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Abstract In this study we focus on the integration of mathematical learning content (i.e.,

proportional reasoning) in game-based learning environments (GBLE). More specifically,

two kinds of GBLEs are set up: an extrinsically integrated GBLE and an intrinsically

integrated GBLE. In the former environment, the mathematical content is not part of the

core mechanics and structure of the gaming world. In the latter environment, the mathe-

matical content is delivered through the parts of the game that are the most fun to play and

embodied within the structure of the gaming world and the players’ interactions with it.

Sixty-four vocational track students participated in the study, all of them working in either

version of the self-developed GBLE ‘‘Zeldenrust’’. The results of this study suggest that

the way the content is integrated in a GBLE (i.e., intrinsically or extrinsically) matters:

contrary to our expectations, students who played the extrinsically integrated game showed

higher learning gains, motivational gains and perceived usefulness than students who

played the game in which the content was intrinsically integrated.
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Introduction

Educational games have attracted scrutiny from educational technology researchers and

practitioners. Educational games are argued to have an effective and motivational effect on

students’ learning processes (e.g., O’Neil et al. 2005; Vogel et al. 2006) since they stim-

ulate their understanding and performance (Hayes and Games 2008; Liu and Chu 2010).

Games can draw players in, capture their interest and engagement (Barab et al. 2010).This

means that, according to Barab et al. (2010), educational games are technological and

methodological means for creating curricula that are immersive, interactive and experi-

entially consequential. Nonetheless, firm evidence to back up all the positive claims and

expectations remains limited (Connolly et al. 2012; Girard et al. 2013; Hays 2005; O’Neil

et al. 2005; Randel et al. 1992; Sitzmann 2011; Vandercruysse et al. 2012). A more

systematic and thorough research approach is recommended in which specific character-

istics of game-based learning environments (GBLEs)—rather than games as such—are

studied (Aldrich 2005; e.g., Warren et al. 2009). Furthermore, there is a need for far more

research on the interaction between GBLE characteristics and student-related variables.

The current study examines the assumed benefits of games by focusing on the effects of

one specific game characteristic—i.e., content integration—on students’ motivation, math

performance, and perception. The study is conducted with a specific group of students,

being vocational secondary education (VSE) students. This target group has some specific

characteristics as it contains a significant number of at-risk students. A lot of these students

experienced a history of poor prior learning outcomes, have been exposed to numerous

unsuccessful instructional intervention and, hence, show resistance to traditional educa-

tional materials (ter Vrugte et al. 2015). As these students are characterized by high

disengagement levels, which in turn hinder numeracy progress and cause passivity or

limited investment of effort (Placklé et al. 2014), the use of computer games might be

particularly attractive because of their motivational and engaging nature and offer an

alternative instructional method to keep them interested, motivated and engaged (ter

Vrugte et al. 2015). This study examines whether the way the learning content is integrated

into a GBLE matters for these students, and if recommendations can be made in order to

design a GBLE in line with the specificity of this target group.

Content integration

Malone (1980, 1981) and Malone and Lepper (1987) were the first to consider the problem

of integrating learning content into educational games. They proposed the concepts of

intrinsic and extrinsic fantasy and assumed that the educational effectiveness of games

depended on the way in which learning content was integrated into the fantasy context of

the game. Building on these hypotheses, Habgood et al. (2005), and Habgood and Ains-

worth (2011) made a similar distinction and categorized these games as intrinsically and

extrinsically integrated games. Within this categorization, they shift the emphasis for the

distinction between GBLEs from fantasy to the core game mechanics of digital games that

embody the rule-systems and player interactions. Following their definition, intrinsically

integrated games:

(1) deliver learning material through the parts of the game that are the most fun to

play, riding on the back of the flow experience produced by the game, and not

interrupting or diminishing its impact and; (2) embody the learning material within

the structure of the gaming world and the players’ interactions with it, providing an
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external representation for the learning content that is explored through the core

mechanics of the gameplay. (Habgood et al. 2005, p. 494)

Extrinsically integrated games separate learning and playing components. After com-

pleting one part of the learning content, students are provided with a reward by having the

chance to advance in the game without dealing with learning content (e.g., playing a

subgame).

The integration of learning content into parts of the gameplay ensures game flow

experiences. Because the flow experience is maintained continually, intrinsically integrated

games are argued to motivate and engage players more than extrinsically integrated games

(e.g., Garris et al. 2002). Clark et al. (2011) as well as Habgood and Ainsworth (2011)

moreover report that intrinsically integrated games engage players with the learning

content of the game over a longer period of time. In addition to students’ increased

motivation, playing with an intrinsically integrated game might also improve learning

outcomes. For instance, Habgood and Ainsworth (2011) reported higher scores on a

delayed mathematical post-test in the intrinsically integrated condition than in the

extrinsically integrated condition. In the study of Clark et al. (2011), the learning progress

was not as high as hoped for, but the learning experience during their intrinsically inte-

grated condition seemed to have been supported.

In this study, our research focus is on the effect of extrinsically versus intrinsically

integrating learning content (i.e., proportional reasoning) in games on students’ perfor-

mance and motivation.

Students’ perception: mediating the influence of instructions

A direct effect of the instructional method on learning processes and products was assumed

in the process–product paradigm. The cognitive turn and the growing awareness of the

importance of the constructive nature of learning, however, resulted in the mediational

paradigm (Winne 1982, 1987). This paradigm stresses the importance of students’ active

cognitive processes: interpretations of instructional methods rather than the instructional

methods themselves affect learning processes and products because ‘‘learners are active

actors in learning environments and not mere consumers of instructional designers’

products’’ (Lowyck et al. 2004, p. 429). Different interpretations result in different pro-

cesses and products (Winne 1987). Often, students’ interpretations do not align with the

intentions of teachers or designers, resulting in suboptimal outcomes (Lowyck et al. 2004).

Salomon (1984) has demonstrated that students’ perception of learning materials impacts

learning. Students who perceive the material to be leisure time activities invest less mental

effort compared to students who see them as more instructional (Salomon 1984). This

interpretation appears to also apply to educational games.

Given the mediational paradigm, the role of students’ perception is explicitly

acknowledged in this study. Students’ game perception is defined as (1) their expectations

around the GBLE goals and more specifically whether players perceive the GBLE as

leisure time (something fun or relaxing, not asking any effort) or as an educational activity

(something more akin to work, asking some effort of the students) (perceived playfulness),

and (2) the degree to which students believe that using a GBLE will enhance their per-

formance (perceived usefulness) (Vandercruysse et al. 2015c).

Students’ perception, however, not only relates to the instructional method (i.e., the way

the GBLE is introduced to the students) and performance (i.e., how well they perform in

the GBLE), but also to their intrinsic motivation (Lowyck et al. 2004). Students’ perception
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of instruction as relevant and interesting is assumed to go along with a high intrinsic

motivation (Kinzie 1990; Ryan and Deci 2000). The study of Herndon (1987) also suggests

that intrinsic motivation might be stimulated when students are provided with relevant and

interesting instructions.

Taken together, knowledge of how students perceive a given instructional interven-

tion—in this case a GBLE—seems essential because inter-individual differences in per-

ception may affect the effectiveness of the intervention (Lowyck et al. 2004; Struyven

et al. 2008). Furthermore, the way in which students perceive instructional interventions

triggers learning engagement, and thus influences learning (Elen and Lowyck 2000;

Entwistle 1991; Lowyck et al. 2004; Shuell and Farber 2001). Combining these findings

with the abovementioned focus on the different possibilities to integrate mathematical

content in a GBLE, a difference in perception might be expected for the two types of

GBLEs developed for this study. Additionally, it can be hypothesized that the effect of

content integration (extrinsic vs. intrinsic) on mathematical performance and students’

motivation will be influenced by students’ perception of the GBLE.

Purposes of this study

In this clustered randomized design study, the focus is on the integration of proportional

reasoning as mathematical learning content. More specifically, two kinds of GBLEs are

studied: an intrinsically and an extrinsically integrated GBLE. Based on the definition of

Habgood et al. (2005), the mathematical content in the intrinsically integrated game is

delivered through those parts of the game that are the most fun to play and embodied

within the structure of the game and the players’ interactions with it. In the extrinsically

integrated environment, the mathematical content is not part of the core mechanics and

structure of the game, but is only introduced at the beginning of every subgame as a

separate mathematical exercise. After solving these questions, students are rewarded with

the opportunity to play a subgame without being presented any learning content. The

current study focuses on the potential benefit to VSE students when a GBLE for mathe-

matics is used and, more specifically, whether integrating this mathematical content in a

particular way (intrinsic vs. extrinsic) produces different effects.

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

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

2. Does playing with an intrinsically integrated GBLE differently influence VSE

students’ performance than playing with an extrinsically integrated GBLE does (Clark

et al. 2011; Habgood and Ainsworth 2011)?

3. Does playing with an intrinsically integrated GBLE differently influence VSE

students’ intrinsic motivation than playing with an extrinsically integrated GBLE does

(Clark et al. 2011; Habgood and Ainsworth 2011)?

4. Does playing with the intrinsically integrated GBLE differently influence VSE

students’ perceived playfulness than playing with the extrinsically integrated GBLE

does (Lowyck et al. 2004; Salomon 1984)?

5. Does playing with an intrinsically integrated GBLE differently influence VSE

students’ perceived usefulness of the GBLE than playing with an extrinsically

integrated GBLE does?

Furthermore, this paper not only examines whether the intervention influences VSE

students’ perception after using the GBLEs. In line with the mediational paradigm (Winne

1987), it also investigates whether the effect of content integration in a GBLE on students’
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performance, intrinsic motivation, and perception (as described in the abovementioned

research questions) is influenced by the differences in students’ pre-game perception.

6. Does VSE students’ perceived usefulness and playfulness before gameplay interact

with the intervention for students’ mathematical and game performance?

7. Does VSE students’ perceived usefulness and playfulness before gameplay interact

with the intervention for students’ intrinsic motivation?

Figure 1 offers an overview of the variables and the investigated relations between the

variables.

Methods

Participants

Participants in the study were 64 students from VSE schools (ages ranged between 14 and

17 years old; M = 14.79; SD = .74) in Flanders (Belgium). Six classes with three dif-

ferent specializations (woodworking/mechanics, hairdressing, and cookery/care) from two

schools were selected. Student classes were randomly assigned to the conditions. The

conditions showed an unbalanced gender division (see Table 1), which is further discussed

in the limitation section. The participants form a homogeneous group in terms of educa-

tional background as they live in the same region and have similar educational back-

grounds, access to computers and levels of ICT knowledge.

Only data from students that completed the entire intervention (four 50-min course

hours) were included for analysis in the dataset. Accordingly, the data from six students

were discarded, resulting in data from 58 participants on all measured variables.

Fig. 1 Schematic overview of the research questions (indicated by ‘‘Q’’, followed by the research question
mentioned in the section above
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Design

In this quasi-experimental study, a pre-post clustered randomized subject design with two

conditions (intrinsic integration vs. extrinsic integration) as between-subjects variables was

adopted. In the intrinsic integration condition, students played with a GBLE in which the

mathematical content (i.e., proportional reasoning, see below) was delivered through parts

of the game (i.e., the subgames). In the extrinsic integration condition, students played with

another version of the same GBLE in which the mathematical learning content was pre-

sented as a series of separate mathematical exercises. In this version, the mathematical

content was not integrated into the structure of the game but presented to the students prior

to each subgame in the form of traditional mathematical exercises. After students have

answered these items, the game continues by entering a subgame but without mathematical

items (as is the case in the intrinsically integrated version of the GBLE). This implies that

the students playing with the extrinsically integrated version, advance in the game by

solving some tasks in the subgames (e.g., fill the refrigerator as fast as possible), without

the need to calculate the amount of bottles that need to be placed into it (i.e., the amount is

given to the students). Only the time restriction is a prerequisite for solving the task

appropriately.

Materials

GBLE: Zeldenrust

Two versions of the self-developed mathematical game called ‘‘Zeldenrust’’ (Seldomrest)

were created for the purpose of this study. The GBLE was designed to be played indi-

vidually. It offers a two-dimensional, cartoon-like environment with a play time of

approximately 1.5–2 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

of the game design and the elements integrated in the GBLE such as the goal, content,

tools, feedback and scoring, see Vandercruysse et al. 2015b). The storyline fits the social

Table 1 Conditions with number of participants in the different classes (between brackets the number of
students after drop-out and used in the analyses)

School Specialization Grade nBoys nGirls nTotal

Condition 1: Intrinsic integration School 1 Woodworking/
mechanics

3 14 (13) 3 (2)

School 2 Hairdressing 3 0 7

School 2 Hairdressing 4 0 7 (6)

31 (28)

Condition 2: Extrinsic integration School 1 Cookery/Care 3 1 12

School 2 Hairdressing 3 2 8 (7)

School 2 Hairdressing 4 0 10 (8)

33 (30)

nTotal 17 (16) 47 (42) 64 (58)

Grade 3 and 4 in a secondary school in Flanders equal grade 9 and 10 in an American High School
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environment of the target group: the players arrive in a hotel where they will work during

the holidays to earn money for a summer trip. To earn money, they have to perform a

number of jobs. Every job (subgame) contains a number of problems, and depending on

how well the jobs are executed, money for the journey can be earned (lead game).

In the first version of the GBLE, the intrinsically integrated version, the mathematical

content is interwoven with the game mechanics. Figure 2 shows an example of a challenge

in one of the three subgames, i.e., the refrigerator subgame. In this subgame, the player has

to fill the refrigerator with the correct number of cola bottles. In the example, the refrig-

erator contains 12 bottles of orange soda that cannot be removed. Outside the refrigerator

are removable cola bottles and crates with a fixed number of cola bottles in them. The

player has to drag (crates with) bottles of cola to the refrigerator so that the ratio between

cola and orange soda is 16 to 4. In other words, the player has to drag 48 bottles of cola to

the refrigerator. In the other two subgames also, (i.e., the serving subgame and the blender

subgame), the player can only advance in the game after having simultaneously mastered

both the game mechanics and the mathematical content. Both aspects cannot be separated

from each other in the intrinsically integrated version of the GBLE. This means that the

game-play is not interrupted by the mathematical learning content because it is completely

interwoven with the game mechanics and storyline.

The (mathematical) learning content integrated into the GBLE is proportional reason-

ing. This topic was chosen because it is a well-defined mathematical domain with concrete

applications. In addition, proportional reasoning is part of the Flemish vocational cur-

riculum and VSE students often experience difficulties with proportional reasoning

(Vlaamse overheid 2009). The GBLE can hence be considered both a practice environment

and an instructional environment. The GBLE is a practical environment as it offers

exercises that test content that students should master. At the same time, it is an instruc-

tional environment as it offers additional information on strategies to solve the different

kinds of proportional reasoning problems. This instructional information, i.e., the learning

content, is provided to the students in form of a handbook in the GBLE. This content-

related tutorial is permanently accessible for the players during the game and gives players

information about the different types of proportional reasoning problems and the strategies

Fig. 2 Example of refrigerator subgame task: how many bottles cola do you need?
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they can use to solve these problems. This information is supportive to the learning of

solving different proportional reasoning problems and provides a bridge between students’

prior knowledge and the learning tasks. With this information, players should be able to

handle the problems presented in the subgames. This tutorial is not automatically activated

but can be activated by the players whenever they need it.

Three different types of proportional problems (e.g., Harel and Behr 1989; Kaput and

West 1994; Vergnaud 1983) were included in the GBLE: (1) missing value problems, (2)

transformation problems and (3) comparison problems. Each problem type corresponds to

a subgame. Missing value problems (i.e., the refrigerator subgame) are problems in which

a missing value in one of two ratios needs to be found. A schematic presentation of such a

problem is for instance a/b = ?/d or a/b = c/? (e.g., � = 6/?). The second type are

transformational problems (i.e., the blender subgame), in which two ratios are offered but

the values need to be adapted to create two equivalent ratios. For instance, in the 4/16 and

14/64 example, 2 must be added to value 14 in the second ratio to make this ratio

equivalent to the first one (4/16 = 16/64). For the third problem type, the comparison

problems (i.e., serving subgame), the relationship between two ratios needs to be deter-

mined; more specifically, one ratio can be ‘‘equal’’, ‘‘smaller than’’ or ‘‘larger than’’ the

other ratio (e.g., which ratio is the smallest: 4/8 or 12/20?). All three problem types can be

subdivided into different difficulty levels. This division is based on several task-related and

subject-related factors, which influence students’ performance on proportional reasoning

problems (Kaput and West 1994; Karplus et al. 1983; Tourniaire and Pulos 1985; Verg-

naud 1983).

The game consists of four levels. At each game level, all three problem types (which

progressively become more difficult with every level) are presented to the players in the

corresponding subgame. Every subgame contains four proportional reasoning problems. So

when players have finished the game, they have completed 48 proportional reasoning

problems. Depending on the problem type, players either have one or three attempts to

solve the items. For the missing value and transformation problems, three attempts for each

item are allowed. Multiple attempts are allowed to lessen frustration, to stimulate the

players to rethink their calculations and to discourage guessing. Due to the nature of the

comparison problem items—students either give the correct or wrong answer—only one

attempt is possible for every item. If the players cannot find the correct answer after having

used up the number of allotted attempts, they automatically move on to the next task. The

students always earn the same score after giving a correct answer, regardless of their

number of attempts.

In the extrinsically integrated version, the learning content and game mechanics are

separated from each other. The proportional reasoning problems are presented to players as

classical mathematical problems before the subgames are activated. While solving these

mathematical exercises, there is no link to the storyline of the game. This might disrupt the

flow-inducing gameplay and the game-flow of the students since the exercises and the

game itself are alternately offered to students. The number and type of exercises are,

however, identical to the exercises provided in the intrinsically integrated version. When

students solved the items offered to them, the subgames get activated. In advancing

through the subgame, no mathematical operations have to be conducted. Figure 3 provides

an example of an exercise in both versions. In the intrinsically integrated version (pictured

at the top), the mathematical assignment is integrated into the storyline. Players have to fill

the refrigerator according to the proportions they are given. The game mechanics and

storyline are intertwined with the learning content. In the extrinsically integrated version

(pictured below), the learning content is provided to the students the same way it is offered
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in pencil-and-paper tests before the subgame is activated (Fig. 3 below—right). No link

with the game mechanics (i.e., the correct answer needs to be completed in the answer box

at the bottom of the screen) is made. After solving the exercises, the players are asked to

fill the refrigerator with a specific given amount of bottles within a given time span (Fig. 3

below—left). This implies the same drag-and-drop activity has to be done, but no math-

ematical calculations need to be executed.

Measurements

Basic arithmetic skills

Students’ basic arithmetic skills were tested through administration of a timed arithmetic

test (i.e., the TTR; Tempo Test Rekenen; De Vos 1992). The TTR, an already validated test

for Dutch students (see De Clerck et al. 2008), was designed to measure students’ fluency

in basic arithmetic computations (addition, subtraction, multiplication and division). The

four operations are divided over five pages: one page for each arithmetic computation and

one page that offers a mix of the four operations. Every page contains 40 arithmetic

problems of increasing difficulty. The test is time-restricted. For every page, one minute is

provided, during which students have to solve as many items as possible. The scores

students obtain reflect their level of automaticity and thus their mastery of basic arithmetic

skills. In line with ter Vrugte et al. (2015), the sum of all the correct answers on the TTR is

used (with a minimum of zero and a maximum of 200). The TTR has developed

Fig. 3 Example of a missing value problem in the intrinsic (top) and extrinsic (below) integration versions
of Zeldenrust
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standardized norms for Flemish VSE students (5th and 6th year of secondary education).

The principle of automation states that students have adequately mastered a fact or strategy

when they are able to process the calculation within three seconds (van de Bosch et al.

2009). When applied to the TTR, this means that students who score 100 or higher within

300 s are assumed to be computationally fluent. This last principle is applied in the present

study.

Proportional reasoning

Before and after the playtime session, students’ mathematical performance at the level of

proportional reasoning was measured using a self-developed proportional reasoning pre-

and post-test (see ter Vrugte et al. 2015). This test was developed in collaboration with two

experts in this topic to ensure the (content)validity of the test. The parallel test versions

with comparable difficulty levels contain 16 questions with only one correct answer and no

time limit. The questions in the tests show a considerable overlap with the items in the

subgames. More specifically, this overlap was manifest in the order of increasing difficulty,

the context and structure of the problems and proportional reasoning problem types (i.e.,

missing value problems (four items), transformational problems (four items) and com-

parison problems (four items)). This equal amount of items for each problem type further

improves the (content)validity of the test. Additionally, the students were presented with

four transfer questions, two missing value and two transformation items. These transfer

items differ from the previous items in their use of context. Because the pre- and post-test

are both parallel proportional reasoning tests, students’ knowledge gain from pre- to post-

test can be measured. At both intervals, the reliability—which was tested by calculating the

internal consistency using Cronbach’s alpha (Cronbach 1951)—appeared appropriate

(apre = .74 and apost = .76). For the analysis, the mean scores on these tests were used

(i.e., number of correctly solved items divided by 16).

Game performance

Finally, students’ performance during gameplay was also analyzed. For this performance,

two different indicators were used. The first indicator is the total game score that represents

an estimation of students’ combined mathematical ability during gameplay and their

gaming skills (e.g., deftness at dragging and dropping the necessary number of cola units in

the refrigerator game). Because the total game score assesses students’ math and gaming

skills, a second, more objective indicator of students’ proportional reasoning skills during

or (in case of the extrinsically integrated condition) before gameplay was also used: the

proportion correct score. This indicator reflects students’ ability to solve the proportional

reasoning problems, while also taking into account the number of attempts needed. More

specifically, the percentage of items correctly solved (i.e., the number of items correctly

solved divided by the number of items solved) is divided by the percentage attempts per

item (i.e., the total number of attempts divided by the number of items solved). For

example, if a student solved 14 missing value items, 10 of which were correctly answered

while 30 attempts were needed, the student would have a proportion correct score of (10/

14)/(30/14) = .33. For each problem type, this proportion correct score was calculated

separately since the number of attempts differs for the different problem types (one vs.

three).
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Motivation

Students’ intrinsic motivation was measured through the Dutch version of the intrinsic

motivation inventory (IMI; McAuley et al. 1989; Plant and Ryan 1985). This questionnaire

was presented to the students before and after the playtime session, which made it possible

to measure students’ motivational gains (by subtracting the motivation score measured

after the playtime session with the motivation score previously measured). The same

questions were used pre- and post-measurement, albeit with adjusted tenses. Two relevant

IMI subscales were selected using a 6-point Likert scale: the interest/enjoyment subscale

(seven items, e.g., ‘‘I enjoyed playing this game very much’’) and the perceived compe-

tence subscale (6 items, ‘‘I think I am pretty good at playing this game’’). The correlation

between the two subscales was positively significant (rpre = .30, ppre = .02 and

rpost = .67, ppost\ .001).

Game perception

Students’ perception of the GBLE as defined in the introduction was measured through the

game perception scale (GPS; Vandercruysse et al. 2015c). This questionnaire contains two

subscales and uses a 6-point Likert scale. The first subscale measures the degree to which

students believe that using a GBLE will enhance their performance (perceived usefulness;

five items, e.g., ‘‘I think that playing this game is useful to learn fractions’’). The second

subscale measures students’ expectations about the GBLE goals, and more specifically

whether players view the game as something fun or something more akin to work (per-

ceived playfulness; three items, e.g., ‘‘I was playing the game rather than working/learn-

ing.’’). The same questions were used pre- and post-measurement, but with adjusted tenses.

The reliabilities for both subscales for both time periods were appropriate (perceived

usefulness subscale: apre = .84 and apost = .92 and the perceived playfulness subscale:

apost = .83), that is, except for the pre-perceived playfulness. This reliability rate was

unacceptable (apre = .53). This subscale was consequently not used in the analyses. Again,

students completed the questionnaire before and after their playtime session.

Procedure

The intervention was scheduled during regular ‘project general subjects’ (PGS) lessons and

lasted four course hours for each class. The learning content in the GBLE is learning

content that is offered to the students during these PGS courses, and hence the intervention

was part of the regular school program of the students. Because the study was planned

during and as part of their regular school schedule and curriculum, the teacher and prin-

cipals of the secondary schools were asked for permission to participate in the study. The

students were offered detailed information about the goals and set-up of the study and had

the opportunity at the start of the intervention to refuse to participate. All students however,

participated in the study.

During a one-hour introduction and pre-test session, studentswere offered a short refresher

lesson on proportional reasoning to activate their prior knowledge (Merril 2002). In line with

the mathematical content integrated into the GBLE, general information on proportional

reasoning was offered. During this explanation, as suggested by Vandercruysse et al.

(2015a, d), 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
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students’ pre-intrinsic motivation (IMI) and pre-perception of the GBLE (GPS). Also, the

proportional 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 two hours. Students from the

intrinsic integrated condition played with the intrinsically integrated version of the game,

and the extrinsic integration condition with the extrinsically integrated version of the game.

As the intervention took place during regular course hours, this playtime session took place

at the classroom level, of which the classes were randomly assigned classes to the different

versions of the game (see participants for this allocation of classrooms to conditions).

Within this allotted time frame of 2 course hours, 72% of the students finished the game.

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 session lasted

approximately one hour.

Results

Initial differences

A significance level of a = .05 was set for all statistical significance tests. No outliers were

detected and the data were approximately normally distributed for all variables. The

assumption of equal variances was tested with Levene’s test for each analyses and the

results show that we can feel confident that the assumption of equal variances is met.

Table 2 lists the means (and standard deviations) per condition for all the variables. To

facilitate interpretation of the analysis results, standardized scores of the variables are used.

To identify possible initial differences between both conditions, three ANOVAs were

conducted with condition as the independent variable, and the score on the TTR, the score

on the pre-test and the score on the perceived usefulness subscale (GPS) as separate

dependent variables. These ANOVAs revealed no significant differences between both

conditions with respect to students’ score on the pre-test (F (1, 56) = 1.57, p = .22), on

the TTR (F (1, 56) = 2.05, p = .16) and the pre-perceived usefulness (F (1, 56) = 2.53,

p = .12). A MANOVA was conducted with the two subscales of the pre-motivation

questionnaire (IMI) as dependent variables. For the MANOVA (pre-intrinsic motivation)

also, no differences between both conditions were found (Wilk’s k = .97, F (2,

55) = 1.01, p = .37). It can consequently be concluded that both participant groups were

comparable in terms of prior proportional reasoning problem-solving abilities, basic

arithmetic skills, pre-game motivation and pre-game perception.

The subsequent analyses assessed prior knowledge and motivation by using gain scores

for performance and motivation measurements, so that participants’ pre-measurements

were also considered in the analyses. Because it was assumed that students’ pre-game

perception would influence their motivation, performance and post-game perception, the

interaction effects between the conditions and the pre-game perception were also

examined.

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 significant differences between the groups. Multi-level analyses

were performed for these mixed model analyses (e.g., Seltman 2015). The estimates of
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covariance parameters were scrutinized to determine whether the classes significantly

differed from each other on the variables being tested. When the parameter of the intercept

was not significant, this offered a first indication that the variance between the groups was

not determining for this variable. However, this variance between the groups was also

compared to the variance within the groups (residual parameter). In most cases, the

variance between the classes was negligibly small in comparison to the variance within the

classes (e.g., for the pre-IMI enjoyment subscale intercept estimate = .80, residual esti-

mate = 99.43), although this might be subject to interpretation. The analyses revealed no

significant differences. The differences between the groups were consequently not con-

sidered in the analyses.

Effect of content integration on students’ proportional reasoning and game
performance

A repeated-measures ANOVA with time (proportional reasoning test before to after

gameplay in order to show the evolution of the scores of the students) as within-subject

factor and content integration (intrinsic vs. extrinsic) as between-subject factor revealed a

main effect of time on students’ proportional reasoning test score (Wilk’s k = .66, F (1,

Table 2 Means (and standard deviations) per condition for all variables

Intrinsic integration
(n = 28)

Extrinsic integration
(n = 30)

Pre-performance

TTR—basic arithmetic skills (max. 200) 113.71 (23.91) 105.50 (19.73)

Proportional reasoning pre-test (in %) 60.71 (25.68) 52.08 (26.69)

Pre-motivation

IMI—interest/enjoyment (max. 42) 24.00 (6.91) 25.67 (7.02)

IMI—perceived competence (max. 36) 21.43 (4.76) 18.40 (4.80)

IMI—total score (max. 78) 45.43 (9.47) 43.97 (10.02)

Pre-perception

GPS—pre-perceived usefulness (max. 30) 17.75 (4.61) 19.70 (4.71)

Game performance

Total game score 1155.55 (429.38) 1926.20 (578.91)

Proportion correct score—missing value .71 (.37) .67 (.25)

Proportion correct score—comparison .65 (.17) .53 (.16)

Proportion correct score—transformation .56 (.21) .55 (.25)

Proportional reasoning post-test (total in %) 68.09 (17.95) 73.75 (19.93)

Post-motivation

IMI—interest/enjoyment (max. 42) 24.64 (8.67) 30.40 (7.81)

IMI—perceived competence (max. 36) 21.64 (6.74) 23.20 (5.23)

IMI—total score (max. 78) 46.29 (14.00) 53.60 (12.05)

Post-perception

GPS—post-perceived usefulness (max. 30) 18.79 (5.73) 22.80 (6.04)

GPS—post-perceived playfulness (max. 18) 8.50 (3.18) 9.00 (3.85)

GPS—post-total score (max. 48) 27.29 (7.17) 31.80 (5.65)

Content integration as a factor in math-game effectiveness 1357

123



56) = 28.39, p\ .001; g2 = .34; see Fig. 4). The mean score on the proportional rea-

soning test significantly differed between the pre- and post-gameplay session (see research

question 1). Students performed significantly better on the post-test than on the pre-test.

This effect was qualified by an interaction between time and content integration (Wilk’s

k = .92, F (1, 56) = 5.14, p = .03, g2 = .08; see Fig. 4). Although all students improved

from pre- to post-test, students in the extrinsic integration condition (from pre-test 52.08%

to posttest 73.75%) improved significantly more than students in the intrinsic integration

condition (from pre-test 60.71% to post-test 68.09%).

The effect of content integration on students’ game performance was also analyzed.

First, an ANOVA was conducted (since there is only one dependent variable measured)

with the total game score as the dependent variable and condition as factor. A significant

effect for condition on students’ total game score was found (F (1, 54) = 35.25, p\ .001,

g2 = .40). Students in the extrinsically integrated condition (M = 1926.20; SD = 578.91)

scored significantly higher than students in the intrinsically integrated condition

(M = 1155.55; SD = 429.38). Because the total game score tallies the gaming and puzzle-

solving skills of the students, an additional analysis was performed with the proportion

correct scores for each subgame/problem type (see measurements). The proportion correct

scores (see method section) are a more objective indicator of students’ proportional rea-

soning ability during gameplay. A MANOVA with the three proportion correct scores

(which significantly correlated with each other) for each problem type as dependent

variables and condition as factor revealed a significant effect (Wilk’s k = .82, F (3,

52) = 3.89, p = .01, g2 = .18). Univariate testing showed the effect to be significant for

the comparison items (F (1, 54) = 11.75, p\ .001, g2 = .18). Post-hoc testing indicated

that the intrinsically integrated condition (M = .65; SD = .17) outperformed the extrin-

sically integrated condition (M = .53; SD = .16). For the missing value and transforma-

tion problems, no significant differences between both conditions were found for efficiency

scores.

Fig. 4 Main effect of time (before to after gameplay) and interaction effect of time and condition on
students’ proportional reasoning gain scores (in %)
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In sum, the results demonstrate an effect of content integration on students’ math

performance (see research question 2). During gameplay, the intrinsically integrated

condition performed better on the comparison items than the extrinsically integrated

condition. However, for the gain score on the proportional reasoning tests and the total

game score, the effect was the opposite: the extrinsic condition outperformed the students

in the intrinsically integrated condition. These findings seemingly contradict each other. In

the below discussion part, these somewhat surprising results are discussed at length.

Effect of content integration on students’ motivation

To investigate the main effect of content integration in the game on students’ intrinsic

motivation, a MANOVA was conducted. Condition was used as factor and the gain scores

(in order to take the evolution of the scores into account) of the two subscales of the IMI

(post-IMI subscale score minus pre-IMI subscale score for the perceived interest/enjoy-

ment and perceived competence subscales)—which significantly correlated with each other

(r = .71, p\ .001)—as dependent variables. The results showed that the integration of the

content in a GBLE (condition) had a significant main effect on students’ intrinsic moti-

vational gain scores (Wilk’s k = .85, F (2, 53) = 4.78, p = .012, g2 = .15). Further

analyses demonstrated a significant difference between the conditions for the score on the

perceived interest/enjoyment subscale of the IMI (F (1, 54) = 7.22, p = .007, g2 = .13),

as well as for the perceived competence subscale of the IMI (F (1,54) = 8.39, p = .005,

g2 = .14). The extrinsic integration condition (M = 4.83; SD = 5.48) showed a signifi-

cantly higher increase in interest and enjoyment than the intrinsically integrated condition

(M = .64; SD = 6.23). For perceived competence also, the extrinsic condition (M = 4.80;

SD = 5.89) increased more than the intrinsic integration condition did (M = .21;

SD = 5.36). These results show that content integration influences students’ intrinsic

motivation (see research question 3) and, more concretely, that students who play in the

extrinsic conditions are more intrinsically motivated than the other group.

Effect of content integration on students’ game perception

The effect of the content integration (condition) on students’ post-game perception of the

GBLE was investigated through two ANOVAs (because of a non-significant correlation

between the two subscales) that used condition as factor and the two GPS subscales

(perceived playfulness and perceived usefulness; post-measurements; r = .11, p = .403)

as dependent variables. The first ANOVA with post-perceived playfulness as the dependent

variable showed no significant main effect of condition (F (1, 54) = .30; p = .59;

g2 = .006). Students’ perceived playfulness was not significantly different after having

playing with either an intrinsically or extrinsically integrated GBLE (see research question

4). The second ANOVA with post-perceived usefulness as the dependent variable, showed

a small significant main effect of condition (F (1, 54) = 3.96; p = .05; g2 = .07). After

having played with an extrinsically integrated game, students saw the GBLE as more

useful than students who had played with a GBLE in which the content was intrinsically

integrated (see research question 5).
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Interaction effect of condition and perception on students’ (mathematical
and game) performance and motivation

Because the expectation was that the effect of content integration might be influenced by

students’ pre-game perception (i.e., perceived usefulness of the GBLE), the interaction

effects of condition and students’ pre-perceived usefulness were also analyzed.

The ANOVA with learning gain scores (proportional reasoning pre-test to post-test in

order to take the evolution of the scores into account) as the dependent variable and

condition as factor showed no significant interaction effect between condition and per-

ceived usefulness (F (2, 54) = .41, p = .67; g2 = .02). The moderating effect of students’

pre-game perception on proportional reasoning performance could not be shown. Addi-

tionally, students’ game performance was investigated for the interaction effect between

condition and pre-perceived usefulness. No significant interaction effect was found

between condition and students’ pre-perceived usefulness for their total game scores (F (2,

54) = 1.20, p = .31; g2 = .04). For students’ efficiency in solving the proportional rea-

soning items in the GBLE (measured with the three proportion correct scores that sig-

nificantly correlate with each other; MANOVA) also, no interaction between condition and

perception was found (Wilk’s k = .82, F (6, 104) = 1.83, p = .10; g2 = .10; see research

question 6).

Moreover, no interaction effect between integration of the content into the game

(condition) and pre-perceived usefulness for students’ intrinsic motivation (measured with

the two subscale scores of the IMI that significantly correlate with each other; MANOVA)

was found (Wilk’s k = .93, F (4, 106) = .97, p = .43; g2 = .04; see research question 7).

Table 3 offers an overview of the results.

Table 3 Overview of the results of the study

Number Research question Results

Q 1 Does playing the GBLE influence students’ proportional
reasoning performance?

All students improved from pre-
to post-test

Q 2 Has content integration an influence on

Proportional reasoning?
Game performance?

Extrinsic[ Intrinsic
Game score:
Extrinsic[ Intrinsic

Prop. correct:
Intrinsic[Extrinsic

Q 3 Has content integration an influence on intrinsic motivation? Extrinsic[ Intrinsic

Q 4 Has content integration an influence on perceived
playfulness?

No difference between condition

Q 5 Has content integration an influence on perceived
usefulness?

Extrinsic[ Intrinsic

Q 6 Does condition interact with perception for

Proportional reasoning?
Game performance?

No interaction effect
No interaction effect

Q 7 Does condition interact with perception for intrinsic
motivation?

No interaction effect
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Discussion

In this study, VSE students were presented with a GBLE. The first analysis revealed that

the GBLE stimulated students’ proportional reasoning abilities, which was measured

through their progress from pre- to post-test, regardless of the content integration manner.

Other studies that had students play with this GBLE (e.g., ter Vrugte et al. 2015)

demonstrated similar learning gains, which increases the robustness of the finding that the

GBLE is powerful.

The focus of this study was on the effect of different ways of integrating learning

content into a GBLE for VSE students. The results provide evidence for this effect. More

specifically, participants who played with the extrinsically integrated GBLE showed higher

learning gains, higher motivational gains and higher perceived usefulness than the par-

ticipants who played with a GBLE with intrinsically integrated content. The generaliz-

ability of these findings is discussed below.

This effect of content integration on motivation and performance was not completely in

line with our expectations based on literature data. At the outset, it was for instance

assumed that intrinsically integrating the content would stimulate students and make them

outperform those students who played in the extrinsically integrated condition. Instead, the

results of the study indicated the opposite. For VSE students’ total game score, the

extrinsically integrated condition outperformed the intrinsically integrated condition.

However, when efficiency in solving the proportional reasoning items during gameplay

was taken into account, the intrinsically integrated condition performed better, although

only for one problem type. The type of proportional reasoning problem for which a

significant effect was found (i.e., the comparison problems) partly explains this finding. A

distinctive aspect of these comparison items was that students had to choose between two

possible answers rather than calculating or changing a missing or given value. Also, only

one attempt was allowed. Hence, the proportion correct of these items did not assess

students’ as well and it may have been attained based on chance (as there is always a one in

two chance that the answer is correct). For the other two problem types, students were

permitted three attempts so that their skill level was more accurately captured by the

proportion correct score. However, no significant difference between the conditions was

found for those problem types. What is more, the effect of the comparison items disap-

peared when students solved proportional reasoning problems outside the GBLE. In this

case, students who played with the extrinsically integrated version performed better.

If these findings are linked to students’ results at the level of learning gain scores,

several explanations arise. First, integrating the learning content into the game mechanics

proved a complex and difficult process, despite the ensured flow-experience, for our

particular target group—i.e., VSE students with a significant number of at-risk youths (ter

Vrugte et al. 2015). Students who play with this kind of GBLE experience more difficulties

in learning the content because they simultaneously have to cope with two competing

demands: the educational game and the gameplay elements (Shaffer 2004). This distracts

their attention from the learning content. The proportional reasoning items were presented

separately from the gameplay elements to students in the extrinsically integrated condition.

They, in contrast, did not have to cope with both demands simultaneously: either they

solved the exercises or they played the game. These VSE students consequently devoted

more attention to the learning contents, were probably more stimulated to find the correct

answer and completed more attempts to solve the items correctly. This particularity of the

target group might also explain why the findings from this study deviate from findings in
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other previous conducted studies. As for instance the results of the study of Clark et al.

(2011) was conducted with students from 7th to 9th grade science classes, these students

might not struggle with the simultaneously asked demands occurring while playing an

intrinsically integrated game. Also the study of Habgood and Ainsworth (2011) implied a

different target group, being 7–8 year primary school students, and hence representing a

more heterogeneous and less at-risk group of students than the VSE students used in the

current study. The fact that the participants in the study of Habgood and Ainsworth (2011)

had high prior computer experiences as they are members of an after-school computer club,

they might have higher acquaintance with computer games, which might have a less

detrimental impact on the higher demands an intrinsically integrated game poses to the

players and hence not disturb the game-flow, while this is the case for VSE students.

A second possible explanation is the similarity between the exercise formats in the

extrinsically integrated GBLE and the pre-and post-test. This similarity was higher in the

extrinsically integrated condition. This might explain why students in the intrinsically

integrated condition experienced more difficulties in transferring their mathematical

knowledge from one context (the game) to the next (the paper-and-pencil test) (Habgood

and Ainsworth 2011). The intrinsically integrated GBLE does not appear to help VSE

students make the leap from tacit understanding during gameplay to more formalized

knowledge in the classroom (Clark et al. 2011) while the extrinsically integrated GBLE

does. The specific characteristics of the target group (i.e., their below average cognitive

capability and potential which hinders the less evident transfer of learning content) seems

of influence in explaining the different findings in comparison with previous studies (i.e.,

Clark et al. 2011). However, also the way the intrinsically integrated version of the game

was designed might be an explanation for this. In intrinsically integrated versions of a

game, the mathematical content is delivered through the parts of the game that are the most

fun to play and embodied within the structure of the gaming world and the players’

interactions with it. However, it might be that the characteristics of the GBLE used in this

study (i.e., 2D-cartoon like game) make the intrinsic integration of the learning content less

intense than for instance is the case in more sophisticated GBLEs (e.g., a 3D-adventure

game as ‘Zombie division in Habgood and Ainsworth 2011). This difference in degree of

intrinsic integration, due to the difference in the parts of the game that embody the

structure of the gaming world, might explain the difference in findings across studies.

Hence further investigation whether this difference in degree in intrinsic integration seems

necessary.

Third, playing in the extrinsically integrated condition seems to be more intrinsically

motivating for VSE students. The difficulties students experienced in the intrinsically

integrated condition (see above) frustrated them to such a degree that it reduced their

motivation. Inherent to the design of the extrinsically integrated condition, students in this

condition received a reward each time a particular learning content was tackled: they were

given the opportunity to play a subgame in which no learning content was integrated (and

hence some leisure time activity). This extrinsic reward may have stimulated students’

intrinsic motivation (Hoffmann et al. 2009). For this specific target group, providing

variation in educational games in the form of learning content that is alternated with

playtime opportunities (without learning content) seems to improve learning gains for

proportional reasoning items and also seems to be more motivating in terms of perceived

enjoyment.

Related to the influence of students’ perception, the extrinsically integrated condition

moreover proved to have a higher perceived usefulness than the intrinsically integrated

condition. This shows that students are indeed active actors in learning environments

1362 S. Vandercruysse et al.

123



(Lowyck et al. 2004). Nevertheless, no evidence was found in this study that supported the

hypothesis that perception of instructional methods (i.e., the pre-perceived usefulness of

the GBLE) affects students’ proportional reasoning ability, game performance and moti-

vation. These findings are in contrast to statements indicating that ‘‘learners are active

actors in learning environments and not mere consumers of instructional designers’

products’’ (Lowyck et al. 2004, p. 429). Reformulated, we found no evidence for the

assumption that way in which students perceive instructional interventions triggers their

engagement in learning and their learning results (Elen and Lowyck 2000; Entwistle 1991;

Lowyck et al. 2004; Salomon 1984; Shuell and Farber 2001).

Some other issues in this study require further explanation. Firstly, the participants and

more specifically the composition of the conditions, resulted in two problems: (1) the

number of participants, and (2) the composition of the condition based on the complete

groups of students. First, the number of participants was rather low. Although 64 students

were recruited for this study, only 58 complete data sets were obtained. This may make it

difficult to generalize the findings of this study. Secondly, the composition of the condi-

tions is likely to have produced other generalization caveats. The conditions were com-

posed based on complete groups rather than separate individuals. This was a conscious

choice and it was made based on several reasons. Because the experiment was scheduled

during regular PGS lessons, which did not take place during the same time periods for the

different groups, and because it lasted four course hours for each class, it was impossible to

place students from different groups together to form one condition, or to make a com-

bination of individual students over groups in one condition. Because of the study design

and specificity of both conditions (e.g., students’ individual computer screens were visible

to their neighbors so that the different integrations of the learning content in the GBLE

might have distracted students), offering both conditions to one group would have been an

ill-advised move. In order to guarantee the equality of procedure between the

classes/conditions, the researcher took on the responsibility of guiding the experiments and

giving students in different groups the same instructions. Nonetheless, the groups still

could differ from each other as a consequence of the groups’ different specificity in VSE.

First of all, the classes were gender-specific (partly due to specific study orientations, see

below), which resulted in an over-representation of either boys (e.g., woodworking,

mechanics) or girls (e.g., hairdressing courses, care). For this study, almost half the

intrinsic condition group was comprised of ‘‘woodworking’’ boys, while over a third of the

extrinsic group consisted of ‘‘cookery’’ girls. We have previously argued that girls have

less initial computer and game knowledge, which may result in greater difficulty in using a

game application (Vandercruysse et al. 2012). However, the extrinsic integration condition

outperformed the intrinsic integration condition for the total game score. This score

assessed students’ math ability together with their gaming skills. This might indicate that

the influence of gender on GBL processes may not be as great as has previously been

assumed. What is more, there seems to be no consistent gender effect on learning from

games (Ke 2009) and gender does not seem to influence the effects of games on motivation

and learning (Huizenga et al. 2010). Aside from any gender differences, the groups’

performance may also have been influenced by the different study orientations. In order to

examine whether there was a significant difference between the groups for the dependent

variables used in the analyses, additional multi-level analyses were conducted. Not one

multi-level analysis showed a significant difference between the groups for the measured

variables before they participated in the study. The differences between the groups were

therefore disregarded in the analyses. Even though the different groups started the treat-

ment with comparable scores, this did not mean that they experienced and interacted with
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the two versions of the GBLE in the same way. Taken together, this may point to gen-

eralization problems for VSE in general and can be seen a limitation of the study. Future

research should hence focus on (1) the possible differences between study orientations in

VSE. This could be done by investigating whether the findings are stable for all study

orientations within VSE, or exploring whether a particular type of VSE student gains more

from intrinsically integrated games than extrinsically integrated games. Furthermore,

generalizability to (2) other types of education may be limited since ter Vrugte et al. (2015)

have demonstrated that VSE students differ from other target groups for the effect of

instructional support in GBLEs. Instructional support that has been proved to be successful

does not guarantee success for this target group. Further extending this reasoning, this may

also be true for content integration. Extrinsic content integration was found to be effective

for VSE students. However, whether this can be generalized to other target groups remains

to be studied. These specific differences between different target groups should be

investigated, more specifically whether students from other education levels react similarly

on the same interventions or not. This would enable us to pinpoint the decisive aspects of a

target group for the effect of GBL and whether it is students’ prior knowledge, their

motivation, their previous gaming or school experiences, etc. that influences the GBL

outcomes.

Furthermore, a number of other limitations remain. For instance, the provided learning

time was relatively short to attain deep learning since the mean playtime was 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, however, might have provided more

information about the quality of the acquired knowledge after the students’ played an

intrinsically or extrinsically integrated mathematical game (i.e., long-term effects). In

addition, the study design did not include a control condition, i.e., a group of learners who

were not engaged in game-based learning, which prevents the conclusion that the two

interventions were the primary or only cause for students’ improved performance and

motivation. However, the inclusion of such a condition was not necessary to answer the

research questions and, what is more, the inclusion of a control condition would also imply

several difficulties (e.g., the media-debat becomes prominent) and rise some questions

(e.g., ‘How does the ideal control condition look like?’). Therefore no control condition

was included in the study. In addition, subsequent studies should implement a short

debriefing phase after gameplay. During this debriefing, students and teachers might

interact with each other and students would be able to share their game experiences,

discuss problems they encountered during game-play and reflect on their performance. As

encouraged by Felicia (2011), Watson et al. (2011) and Charsky and Mims (2008), such a

debriefing phase helps students understand their mistakes and stimulates reflection, which

heightens the potential for transfer.

This study investigated the impact of one instructional element of a GBLE, i.e., the

learning content, and more specific whether the way this element is integrated, matters.

Obviously, further research is warranted in order to replicate the findings of this study.

First, the replication of these finding with other target groups can researched (see above).

Second, the different degrees of intrinsic integration (and its impact on students learning

processes; see above) can be investigated. Furthermore, it should be investigated whether

the way the learning content is integrated is for instance dependent on the learning content.

It might be the case that several learning domains might profit from intrinsically integrated

GBLEs while other domains do not and are better presented in extrinsically integrated

GBLEs. Another suggestion for follow-up research is the investigation of the impact of
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content integration on the context in which the GBLE is used. Additional research is also

needed to investigate the effect of distinct game characteristics (i.e., the content integration

in this study) on students’ motivation, performance and perception since this type of

research might support the development of effective educational games. When conducting

such research, we should however also be aware of the fact that—although isolating one

specific element in order to investigate its impact on students’ performance, motivation and

perception—changing one element in a larger GBLE, always affects the GBLE design as a

whole because of having an impact on the way the remaining elements are related to each

other or interact with each other (Salomon 1990). This makes the call for replication

studies even bigger in order to gain insight in the potential impact of GBLE.

In sum, the results of this study indicate that VSE students benefit from playing with an

extrinsically integrated GBLE. When the learning content is explicitly and separately

presented in a GBLE, students in this target group seem to obtain higher learning and

motivational gains, compared to a GBLE in which the learning content is integrated in the

game story and game mechanics. These findings are surprising and contrast with the results

that would be expected based on previous literature.
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Vergnaud, G. (1983). Multiplicative structures. In R. Lesh & M. Landau (Eds.), Acquisition of mathematics
concepts and processes (pp. 127–174). Orlando, FL: Academic Press.

Vlaamse Overheid. (2009). Peiling wiskunde in de eerste graad secundair onderwijs (B-stroom) [Mathe-
matical survey in the first and second year of secondary education]. Brussel: Vlaams Ministerie van
Onderwijs en Vorming.

Vogel, J. J., Greenwood-Ericksen, A., Cannon-Bowers, J., & Bowers, C. A. (2006). Using virtual reality
with and without gaming attributes for academic achievement. Journal of Research on Technology in
Education, 39, 105–119. doi:10.1080/15391523.2006.10782475.

Warren, S. J., Stein, R. A., Dondlinger, M. J., & Barab, S. A. (2009). A look inside a MUVE design process:
Blending instructional design and game principles to target writing skills. Educational Computing
Research, 40, 295–321.

Content integration as a factor in math-game effectiveness 1367

123

http://dx.doi.org/10.1111/j.1467-6494.1985.tb00375.x
http://dx.doi.org/10.1177/1046878192233001
http://dx.doi.org/10.1177/1046878192233001
http://dx.doi.org/10.1006/ceps.1999.1020
http://dx.doi.org/10.1037/0022-0663.76.4.647
http://www.stat.cmu.edu/%7ehseltman/309/Book/Book.pdf
http://www.stat.cmu.edu/%7ehseltman/309/Book/Book.pdf
http://dx.doi.org/10.2190/YWPN-H3DP-15LQ-QNK8
http://dx.doi.org/10.1111/j.1744-6570.2011.01190.x
http://dx.doi.org/10.1007/s10984-008-9041-8
http://dx.doi.org/10.1111/jcal.12104
http://dx.doi.org/10.1007/BF02400937
http://dx.doi.org/10.1080/15391523.2006.10782475


Watson, W. R., Mong, C. J., & Harris, C. A. (2011). A case study of the in-class use of a video game for
teaching high school history. Computers & Education, 56, 466–474. doi:10.1016/j.compedu.2010.09.
007.

Winne, P. H. (1982). Minimizing the black box problem to enhance the validity of theories about
instructional effects. Instructional Science, 11, 13–28. doi:10.1007/BF00120978.

Winne, P. H. (1987). Why process-product research cannot explain process-product finding and a proposed
remedy: The cognitive mediational paradigm. Teaching and Teacher Education, 3, 333–356. doi:10.
1016/0742-051X(87)90025-.

Sylke Vandercruysse (PhD, 2015) works at the Center for Instructional Psychology and Technology (KU
Leuven). Her research is on game-based learning and the interaction with learner-related variables.

Judith ter Vrugte (PhD, 2016) works at the University of Twente in the Department of Instructional
Technology (Faculty of Behavioural and Management Sciences). Her research focusses on serious games
and the identification of variables that can foster game-based learning.

Ton de Jong is full professor of Instructional Technology at the University of Twente, Faculty of
Behavioral Sciences where he acts as department head of the department Instructional Technology.

Pieter Wouters holds a PhD (2007) in Instructional Design (How to optimize cognitive load for learning
from animated models). His current research focuses on cognitive and motivational processes in learning
with serious games.

Herre van Oostendorp is associated professor Human Media Interaction, at Utrecht University,
Department of Information and Computing Sciences (Interaction Technology group). His research activities
are on the areas of cognitive modeling of web-navigation and knowledge acquisition, and cognitive learning
with serious games.

Lieven Verschaffel is full professor at the KU Leuven. He works at the Centre for Instructional Psychology
and Technology and his research interest pertain to teaching and learning of (elementary) mathematics.

Jan Elen is full professor at the KU Leuven. He works at the Centre for Instructional Psychology and
Technology and his research interests pertain to instructional design in higher education and especially the
use of instructional interventions by students.

1368 S. Vandercruysse et al.

123

http://dx.doi.org/10.1016/j.compedu.2010.09.007
http://dx.doi.org/10.1016/j.compedu.2010.09.007
http://dx.doi.org/10.1007/BF00120978
http://dx.doi.org/10.1016/0742-051X(87)90025-
http://dx.doi.org/10.1016/0742-051X(87)90025-

	Content integration as a factor in math-game effectiveness
	Abstract
	Introduction
	Content integration
	Students’ perception: mediating the influence of instructions
	Purposes of this study

	Methods
	Participants
	Design
	Materials
	GBLE: Zeldenrust

	Measurements
	Basic arithmetic skills
	Proportional reasoning
	Game performance
	Motivation
	Game perception

	Procedure

	Results
	Initial differences
	Effect of content integration on students’ proportional reasoning and game performance
	Effect of content integration on students’ motivation
	Effect of content integration on students’ game perception
	Interaction effect of condition and perception on students’ (mathematical and game) performance and motivation

	Discussion
	Acknowledgements
	References




