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Although many studies have investigated the effects of digital game-based learning (DGBL) on learning
and motivation, its benefits have never been systematically demonstrated. In our first experiment, we
sought to identify the conditions under which DGBL is most effective, by analyzing the effects of two
different types of instructions (learning instruction vs. entertainment instruction). Results showed that
the learning instruction elicited deeper learning than the entertainment one, without impacting nega-
tively on motivation. In our second experiment, we showed that if learners are given regular feedback
about their performance, the entertainment instruction results in deep learning. These two experiments
demonstrate that a serious game environment can promote learning and motivation, providing it in-
cludes features that prompt learners to actively process the educational content.

� 2013 Elsevier Ltd. All rights reserved.
1. Introduction

Digital learning games have become a medium of reference in the education field over the past few years. Their popularity can
chiefly be explained by the huge amount of leisure time that children and adolescents spend playing video games (Papastergiou,
2009a). However, the use of games to teach educational content inevitably raises the question of their compatibility with deep
learning (Graesser, Chipman, Leeming, & Biedenbach, 2009). This has prompted many researchers to investigate the actual benefits of
digital games, in terms of learning and motivation (Connolly, Boyle, MacArthur, Hainey, & Boyle, 2012; Gee, 2005; Prensky, 2001;
Shaffer, 2006).
1.1. Digital game-based learning

Until very recently, studies of e-learning environments tended to focus on how to optimize the processing of information con-
tained in multimedia or hypermedia documents (Clark & Mayer, 2008; Mayer, 2005). Now, however, researchers are starting to turn
their attention to the effects on learning of a new medium: digital games. Digital game-based learning (DGBL) is a competitive
activity in which students are set educational goals intended to promote knowledge acquisition. The games may either be designed to
promote learning or the development of cognitive skills, or else take the form of simulations allowing learners to practice their skills
in a virtual environment. Several authors have come up with definitions of DGBL. For Mayer and Johnson (2010), for instance, a DGBL
environment should feature (1) a set of rules and constraints, (2) a set of dynamic responses to the learners’ actions, (3) appropriate
challenges enabling learners to experience a feeling of self-efficacy, and (4) gradual, learning outcome-oriented increases in difficulty.
As Mayer and Johnson (2010) acknowledge, this is a very broad-brush definition, as it can apply just as easily to digital games as it
can to traditional ones, such as chess. We gain a clearer idea of what DGBL is all about from the research conducted by Prensky
(2001). For this author, one of the medium’s key characteristics is the “coming together” of serious learning and interactive enter-
tainment. In other words, digital learning games can be regarded as an entertainment medium designed to bring about cognitive
changes in its players.
.
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1.2. Motivational benefits of DGBL

The benefits of DGBL, in terms of motivation and engagement, are often attributed to its entertainment aspect (Annetta, Minogue,
Holmes, & Cheng, 2009; Hays, 2005; Lee & Peng, 2006; Lieberman, 2006; Moreno & Mayer, 2007; Rieber, 2005; Tobias & Fletcher, 2007;
Tobias & Fletcher, 2008). According to Moos and Marroquin (2010), motivation corresponds to the set of physiological processes that in-
fluence the direction, vigor and persistence of behaviors. In their reviews of the literature onmotivation in an academic context, Murphy and
Alexander (2000), and subsequently Moos and Marroquin (2010), underscored the need to take several motivation constructs into account,
in order to understand the complex mechanisms involved in learning more fully. To this end, Moos and Marroquin (2010) analyzed several
studies of motivation, allowing them to identify the following construct categories: goal orientation, intrinsic-extrinsic motivation, interest,
and self-efficacy. Taking learners’ goals into account can help us understand the reasons behind their engagement in DGBL. The literature on
goal orientation makes a distinction between mastery goals and performance goals (Ames & Archer, 1988; Pintrich, 2000). Mastery goals
refer to the desire to develop skills or to master new knowledge or new sets of abilities (e.g., improving one’s knowledge about a particular
topic). Performances goals, on the other hand, refer to the desire to demonstrate one’s ability to succeed, particularly by surpassing others
while expending as little effort as possible (e.g., achieving the highest score in a game). This can be a particularly useful distinction in the
case of digital games, as their entertaining and educational dimensions can prompt learners to focus either on performance goals (i.e.,
achieving the highest score) or on mastery goals (i.e., mastering knowledge).

A recent study reported a positive relationship between the level of intrinsic motivation and learning scores in a digital learning game
(Liu, Horton, Olmanson, & Toprac, 2011). Intrinsic motivation refers to the inner desire to engage in a task out of interest or amusement, or
even because of the challenge it offers (Deci & Ryan, 2000; Martens, Gulikers, & Bastiaens, 2004). Other studies of DGBL have looked at the
relevance of flow theory (see Hays, 2005; Lieberman, 2006, for reviews). For Csikszentmihalyi (1988), the flow is the immediate subjective
experience that occurs when an individual engages in an activity. This engagement, which can be likened to intrinsic motivation (Eccles &
Wigfield, 2002), stems from a symbiotic relationship between the challenges faced by the individual and the skills needed to meet those
challenges (Shernoff, Csikszentmihalyi, Schneider, & Shernoff, 2003).

1.3. Benefits of digital learning games compared with conventional media (media comparison approach)

Many researchers agree that digital learning games have everything it takes to become an effective learning medium (Connolly et al.,
2012; Moreno & Mayer, 2007; Prensky, 2001; Rieber, 2005). Over the past few years, a number of studies have sought to pin down the
benefits of thismedium comparedwithmore conventional ones (Hays, 2005; Kebritchi, Hirumi, & Bai, 2010; Lieberman, 2006; Papastergiou,
2009a; Randel, Morris, Wetzel, & Whitehill, 1992; Tobias & Fletcher, 2007). Although results indicate that digital learning games are of
debatable educational worth, the vast majority of researchers now acknowledge their benefits in terms of motivation and engagement. In a
literature review of 68 studies, Randel et al. (1992) noted that just 22 studies comparing digital games with conventional classroom in-
struction concluded that games/simulations had a beneficial effect on learning performance. Nonetheless, the authors found that 12 of the
14 studies looking at motivation concluded that DGBL is more beneficial than traditional classroom learning. These findings, subsequently
corroborated by a review of the literature undertaken by Hays (2005), were extended by Vogel et al. (2006), who demonstrated the learning
benefits of digital games. In a meta-analysis of 32 studies, these authors found that educational games and interactive simulations had a
positive effect on learning quality, compared with more traditional forms of teaching. Furthermore, learners displayed more positive at-
titudes toward learning methods based on educational games/simulations, than toward more conventional ones. More recently, however,
an analysis by Kebritchi et al. (2010) has raised fresh doubts about the benefits of DGBL. Their analysis of 16 studies measuring the learning
effectiveness of educational games and simulations revealed that only nine studies pointed to an improvement in learning quality compared
with conventional lessons. Moreover, unlike previous reviews, it found that DGBL had only a weak motivational benefit. Just four of the 16
studies concluded that this medium increases motivational investment. A great many overviews have also expressed reservations about the
use of DGBL (Connolly et al., 2012; Girard, Ecalle, & Magnan, 2013; Gredler, 2004; Lee & Peng, 2006; Lieberman, 2006; Papastergiou, 2009b;
Rieber, 2005; Tobias & Fletcher, 2008).

The current state of the art does not allow us to conclude that educational games and simulations have a positive effect on learning and
motivation. The results of studies comparing serious game environments (SGEs) with conventional media are still highly contradictory.
Some authors believe that these contradictions stem from that fact that the effects of SGEs can be modulated by a range of different factors,
including individual learner characteristics (Vogel et al., 2006), the learning situation (Ke, 2009; Vogel et al., 2006), and the topics being
tackled (Hays, 2005; Ke, 2009; Ke & Grabowsky, 2007; Randel et al., 1992). For Clark (2001), Hays (2005), and Mayer and Johnson (2010),
however, the contradictory results yielded bymedia comparison studies can chiefly be ascribed to the choice of methodology. Many authors
have adopted amedia comparison approach, measuring the learning outcomes of peoplewho play an educational game against the learning
outcomes of people who learn through conventional media. This methodology is vulnerable to many confounding factors (e.g., format, pace,
educational content, teacher’s social presence), which prevent us from clearly identifying the factors responsible for the benefits of DGBL. To
avoid these methodological limitations, we favored another approach in our two experiments, namely the value-added approach (see
Adams, Mayer, MacNamara, Koenig, & Wainess, 2012, for a recent example of this approach), which involves comparing the learning
outcomes of learners receiving different versions of the same educational game.

1.4. Using instructions to improve the learning effectiveness of digital games

According to Graesser et al. (2009), DGBL imposes considerable constraints that “make it extremely difficult to integrate deep content,
strategies, and skills” (p.12). Even so, many researchers still maintain that thismedium can allowgood-quality learning. To prove their point,
they generally apply a value-added approach to DGBL (see Adams et al., 2012, for a recent example of this approach), which consists in testing
the effects on learning quality of adding features to an educational game. Although some authors have already adopted this perspective to
examine the potential benefits of personalization (Moreno & Mayer, 2000; Moreno & Mayer, 2004), competition (DeLeeuw & Mayer, 2011),
and self-explanation (Johnson & Mayer, 2010), to our knowledge, no one has so far subjected the games’ instructions to scientific scrutiny,
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even though they are a fundamental feature of DGBL (see Wouters & van Oostendorp, 2013 for a review of studies using a value-added
approach). Digital learning games differ from classic learning modules in the nature of the instructions given to learners. These instructions
may direct students toward educational goals, but they may also encourage them to pursue more playful ones (Connolly et al., 2012).

The effects of instruction type on the cognitive processes engaged in text reading have been the subject of extensive research (e.g., Di Vesta
& Di Cintio, 1997; Schraw, Wade, & Kardash, 1993). For Mc Crudden, Schraw, and Hartley (2006), appropriate instructions can help learners to
target the relevant information when they are learning a text. For example, the goal-focusing model of relevance developed by Mc Crudden,
Magliano, and Schraw (2010) is based on the hypothesis that document processing is influenced by the instructions that are given to
learners, as well as by the learners’ own intentions. Both these factors influence reading goals, which play a decisive role in cognitive text
processing. In their model, these authors distinguish between specific and general types of instructions. Specific instructions prompt learners
to identify target items of information or establish inferential links between particular items in the document and their prior knowledge (Mc
Crudden, Schraw, & Kambe, 2005; Mc Crudden et al., 2010). Although there has been a fair amount of research on specific instructions, studies
of general instructions are relatively few and far between. General instructions encourage learners to read a document from a particular
perspective or to pursue particular goals while learning that document. Schraw and Dennison (1994) were among the first to research this
issue. They noticed that when general instructions were provided during the reading phase, learners recalled the text’s relevant segments
better and found themmore interesting. Other studies have also explored instructions that encourage learners to pursue certain goals during
learning (e.g., Lehman & Schraw, 2002; Mc Crudden et al., 2006; Narvaez, van den Broek, & Ruiz, 1999; Peshkam, Mensink, Putnam, & Rapp,
2011). For example, van den Broek, Lorch, Linderholm, and Gustafson (2001) asked individuals to read texts adapted from sciencemagazines in
either a study condition (instructing them to read the texts as though they were preparing for an essay exam) or an entertainment condition
(instructing them to imagine they were browsing through a magazine). The data, collected via a think aloud protocol, showed that the in-
structions significantly affected the cognitive processing of the documents. The learners with a study purpose provided significantly more
associative and predictive inferences, and significantly more paraphrases, than the learners who read for entertainment. They also had
significantly higher recall scores. By contrast, the learners in the entertainment condition produced significantly more opinions about the text
and associations with personal experiences than those in the study condition. This experiment therefore demonstrated that the instructions
provided at the start of learning can have a considerable impact on the processing strategies implemented by learners.

Depending on their nature, instructions can therefore play a key role during the cognitive processing of educational content. Regarding
DGBL, it is not uncommon for learners to be instructed to use the environment in a playful way, with no explicit mention of the educational
goals (Connolly et al., 2012), thus presumably placing them in an incidental learning situation. In the literature, the incidental learning
paradigm (i.e., no explicit learning instruction) is often used to highlight different levels-or depths-of cognitive processing. For example,
Beentjes, Vooijs, and Van der Voort (1993) found that an incidental learning situation elicited shallower cognitive processing of an
educational document by children than an intentional learning situation. A similar set of results was reported for a task in which the
memorization of an itinerary was either incidental or nonincidental (van Asselen, Fritschy, & Postma, 2006). In their study, Kester, Kirschner,
and Corbalan (2007) referred to this poorer quality cognitive processing as surface learning, corresponding to “the tacit acceptance of in-
formation and memorization as isolated and unlinked facts”. These authors contrasted surface learning with deep learning, which involves
“the critical analysis of new ideas, linking them to already known concepts and principles, and leads to understanding and long-term
retention of concepts so that they can be used for problem solving in unfamiliar contexts”. In Mayer (2005)’s research on the cognitive
theory of multimedia learning, we come across these same two notions, referred to as rote learning (i.e., surface learning) and meaningful
learning (i.e., deep learning). For Mayer, the latter relies on the implementation of three central cognitive processes, namely information
selection, organization and integration into amental model. These central processes are actively implemented by the learner in the course of
learning. The notion of deep learning also features in Sweller (1999)’s theory of cognitive load. For this author (Sweller, 1999, 2005), the
effort engaged by learners in information processing is a key component of learning performance (germane cognitive load). Whichever
interpretive framework we choose to apply, the message is that learners who do not actively invest in information processing are liable to
engage in merely surface learning and achieve only modest learning performances. This is an all too likely scenario in an incidental learning
context involving DGBL, where the instructions given to learners encourage them to play rather than to learn. In other words, when the
emphasis is placed on the playful components of a digital learning game, learners may fail to put in the effort required for learning.

2. Experiment 1

Many studies of DGBL have contented themselves with comparing the benefits of educational games with those of conventional learning
media. This is, however, a rather questionable approach, given that the effects observed may just as easily be linked to other, noncontrolled
variables present in the learning situation as to the game itself (Clark, 2001; Hays, 2005; Mayer & Johnson; 2010). For the present exper-
iment, we therefore adopted what we believe is a more rigorous approach, namely the value-added perspective (Adams et al., 2012). This
meant that the only variation would be in the nature of the instructions given for a digital learning game called ASTRA (Appréhender par la
Simulation les TRoubles liés à l’Age).

The aim of this studywas thus to ascertainwhether the effects of instructions given during the reading phase that have been observed for
text-based learning would also manifest themselves during DGBL. We administered a digital learning game in either a learning condition,
where participants were asked to learn with ASTRA, or an entertainment condition, where they were asked to play with ASTRA.

Concerning learning and intrinsic motivation, this study was designed to test two contrasting assumptions. First, if the nature of the
instructions influences learners’ motivational investment, then an entertainment instruction would improve our participants’ subjective
experience (e.g., Vogel et al., 2006), reflected in significantly higher intrinsic motivation scores. Furthermore, in accordance with previous
research on the positive effects of motivation on learning in DGBL (Lieberman, 2006), the participants in the entertainment instruction
condition would achieve a higher learning outcome.

By contrast, if the nature of instruction affects the relevance of the processes that are implemented during an activity, then compared
with the entertainment instruction, the learning instruction would result in significantly higher scores on the different learning assess-
ments, especially on inference-type questions assessing the quality of deep learning. Furthermore, the entertainment instruction would
hinder the learners’ subjective experience, reflected in significantly lower intrinsic motivation scores.
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Concerning achievement goals, we predicted that the learning instruction would prompt the learners to pursue mastery goals by
developing their skills, while the entertainment instructionwould encourage them to flaunt their ability to successfully perform the game in
order to achieve performance-approach goals. Similarly, we predicted that the entertainment instruction would encourage them to pursue
the perfomance–avoidance goals by promoting their fear of failing and performing more badly than the others (Elliot & McGregor, 2001).

2.1. Methods

2.1.1. Participants
A total of 46 participants (22 men and 24 women) aged 18–26 years (M ¼ 20.67, SD ¼ 1.92) took part in this study. They were recruited

from a pool of students from several universities in Rennes. Students enrolled in medical or allied health programs were excluded. They
were all undergraduates and had been at university for 2.27 years on average (SD ¼ 1.30).

The learning instruction group was made up of nine men and 15 women, who had a mean age of 20.75 years and were mainly in their
third year of university. The entertainment instruction group was made up of nine men and 15 women with a mean age of 20.75 years.

2.1.2. Material
The participants interacted with the ASTRAmultimedia learning environment for approximately 25–30 min. This environment takes the

form of a simulated living roomwhere a female pedagogical agent stands next to a TV screen. The agent’s role is to provide the participants
with oral information, giving them instructions at the start of the simulation, commenting on the sequences displayed on the TV screen,
probing the learners’ reactions to certain symptoms, and testing the learners in quizzes. The ASTRA simulation introduces learners to four
aging-associated diseases: Alzheimer’s disease, Parkinson’s disease, myocardial infarction and stroke. Each presentation comes in five parts:
(1) an introduction featuring an instruction; (2) a multimedia presentation inwhich a character displays a set of symptoms (see Fig. 1); (3) a
transitional question asking learners about the right way to react to these symptoms; (4) a sequence describing the disease in detail; and (5)
a quiz with four questions assessing the participants’ recall. In the quizzes, participants were given to understand that their answers could
earn them points, but they were not given any immediate information as to whether they had answered correctly.

In this first experiment, we manipulated the Instruction independent variable. This variable allowed us to create two conditions: (1) a
learning condition, in which the instructions stressed ASTRA’s educational dimension, presenting it as a learning module; and (2) an
entertainment condition, in which the instructions stressed ASTRA’s playful dimension, presenting it as a game (see Fig. 2). The sequences
describing the symptoms, the pedagogical agent, the oral commentaries, the illustrations and the questions used in the quizzes were exactly
the same in both experimental conditions.

2.1.3. Procedure
The experiment was administered in a room divided into six booths, each containing a computer. Prior to the session, participants were

randomly allocated to one of the two experimental conditions.
In the first of five experimental phases (pre-test), the participants filled out a questionnaire about their prior knowledge. This ques-

tionnaire contained six questions about medical notions. These questions did not deal with the aging-associated diseases addressed in the
learning session. We made sure that they would not help the learners answer the quizzes or the knowledge questionnaire. This ques-
tionnaire, together with all the experimental material, was designed in collaboration with a physician.

Participants who scored more than 3 out of 6 were deemed to possess too much prior knowledge for our study and were therefore
excluded from our analyses.

In the second phase, participants put on a pair of headphones to follow the ASTRA simulation. The order in which the diseases were
presented and the instruction conditions were counterbalanced across participants. The experiment beganwith the participants reading the
instructions. At no point in this second phase were participants told that their knowledge and motivation would be assessed after they had
used the ASTRA environment. Once they had read through the instructions, the participants watched the presentation of one of the four
diseases: Alzheimer’s disease, Parkinson’s disease, myocardial infarction or stroke. This presentation comprised a short scene in which an
Fig. 1. Sequence in which a character displays a set of symptoms.



Fig. 2. The learning and entertainment instructions.
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elderly person displayed a set of symptoms, a transitional question asking about the right attitude to adopt toward the elderly person’s
problems, a sequence providing explanations about the disease in question and, lastly, a computerized quiz consisting of four questions
assessing information recall (e.g., “Which of these neurological disorders is a feature of Alzheimer’s disease?”). Responses to these questions
were scored 0 or 1. This quiz did not provide any feedback about the right answers. The same procedure was repeated for the other three
diseases.

The third phase began as soon as participants had completed the quiz about the last of the four diseases. At the end of their ASTRA
session, participants were asked to fill out a series of questionnaires. The first of these assessed their motivation. Inspired by Elliot and
McGregor’s (2001) research on learning goals, and Shernoff et al.’s (2003) on intrinsic motivation, this questionnaire comprised 15 items
probing two different dimensions. Twelve learning goal items (3 mastery goal approach items, 3 mastery goal avoidance items, 3 perfor-
mance goal approach items, 3 performance goal avoidance items) assessed the reasons why the participants engaged in learning, while
three intrinsic motivation items measured the extent of their desire to engage in the task for its own sake. Participants had to express their
level of agreement with each item on 7-point Likert-like scales (Table 1).

After they had completed this questionnaire, the learners were asked to fill one out about their knowledge. This questionnaire contained
four paraphrase-type questions gauging memorization (e.g., “When a clot blocks a cerebral artery, what type of stroke is it?”) and four
inference-type questions assessing comprehension (e.g., “Why is the administration of anticoagulants recommended for people who have
had an ischemic stroke and not recommended in the case of hemorrhagic stroke?”). Unlike the paraphrase-type questions, these inferential
questions were characterized by the fact that the explicit responses to themwere not to be found in ASTRA. Responses to each of the eight
questions were scored 0, 0.5,1 or 2 points. The scoring grid, constructed before the session, indicated the correct score to be assigned to each
response, according to its degree of accuracy. The maximum possible total score for each set of four questions was eight.

2.2. Results

2.2.1. Pre-test
Participants could score up to 6 points on the prior knowledge test. One participant was excluded from the sample because he scored

more than 3 points. Levene’s test of homogeneity of variances showed that the prior knowledge score variances were equal, F(1, 41) ¼ 2.23,
p ¼ .14. Mean scores on this pre-test were 0.88 (SD ¼ 1.03) for the learning instruction group and 0.87 (SD ¼ 0.88) for the entertainment
Table 1
Description of the different components of motivation assessed in our study.

Construct What is being assessed? Example of items

Performance goal: Approach Desire to demonstrate one’s ability to succeed, particularly
by surpassing the others

In ASTRA, it was important for me to do better than
the other people

Performance goal: Avoidance Fear of failing, of exposing one’s incompetence to other people I simply wanted to avoid failing in ASTRA
Mastery goal: Approach Desire to develop skills, or master new knowledge or a set of

new abilities
It was important for me to understand ASTRA’s content
as thoroughly as possible

Mastery goal: Avoidance Desire not to forget or to fail to retain anything from a lesson,
fear of not acquiring skills

I was sometimes anxious about not being able to learn
everything there is in ASTRA

Intrinsic motivation Inner desire to engage in a task out of interest or amusement,
or because of the challenge it poses

I think ASTRA is interesting
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instruction group. An ANOVA performed on these scores failed to reveal any significant difference between the two experimental groups
(F < 1).

2.2.2. Recall quiz scores
Levene’s test showed that the quiz score variances were equal (F> 1). The difference between the scores of the entertainment instruction

group (M ¼ 12, SD ¼ 1.90) and the learning instruction group (M ¼ 12.67, SD ¼ 1.68) was not significant, F (1, 41) ¼ 1.58,MSE ¼ 5.10, p ¼ .21.

2.2.3. Knowledge questionnaire scores
Table 2 shows the mean scores and standard deviations for the learning instruction and entertainment instruction groups on the

paraphrase-type questions and inference-type questions. Levene’s test was significant for scores on the paraphrase-type questions, so equal
variances were not assumed, F(1, 44) ¼ 13.52, p ¼ .001, and we used the nonparametric Mann–Whitney test to analyze the data. There was
no such problem with the inference scores (F < 1).

Contrary to our expectations, type of instruction had no significant effect on responses to the paraphrase-type questions, U(46) ¼ 248,
p ¼ .71. We did, however, find a significant effect of instruction on the inferential questions. In line with our hypothesis, the ANOVA showed
that the participants in the learning instruction condition (M ¼ 4.23, SD ¼ 2.19) performed significantly better than those in the enter-
tainment instruction condition (M ¼ 2.93, SD ¼ 1.89), F(1, 44) ¼ 4.49, MSE ¼ 4.21, p < .05.

2.2.4. Motivation questionnaire ratings
2.2.4.1. Learning goals. We began by running Levene’s test, which showed that performance goal avoidance rating variances were equal
(F < 1), as were those for the performance goal approach (F < 1) and mastery goal avoidance ratings (F < 1). By contrast, equal variances
were not assumed for the mastery goal approach ratings, F(1, 44) ¼ 4.50, p < .05. We therefore used the nonparametric Mann–Whitney test
to analyze these data.

Contrary to our expectations, the participants’ ratings of the performance goal avoidance items did not differ significantly between the
learning instruction (M ¼ 9.42, SD ¼ 4.60) and entertainment instruction groups (M ¼ 9.05, SD ¼ 4.92), (F < 1). Similarly, no significant
difference was found between the learning instruction (M ¼ 6.58, SD ¼ 4.87) and entertainment instruction groups (M ¼ 7.32, SD ¼ 4.43) in
ratings of the performance goal approach items (F < 1). Concerning the mastery goal avoidance items, once again there was no significant
difference between the learning instruction (M ¼ 9.96, SD ¼ 4.66) and entertainment instruction groups (M ¼ 11.23, SD ¼ 4.37), (F < 1).
Lastly, the ratings of the learning instruction (M ¼ 12.42, SD ¼ 4.86) and entertainment instruction (M ¼ 11.55, SD ¼ 3.51) groups did not
differ significantly on the mastery goal approach items, U(46) ¼ 238, p ¼ .57.

2.2.4.2. Intrinsic motivation. Levene’s test showed that the intrinsic motivation rating variances were equal, F(1, 44) ¼ 1.36, p ¼ .25. An
ANOVA performed on these data did not reveal any significant difference between the learning instruction (M ¼ 13.58, SD ¼ 4.07) and
entertainment instruction groups (M ¼ 12.59, SD ¼ 3.11), (F < 1).

2.3. Discussion

This first experiment was designed to assess the effects of instructions on learning quality and motivation in DGBL. Contrary to our
expectations, we failed to observe any effect of instruction on memorization quality (paraphrases). By contrast, data revealed that, in line
with our assumption about the relevance of processing during the activity, comprehension scores (inferences) were significantly higher in
the learning instruction condition than in the entertainment instruction condition.

No effect of instruction was observed on the motivation constructs we tested, contrary to our expectations. This result goes against the
conclusions reached in the reviews undertaken by Randel et al. (1992) and Vogel et al. (2006), which suggested that DGBL has a beneficial
effect on motivation. It is, however, important to remember that the studies described in these reviews assessed the motivational benefit of
digital games compared with other forms of learning. These comparisons are therefore very different from the one we conducted in our
study, where the only variable wemanipulatedwas type of instruction. The similarity of our two experimental conditions could explainwhy
the nature of the instructions had no effect on motivation.

The results of this first experiment seemed to cast doubt on the effectiveness of the entertainment instruction from the perspective of
learning through playing. Even so, we postulated that this type of instruction could still prove useful, provided that the superficial processes
it tends to elicit were blocked by features in the environment encouraging learners to engage in deep processing. We therefore conducted a
second experiment to analyze the effect of adding feedback to make learners more aware of the extent of their knowledge acquisition and
the need to mobilize deep processing throughout the task.

3. Experiment 2

According to Kester et al. (2007), a powerful learning environment is one that not only elicits deep learning, but also enhances the
learners’ motivation to learn. Many studies have shown that it is possible to promote deep learning by encouraging learners to carry out
Table 2
Mean scores on the paraphrase-type questions (max. score 8) and inference-type questions (max. score 8).

Instruction Paraphrase-type questions Inference-type questions* n

M SD M SD

Learning 2.29 0.86 4.23 2.19 24
Entertainment 2.05 1.50 2.93 1.89 22

Note. *p > .05.
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specific activities during the learning task (Sweller, Van Merriënboer, & Paas, 1998). These activities can be triggered by the presence of
features such as feedback (Moreno & Valdez, 2005). Feedback in educational games appears to reduce redundant cognitive processes, all the
while supplying learners with schemas to help them correct their comprehension errors (Clark & Mayer, 2008). This was demonstrated by
Leutner (1993), in a study using a digital game designed to teach environmental principles. He found that a version incorporating
explanatory feedback significantly improved recall performances compared with a version where no feedback was available. Although
Leutner chose to provide explanatory feedback in his study, there are many other types of feedback, depending on their length, specificity,
timing and complexity (Shute, 2008). Studies investigating the benefits of feedback in DGBL have tended to focus on comparisons of
corrective and explanatory feedback (Cameron & Dwyer, 2005; Mayer & Johnson, 2010; Moreno & Mayer, 2005). For example, Moreno and
Mayer (2004)’s study of the Design-A-Plant game showed that the use of explanatory feedback improved learners’ transfer performance
more than corrective feedback did. This emphasis on corrective and explanatory feedback (see Hattie & Timperley, 2007) has caused re-
searchers to neglect the other forms of feedback that are present in educational games, such as knowledge of correct response (KCR) feedback.
The latter’s benefits have already been studied in the field of multimedia documents by Corbalan, Kester, and VanMerriënboer (2009). Using
a document about genetics, these authors found that KCR feedback improved the efficiency of learners on transfer tasks. They also observed
a significant increase in motivation. To our knowledge, no study has ever looked at the effects of this feedback on cognitive processing in
DGBL.

In this second experiment, we set out to determine whether the presence of KCR feedback in DGBL quizzes can influence the types of
learning strategies induced by the instructions (i.e., entertainment or learning). In line with Clark and Mayer (2008), we predicted that the
addition of feedback containing the correct response would reduce redundant, superficial cognitive processing, thereby making learning
more relevant in both the entertainment and learning instruction conditions. As in Experiment 1, the digital learning game was admin-
istered to learners in two conditions: a learning condition, where participants were invited to learn with ASTRA, and an entertainment
condition, where they were invited to play with ASTRA. If the combination of KCR feedback and an instruction to play did indeed help to
reduce the superficial processes that seemed to be triggered in Experiment 1, all the while maintaining the motivational benefits linked to
the fun nature of the task, learning performances (i.e., recall quizzes, paraphrase- and inference-type questions) would be significantly
better in the entertainment instruction condition than in the learning instruction condition. Similarly, if KCR feedback promoted the
learners’ motivational investment, their desire to enhance their skills (i.e., mastery goal items), display their ability to succeed (i.e., per-
formance goal items) and engage in the task for it’s own sake (i.e., intrinsic motivation items) would be significantly greater in the
entertainment condition than in the learning condition.
3.1. Methods

3.1.1. Participants
A total of 44 participants (16 men and 28 women) aged 18–26 years (M ¼ 21.20, SD ¼ 2.25) took part in this experiment. None of them

had taken part in Experiment 1. They were recruited from a pool of students from several universities in Rennes. Students enrolled in
medical or allied health programs were excluded. They were all undergraduates and had been at university for 2.51 years on average
(SD ¼ 1.27).

3.1.2. Material
Participants in this experimentwere exposed to the same gaming environment as in Experiment 1, namely ASTRA. The scenes illustrating

the symptoms, the pedagogical agent, the oral commentaries, the illustrations and the questions used in the quizzes were exactly the same
as in Experiment 1. This new experiment, however, was characterized by the addition of KCR feedback for each of the questions in the four
disease quizzes. Each time a participant responded correctly, a window opened with the message “Right answer”. Each time a participant
responded incorrectly, a window opened with the message “Wrong answer”, plus the correct response (Fig. 3).

As in Experiment 1, we manipulated the Instruction independent variable.

3.1.3. Procedure
The procedure was exactly the same as in Experiment 1.
3.2. Results

3.2.1. Pre-test
Responses to the test of prior knowledge were scored out of six. Four participants who scored more than three were excluded from the

sample, to avoid effects linked to expertise. Levene’s test showed that the prior knowledge score variances were equal (F < 1). The mean
scores on this pre-test were 0.43 (SD¼ 0.88) for the learning instruction group and 0.76 (SD¼ 0.70) for the entertainment instruction group.
An ANOVA performed on these scores failed to reveal any significant difference between the two experimental groups, F(1, 40) ¼ 1.83,
MSE ¼ 0.64, p ¼ .18.

3.2.2. Recall quiz scores
Levene’s test showed that the quiz score variances were equal, F(1, 42) ¼ 1.87, p ¼ .18. The difference between the learning instruction

(M ¼ 12.87, SD ¼ 2.16) and entertainment instruction groups (M ¼ 13.00, SD ¼ 1.87) on recall scores was not significant (F < 1).

3.2.3. Knowledge questionnaire scores
Table 3 shows the mean scores and standard deviations for the learning instruction and entertainment instruction groups on the

paraphrase- and inference-type questions. There were no problems of homogeneity of variances for the scores on the paraphrase-type
(F < 1) and inference-type questions (F < 1).



Fig. 3. Screenshots showing the KCR feedback windows in the case of a right answer (left) and a wrong answer (right).
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Contrary to our predictions, there was no significant difference between the learning instruction and entertainment instruction groups
on the paraphrase scores (F < 1). In contrast to the first experiment, however, the scores on the inferential questions were significantly
higher in the entertainment instruction condition (M¼ 4.93, SD¼ 2.06) than in the learning instruction condition (M¼ 3.80, SD¼ 1.76), F(1,
42) ¼ 3.81, MSE ¼ 3.64, p ¼ .05.

3.2.4. Motivation questionnaire ratings
3.2.4.1. Learning goals. Table 4 shows the mean ratings (and standard deviations) of the performance goal avoidance, performance goal
approach, mastery goal avoidance, and mastery goal approach items by the learning instruction and entertainment instruction groups.
Levene’s test had shown that performance goal approach rating variances were equal (F < 1), as were those for the mastery goal approach
(F < 1), and mastery goal avoidance ratings, F (1, 42) ¼ 1.51, p ¼ .22. By contrast, equal variances were not assumed for ratings of the
performance goal avoidance items, F(1, 42) ¼ 5.66, p < .05. We therefore analyzed these data with the nonparametric Mann–Whitney test.

Contrary to our expectations, the data we collected did not reveal any significant effect of instruction on performance goal approach
(F < 1), mastery goal approach (F < 1), or mastery goal avoidance ratings (F < 1). By contrast, performance goal avoidance scores were
significantly higher in the learning instruction condition (M ¼ 10.26, SD ¼ 4.74) than in the entertainment instruction condition (M ¼ 7.38,
SD ¼ 2.80), U(44) ¼ 151.5, p < .05. In other words, the learning instruction appeared to have generated a greater fear of failure than the
entertainment instruction did.

3.2.4.2. Intrinsic motivation. Intrinsic motivation rating variances were equal, F(1, 42) ¼ 1.00, p ¼ .32. An ANOVA conducted on these data
failed to reveal any significant difference between the ratings by the learning instruction (M ¼ 13.30, SD ¼ 3.43) and entertainment in-
struction groups (M ¼ 13.24, SD ¼ 3.90) on these items (F < 1).

3.3. Discussion and conclusions

The aim of this second experiment was to demonstrate that the presence of KCR feedback in the quizzes of a digital learning game can
modify the learning strategies induced by the instructions. Our data partially confirmed our hypotheses. Contrary to expectations, no effect
Table 3
Mean scores on the paraphrase-type questions (max. 8) and inference-type questions (max. 8).

Instruction Paraphrase-type questions Inference-type questions* n

M SD M SD

Learning 2.28 1.15 3.80 1.76 23
Entertainment 2.33 1.05 4.93 2.06 21

Note. *p > .05.



Table 4
Mean ratings of performance goal avoidance, performance goal approach, mastery goal avoidance, and mastery goal approach (max. 21).

Instructions Performance goal approach Performance goal avoidance* Mastery goal approach Mastery goal avoidance n

M SD M SD M SD M SD

Learning 8.39 4.97 10.26 4.74 14.09 4.77 9.91 4.70 23
Entertainment 7.05 4.24 7.38 2.80 13.24 3.92 9.14 3.72 21

Note. *p > .05
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of instructionwas observed on responses to the paraphrase-type questions (memorization). However, the participants in the entertainment
instruction group performed better on comprehension (inference-type questions) than those in the learning instruction group. Our data also
suggest that the participants in the entertainment instruction conditionwere less frightened of failure than those in the learning instruction
condition. These results support the findings of research on germane cognitive load undertaken by Sweller et al. (1998), who showed that
adding features such as feedback to an educational document can trigger deep cognitive processing that contributes to better learning. The
usefulness of the present study therefore lies in its demonstration that KCR feedback, coupled with an entertainment instruction, can
promote deep cognitive processing during learning, all the while enhancing learners’ motivational investment.

4. General discussion

We carried out two experiments to assess the impact of type of instruction on cognitive information processing in DGBL. We observed
better comprehension performances with the learning instruction condition in Experiment 1, and with the combination of entertainment
instruction and KCR feedback in Experiment 2. By contrast, neither experiment revealed any effect of instruction on responses to the
paraphrase-type questions, even though deep learning results in better memory storage. One explanation for this may lie in the nature of
the instructions we used. The latter presented the environment as either a learning module or a game, but did not explicitly encourage the
participants to memorize the information. Future studies are needed to test this hypothesis.

Although the paraphrase results ran counter to our hypotheses, this was not the case for the inference-type questions. In line with our
expectations, the first experiment allowed us to demonstrate that participants who were given an entertainment instruction performed
significantly more poorly on comprehension than those given the learning instruction. These results supported the findings of van den
Broek et al. (2001), by showing that entertainment instructions induce less efficient information processing strategies than learning
instructions do. They also corroborated the observations of Beentjes et al. (1993), as well as those of van Asselen et al. (2006), by
demonstrating that shallow cognitive processes may prevail in situations where learners are not explicitly encouraged to learn. The
results of our first experiment therefore came out clearly against the use of an entertainment instruction in DGBL. By placing the par-
ticipants in an entertainment perspective, this instruction failed to engage a sufficiently strong effort to trigger the central processes
needed for learning.

Our second experiment was designed to overcome this problem by adding KCR feedback. This feedback was intended to promote the
implementation of deep cognitive processing in the entertainment instruction condition, all the while preserving the motivational
benefits of that instruction. The results of this second experiment validated our hypothesis by showing that, in the presence of KCR
feedback, learners in the entertainment instruction condition performed significantly better on comprehension than those in the learning
instruction condition. This result for inferential reasoning was particularly interesting, as it demonstrated that the effect of feedback is not
restricted to enabling learners to reproduce the information they have absorbed, as the ASTRA environment had not explicitly provided
the answers to the inference-type questions. Our results extend Leutner (1993)’s findings that adding feedback in DGBL enhances
memorization. They are also consistent with cognitive load theory and, more particularly, with Sweller et al. (1998)’s research on germane
cognitive load.

The results of our second experiment can be ascribed to the addition of feedback containing the correct responses, as this would allow
participants to mobilize deep cognitive processing during learning. This could be especially true for the entertainment instruction condition,
where the KCR feedback prompted the participants to process the DGBL contentmore deeply. The presence of this featuremaywell have led
the participants to devote more cognitive resources to deep cognitive processing, thereby triggering the central processes required for
learning. However, although this hypothesis would account for some of our results, it does not explain why the entertainment instruction
group performed better on comprehension than the learning instruction one. The answer may lie in another result of Experiment 2, namely
that the entertainment instruction was associated with significantly lower ratings of the performance goal avoidance items than the
learning instruction. In other words, the participants who were given the entertainment instruction seem to have experienced less fear of
failure than those who were given the learning instruction. For Moos and Marroquin (2010), the nature of the goals that learners set
themselves can influence the cognitive processing strategies they implement. For example, Moos and Azevedo (2006) showed that inducing
performance goal avoidance in hypermedia learning modifies the quality of processes with a self-regulated learning component, partic-
ularly planning, which involves recycling goals in working memory and activating prior knowledge. In the light of these findings, we can
postulate that the entertainment instruction made the participants less frightened of failure and, by so doing, led them to adopt more
effective learning strategies. In concrete terms, these learners may have self-regulated their learning better, by recycling fewer failure
avoidance goals inworking memory. This would have allowed them to allocate more cognitive resources to the deep processing of the DGBL
content and, as a consequence, achieve better scores on the comprehension tests. One of theweaknesses of this explanation is that therewas
no effect of instruction on the other learning goals or intrinsic motivation. If the entertainment instruction did indeed have a genuine
motivational benefit, it should not have been limited to the performance goal avoidance items. This may, however, have been due to the
similarity of our two experimental conditions. With the exception of the instructions themselves, no modification was made to the DGBL,
and this may account for the lack of impact on the other motivation dimensions. Nevertheless, at this stage in our research, it is still difficult
to account satisfactorily for the benefits of the entertainment instruction observed in Experiment 2 and we will therefore need to carry out
more studies to elucidate them.
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The comparison of our two experiments raises a number of questions concerning fear of failure. In Experiment 1, we did not observe any
significant effect of instruction on the items measuring this fear. If, as Experiment 2 appears to demonstrate, the entertainment instruction
has a beneficial effect on fear of failure, how come we did not observe this effect in the first experiment? It should be recalled that the
learners in this experiment were not given any feedback during the learning session. They may therefore have had difficulty implementing
effective self-regulatory mechanisms during that session. This would have resulting in more recycling of failure avoidance goals in working
memory which, in turn, would have completely undone the benefits of the entertainment instruction. This explanation fits in with the
findings of Corbalan et al. (2009) and Spinath and Spinath (2005) showing that the presence of feedback gives learners an opportunity not
just to take stock of the progress they have made, but also to improve their self-regulation.

The originality of the present study lies in its focus on the effects of instructions in DGBL. Although there has been a great deal of research
on the effects of instructions during text learning (van den Broek et al., 2001; Mc Crudden et al., 2006, 2010; Narvaez et al., 1999; Schraw &
Dennison, 1994), to our knowledge, no study has ever manipulated this variable in DGBL. Another original characteristic is the use of KCR
feedback in DGBL. In the literature, studies assessing the effects of feedback in DGBL have generally focused on corrective feedback (i.e.,
telling learners if their answers are right or wrong) and explanatory feedback (i.e., providing the right and wrong answers together with
explanations), to the detriment of other forms of feedback such as KCR. Our study shows that this form of feedback can prove extremely
relevant to DGBL, in relation to type of instruction. Even so, given the current state of knowledge, we cannot say whether these positive
effects could be generalized to all types of feedback, especially simpler kinds (i.e., corrective).

Our experiments had threemain limitations, one of which was the choice of the ASTRA game environment as our experimental material.
This environment, which introduced learners to the diseases suffered by people in old age, involved relatively little interactivity. Learners
had few opportunities to interact with the material apart from selecting the right behavior to adopt toward an elderly person with one of
these diseases, and completing the quizzes. This lack of interactivity may have influenced our results by limiting the potential effects of
individual differences in learning processes (germane cognitive load) and motivation.

It would be well worth replicating our study with more immersive and interactive material, where participants would be able to take
advantage of the interactivity to pursue the game until they thought they had achieved sufficient learning outcomes. This situation would
maximize the likelihood of observing the effects of individual differences in learning processes and demonstrate stronger effects of in-
structions on motivation than in the experiments reported here.

The second limitation was the quizzes performed with ASTRA. Scores on these recall tests were extremely high (approx.12/16 points),
meaning that the learners seldom received feedback correcting their comprehension errors.We can therefore assume that the KCR feedback
did not play its full role here, in that it did not necessarily serve to reduce ineffective, superficial processing during the DGBL. The data
yielded by Experiment 2 nevertheless indicate that this feedback played a beneficial role during the learning session. By reinforcing the
learners’ knowledge schemas, it presumably triggered deeper processing of the content. In order to observe greater benefit from feedback,
we would need to replicate Experiment 2 with more taxing quizzes. The third limitation concerns the methodology we used. In our
methodology, we relied essentially on offline data tomeasure the effects of instruction choice. However, we could also have collected online
data, such as that yielded by log file analysis, in order to support, for example, our assertions on deep processing and the time needed to
implement it when feedback is provided. Further studies are needed to verify this assumption.

One of the objectives of the present study was to answer the question “Is deep learning compatible with serious games?” (Graesser et al.,
2009). Our two experiments yielded a positive reply to this question, by showing that deep learning is indeed compatible with an enter-
tainment instruction, provided that the digital learning game is accompanied by features such as feedback, to help learners mobilize deep
cognitive processes. Experiment 1 showed that the choice of an entertainment instruction seemed to reduce the quality of the processes
implemented in DGBL and thus hinder learning. By contrast, Experiment 2 showed that the negative impact of an entertainment instruction
on the quality of cognitive processes implemented in DGBL could be canceled by the addition of feedback supplying the right answers. The
addition of KCR feedback even revealed how an entertainment instruction can improve the management of fear of failure.

The present study opens up several new avenues for research. It suggests that presentation-both of the information in DGBL and of the
tasks to be performed-has a major impact on the quality of learners’ information processing.
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