which all together could enhance 
learning. 

 Some clear limitations adhere to the studies reported here. First, the number of 
participants in Experiment 2 is very low so the results should be interpreted with 
care. In addition, we were not able to administer a motivation questionnaire. Second, 
the comparison of both studies is complicated because in Experiment 1 not only 
another curiosity-triggering event is used but also because of the changes in the 
game environment. 

 Besides the proposals for future research that we have already mentioned, there is 
another interesting point for further research. Our curiosity manipulation is an exam-
ple of an added-value comparison in which the effect of a specifi c game characteristic 
is investigated (Mayer,  2011 ; Wouters & Van Oostendorp,  2013 ). It is possible that the 
control condition is already effective and that additional curiosity manipulation has no 
added-value. For future research, we propose research which combines a curiosity and 
a control condition with a non-game condition. The comparison of the latter two is a 
media comparison which may give an understanding of the effi cacy of the game con-
trol condition (see also Girard, Ecalle, & Magnan,  2013 ).     
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