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The diﬃculty of designing intrinsically integrated game-based learning systems has led to alternative design strategies based on extrinsic integration. This study extends prior work on extrinsic integration design by examining the eﬀectiveness of alternative reward structures in integrating learning and game. Speciﬁcally, a performance-contingent reward is proposed as a new
integration mechanism and its eﬀects on learning, motivation, engagement, and system perception are assessed, vis-à-vis a completion-contingent reward. A group of university students
(N = 64) were involved in an empirical experiment designed to determine the eﬀectiveness of
the new reward structure in the context of English vocabulary learning and arrow-shooting
gaming. The results from the experiment show that the proposed reward structure produces a
statistically signiﬁcant increase in the level of learning, motivation, and engagement. The results
are highly encouraging for game-based learning research as the proposed approach is easily
extendable, with design implications that are widely applicable.

1. Introduction
Game-based learning broadly refers to an educational system that implements game or game-elements as a motivational driver for
students (Prensky, 2003; Van Eck, 2006). Games have established their status as one of the everyday activities of the current youth
and have proven their extreme motivational value. Harnessing the motivational value of the game for education could provide
groundbreaking leaps toward higher achievements among students (McGonigal, 2011; Tobias, Fletcher, & Wind, 2014, pp. 485–503).
For the past few decades, researchers have studied and designed various types of game-based learning systems to understand the
underlying eﬀects and to identify successful designs (Gunter, Kenny, & Vick, 2006; Ke, 2016; Kim & Shute, 2015; Linehan, Kirman,
Lawson, & Chan, 2011).
However, making education fun is diﬃcult. The design of a successful game-based learning system requires the user to fully
engage with the game, while also learning the educational material embedded in it. While the concept seems simple enough, the
actual design can raise alarms for both the student and the teacher (Liu, Santhanam, & Webster, 2017). A student who is accustomed
to commercial games is likely to ﬁnd, for example, shooting down ﬂying equations to be uninteresting. While a teacher may observe
such gameplay to realize that not enough learning takes place during gameplay. Consequently, a poorly designed game-based
learning can diminish both the entertainment and the educational beneﬁt, eventually failing to appeal to both students and teachers.
Therefore, it becomes highly necessary to develop game-based learning designs that work and to suggest a general design strategy
that is robust and practical (Derboven, Zaman, Vissers, Geerts, & De Grooﬀ, 2015; Ke, 2016; Meyer & Sørensen, 2009, pp. 69–82).
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Recent design strategies for game-based learning have been focused on the integration of learning and gaming with regards to
user motivation (Brezovszky et al., 2019; Habgood & Ainsworth, 2011). Particularly, integration based on intrinsic motivation,
known as intrinsic integration, has been the most popular. Intrinsic integration design combines the instructional elements with core
game-mechanics in order to promote learning through highly motivating activities in the game. For example, shooting a battleship
with a canon that uses fractions as the distance to teach basic mathematics would be considered an intrinsic integration (Lomas,
Patel, Forlizzi, & Koedinger, 2013). When done well, intrinsic integration can provide an environment where users can learn simultaneously simply by participating in an enjoyable and engaging game activity. However, despite its popularity and potential,
issues such as lack of generalizability, weak transfer of knowledge and diﬃculty of design have limited its progress (Santhanam, Liu,
& Shen, 2016). Only a few studies have aimed to address these issues by adopting a design strategy known as extrinsic integration,
where the instructional elements are attached to an external aspect of the game (Preist & Jones, 2015). Popular examples would
include badges or trophies for learning often shown in gamiﬁcation. Extrinsic integration design in its nature allows for a highly
extendable design that can eﬀectively deliver both learning and engagement. Developing a meaningful connection between learning
and gaming, so that the two exclusive environments can encourage one another, is a vital research question for the success of extrinsic
integration. However, the designs used in existing extrinsic integration designs lack the motivational nudge that can induce eﬀort or
will to perform (Huang & Hew, 2015).
Previously suggested extrinsic integration designs adapted a ‘completion-contingent reward’, in which the rewards are provided for
completing a task regardless of performance or eﬀort (Preist & Jones, 2015; Zhonggen, 2018). In this study, we aim to investigate the
eﬀects of performance-contingent reward on learning and motivational outcomes by comparing with those of completion-contingent
reward. Speciﬁcally, we design and empirically evaluate an alternative reward structure based on a ‘performance-contingent reward’,
which provides reward according to the performance from the activity (Deci, Koestner, & Ryan, 2001; Ryan & Deci, 2000). We
believe that the consideration of performance will allow the reward to incentivize the user to put more eﬀort into the activity, which
can lead to enhancement in both learning and motivational outcomes. Also, the reward is designed speciﬁcally to be directly involved
in the gameplay. As a result, the rewards would provide a diverse game-experience and higher performance for the user (Cheng, Lin,
& She, 2015). We believe that our approach can contribute to the stream of research in game-based learning by providing both
theoretical insights and practical implications. The highly extendable and replicable design of our approach can be deployed and
updated in not only game-based learning systems but also commercial games.
For the investigation and comparison between completion-contingent reward vs. performance-contingent reward, we had the
following research question:
Research Question: How performance-contingent reward in an extrinsically integrated game-based learning system aﬀects learning
and motivational outcomes.
In an eﬀort to empirically validate our design, we developed an extrinsically integrated game-based learning system to teach
English. We integrated a standard English learning system with a popular arrow-shooting game in a mobile setting using Unity. Two
versions, a completion-contingent reward version and a performance-contingent reward version, were developed to directly assess
their relative eﬀects on learning and motivational outcomes. The systems were evaluated in a 3-day study involving 64 participants.
The study results based on the quantitative data showed a statistically signiﬁcant increase in the level of learning, motivation and
some aspects of engagement for those who were assigned to the performance-contingent reward structure. We further examine
qualitative data to understand the reasoning behind the diﬀerence and provide practical design implications for future studies in
game-based learning.
In the following sections, we discuss the related work, system design, evaluation methods and study results. Then ﬁnally we
discuss the ﬁndings from the empirical evaluation in our study and their implications with future research opportunities.
2. Related work
2.1. Extrinsic integration in game-based learning
In their work, Habgood and Ainsworth (Habgood & Ainsworth, 2011) formally identiﬁed two forms of integration design known
as intrinsic integration and extrinsic integration. In their study, they directly compared the eﬀectiveness of intrinsic integration and
extrinsic integration with a control group and concluded that intrinsic integration was superior to extrinsic integration in delivering
learning outcomes. While many studies accepted the strengths of intrinsic integration and extended the research to diﬀerent settings
(Lomas et al., 2013; Perry et al., 2014; Plass et al., 2012), the study by Preist and Jones explored the beneﬁts that extrinsic integration
could bring (Preist & Jones, 2015). While they accepted the premise that a well-designed intrinsic integration can outperform
extrinsic integration, they hypothesized that extrinsic integration can be also eﬀective when its design is improved.
The extrinsic integration design in Habgood and Ainsworth's study employs the same game from the intrinsically integrated
system of the study (Habgood & Ainsworth, 2011). An action game with zombies that can be defeated using matching weapons.
However, the design diﬀers in the delivery of the learning material where in the intrinsic version they present the learning materials
within the game through the game mechanics. Speciﬁcally, they displayed dividends on the enemy's chest and divisors on the
weapon, by matching the two the user could slay the zombie and gain points. On the other hand, the extrinsic integration version
used a normal game mechanic with matching zombies and weapons but included a mathematical quiz that needed to be completed to
proceed at the end of each level. The mathematical quiz was designed to be identical to the matchings available in the intrinsic
integration version except it was presented in the form of a multiple-choice quiz rather than a game mechanic. The key concept of the
extrinsic version was to present the game as a reward for completing the multiple-choice quiz.
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Preist and Jones (Preist & Jones, 2015) point out that the design provided by Habgood and Ainsworth (Habgood & Ainsworth,
2011) can be perceived as highly controlling to the users, as it interrupts the gameplay and must be completed to proceed. Preist and
Jones considered this type of interruption from the reward perspective to be controlling and limiting the eﬀectiveness of the system.
They hypothesized that a reward design that is perceived to be less controlling would improve the game experience and therefore also
the learning. Speciﬁcally, they adopted the micro-payment structure of the popular mobile game Clash of Clans and implemented a
multiple quiz section that was freely accessible whenever needed and provided in-game credits which can facilitate gameplay. The
design used in Preist's study diﬀers with that of Habgood's in two aspects. First, the users were able to select to participate in the
learning activity on their own will with no systematic constraints. The freedom to utilize the learning activity freely prevents it from
being perceived too controlling. Second, the completion of the learning task provided a reward that contributes to the game experience. The in-game reward that facilitates gameplay provides extra incentive for the user as gaining the reward can elevate their
game experience.
Another study that implemented a completion-contingent reward in an extrinsic integration setting is the work by Hwang et al.
(Hwang, Hsu, Lai, & Hsueh, 2017). The study showed that implementation of game-based learning improved learning achievement
and motivation with no signiﬁcant change to the anxiety of the subjects. Although their work was not speciﬁed to be an extrinsic
integration design or focused on the design approach of game-based learning, the implementation of the system reﬂects the fundamentals of an extrinsic integration design. The research aimed to evaluate the connection and the eﬀect game-based learning had
on language learning with consideration of student anxiety in the learning material. The system was divided into three phases based
on the diﬃculty of the learning task and each phase consisted of a learning task, which provided abilities that were required to
complete the gaming task. The design of integration between gaming and learning task remained to be a completion-contingent
reward as the completion of the learning tasks provided the necessities to complete the game tasks. As such, there are opportunities
for improvement as the participation in the game was limited when the learning tasks were not completed - there is still a possibility
of a strong controlling eﬀect (Deci et al., 2001). The procedure is more similar to that of Habgood's study rather than that of Priest
and Jones (Habgood & Ainsworth, 2011; Preist & Jones, 2015).
Other than the studies mentioned above, implementing an extrinsic reward that contributes directly to gameplay has not been a
common practice in game-based learning [ (Infante et al., 2010; Ronimus, Kujala, Tolvanen, & Lyytinen, 2014; Zapata-Rivera,
VanWinkle, Doyle, Buteux, & Bauer, 2009)?,]. Other studies that investigate the extrinsic association between game and learning
were more focused on providing tokens or progress trophies. A prime example of such an approach can be found in the research area
of gamiﬁcation (Cheong, Cheong, & Filippou, 2013; Mekler, Brühlmann, Opwis, & Tuch, 2013; Sandberg, Maris, & Hoogendoorn,
2014; Santhanam et al., 2016; Tomaselli, Sanchez, & Brown, 2015). Gamiﬁcation is a form of extrinsic integration with much less
focus on the game aspect, where only game elements are used to decorate a formerly non-game activity (Deterding, Dixon, Khaled, &
Nacke, 2011). Rewards are a common instrument in gamiﬁcation to induce motivation or engagement, yet due to the nature of not
actually having a game module included, many of the rewards in gamiﬁcation are often consciously valued or accepted simply as an
acknowledgment of progress.
The extant literature on extrinsic integration for game-based learning relies on a reward structure that has very limited inﬂuence
on actual gameplay (Habgood & Ainsworth, 2011; Hwang et al., 2017; Preist & Jones, 2015). While the reward structure designed by
Preist and Jones (Preist & Jones, 2015) provided a slightly more inclusive reward that reduced waiting time in-game, the reward
structure in Habgood (Habgood & Ainsworth, 2011) and Hwang (Hwang et al., 2017) has virtually no impact on actual gameplay.
Similar to how badges and trophies in gamiﬁcation studies, reward structures with no impact on the game experience can limit its
value to the user. In order to induce a more meaningful value to the rewards provided by the learning task, a reward should have a
positive inﬂuence on the user's game experience. Through rewards that make the game experience more positive, the user's desire to
obtain such rewards can motivate the users to participate more in the learning task and therefore increase the level of learning.
2.2. Rewards
Rewards are a critical part of what constitutes an entertaining game both as a motivator and as a feedback. Similarly, in the ﬁeld
of education, rewards have been used to incentivize students to learn and to recognize their eﬀorts. In both areas, rewards are used as
a mean to induce motivation for the activity, yet the controlling nature has made the use of rewards to be cautious (Amabile, 1993;
Deci et al., 2001; Hitt, Marriott, & Esser, 1992). In this study, we utilize the psychological theories of Cognitive Evaluation Theory
(CET) and Self-determination Theory (SDT) as guidelines to develop an eﬀective reward structure. Speciﬁcally, we analyze how the
rewards are given using the contingency types of tangible rewards provided in the CET. Also, how the rewards are valued by the user
according to the locus of causality and regulatory style provided in the SDT.
CET is a psychological theory that explains the eﬀect of external events such as rewards on intrinsic motivation through one's
competence and autonomy. According to the CET, the eﬀects of tangible rewards depend on the speciﬁc conditions of the task
required for the reward to be given. CET provides a typology of contingencies for tangible rewards, elaborating on two contingency
types, task-contingent reward and performance-contingent reward (Deci, Koestner, & Ryan, 1999).
A task-contingent reward can be further broken down to two categories of ‘completion-contingent reward’ and ‘engagement-contingent reward’. A completion-contingent reward refers to the rewards given on the completion of a given task. In-game credits
awarded for the completion of a task would be a completion-contingent reward (Preist & Jones, 2015). An engagement-contingent
reward refers to rewards that are dependent on engaging in the activity but not necessarily completing it. For example, awarding
points for continuous participation in the system would represent an engagement-contingent reward (Cooper et al., 2010).
Finally, a performance-contingent reward refers to a reward that depends on the performance of the individual in the task usually
3
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in the form of exceeding a certain criterion or matching a level of excellence. It has been observed that some gamiﬁcation elements
such as badges with speciﬁc performance standard can be considered a performance-contingent reward (Glover, 2013).
CET suggests that each contingency provides a diﬀerent level of aﬃrmation of competence that can oﬀset the control from the
reward. Completion contingent reward does convey some level of competence, especially if the person has a normative sense of how
well they completed the task. However, the eﬀect of a reduced sense of control is not expected to be strong. On the other hand, the
recognition of excellence through a performance-contingent reward can provide substantial competence information that can negate
the sense of control. In game-based learning, a performance-contingent reward that recognizes the user's eﬀort and performance in
the learning activity is more likely to lessen the controlling eﬀect the learning activity has compared to a completion contingent
reward.
Self-determination Theory (SDT) is a psychological theory of human motivation that identiﬁes types of motivation and its development as a predictor of performance and emotional well-being. According to SDT, positive and negative eﬀects of rewards are
determined by the perceived locus of causality of control and how it aligns with extrinsic and intrinsic motivation (Ryan & Deci,
2000). On the spectrum of extrinsic and intrinsic motivation, the theory suggests that the extent to which the reward is internalized
and aligned to one's values determines the motivational response. Speciﬁcally, SDT postulates six categories of styles for the regulation created from the reward, in the increasing order of internalization: non-regulation, external regulation, introjected regulation,
identiﬁed regulation, integrated regulation and intrinsic regulation.
Non-regulation is a result of a complete lack of intent to act whereas intrinsic regulation is a result of fully intrinsically motivated
behavior. External regulations are rooted in extrinsic motivation and are attempts to control the person's behavior through means
such as rewards or punishments. Introjected regulation is a form of conformation usually involving one's desire to protect ego or selfworth, representing the very ﬁrst step toward internalizing the regulation. While a controlling regulation can be negative to the
person's motivation, the internalization of these regulations can induce autonomy and competence, leading to increased motivation.
Among the four regulations of extrinsic motivation (i.e., excluding non-regulation and intrinsic regulation), identiﬁed regulation and
integrated regulation are when the regulations become aligned with the person's values and needs. Speciﬁcally, identiﬁed regulation
is when a person consciously assigns value to the regulation and integrated regulation is when the regulation itself becomes aligned
with one's values.
In the context of game-based learning, rewards that users can consciously value, such as tokens or badges, are a form of identiﬁed
regulation whereas rewards that can be used to enhance the game experience are a form of integrated regulation as the reward is
aligned with the user's goal in enjoying the game. While both types of regulation have their strengths and weaknesses, there are
educational beneﬁts from internalizing the regulation. The internalization of the extrinsic regulation, according to Ryan and Connell
(Ryan & Connell, 1989), has a signiﬁcant impact on the person's autonomy, which has shown to positively inﬂuence engagement,
performance and learning. The beneﬁts from heightened autonomy and engagement could signiﬁcantly alter the experience in the
entire system and have impact on one's competence and performance, thereby positively contributing to learning achievement in a
game-based learning system (Eseryel, Law, Ifenthaler, Ge1, & Miller, 2014; Filsecker & Hickey, 2014; Mekler et al., 2013).

3. System design
In order to empirically evaluate the eﬀects of extrinsic integration in game-based learning, we developed a game-based learning
system built upon an arrow shooting game. The concept of the game has been motivated by a popular Korean smartphone game
“Everybody's game.” The system consisted of two consecutive parts, ﬁrst the education part and second the gaming part while a single
session of gameplay is designed to start with the education part and proceed to the gaming part. The ﬂow of the system is illustrated
in detail in Fig. 1. The user may exit the session during any stage but cannot proceed to play the game without participating in the
education section. In each session, 20 words are selected from the vocabulary list and they do not change throughout the session but
the selection is done randomly for every new session. There were two diﬀerent versions of the system corresponding to the experimental design: control group (completion-contingent reward) and treatment group (performance-contingent reward). The differences between the two versions are elaborated in the following section and brieﬂy described in Fig. 1.

Fig. 1. System ﬂow chart.
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Fig. 2. Performance-contingent rewards shown for the treatment group (right). The wind strength shown indicates the maximum wind speed set for
the upcoming game session. The rewards available are based on the performance score from the vocabulary test (left).

3.1. Integration design
In order to promote learning and maintain the entertainment of the game, our design of performance-contingent learning reward
utilizes a unique mixture of intrinsic motivation and extrinsic motivation through the integration design. The user's intrinsic motivation to be better at the game induces a strong need for the rewards from the learning section, as they can be used to compliment the
user's gameplay, inducing an extrinsic motivation through the reward and driving the user to perform better in the learning section.
The link built by the two motivations creates an environment where the intrinsic motivation from gaming can continuously encourage the user to study harder.
Speciﬁcally, the two groups are presented with two diﬀerent reward structures with diﬀerent contingencies. Similar to that in
Habgood and Ainsworth (Habgood & Ainsworth, 2011), the control group was rewarded with a completion-contingent reward, where
the users proceeded to play the game. In the game, users were provided with 3 normal arrows as a reward to their completion of the
learning activity. The wind strength for the control group was randomly assigned from 0 to 10(m/s).
In the treatment group, a performance-contingent reward was given according to their score in the quiz. As shown in Fig. 2 (left),
the user's quiz score was evaluated in three categories to add up to 100. The total performance score was used to determine a letter
grade (Fig. 2, right). According to their letter grade, the treatment group was presented with diﬀerent arrows and controlled wind
strength as a reward to their performance (Fig. 2, right). These arrows all diﬀer in their types and their abilities but they were all
designed and tested in a preliminary study so that they allow the user to gain a higher score than the normal arrow.
In total, there were 6 diﬀerent arrows available. The speciﬁc criteria for the letter grade are shown in Table 1. These criteria were
developed in a pilot study with 5 subjects who were not involved in the development of this study. In the pilot study, subjects were to
determine if diﬀerent letter grades provided noticeable diﬀerences in the gameplay and the game score. Speciﬁc details of available
arrows and the eﬀect of wind strength will be described in the following game description section. The golden arrow was speciﬁcally

Table 1
Letter grade criteria.
Test Score

Letter Grade

Wind Strength (m/s)

Number of Arrows

Golden Arrow

90∼ 100
80∼ 90
70∼ 80
60∼ 70
∼ 60

S
A+
A
B+
B

0
∼3
∼5
∼8
∼ 10

5
4
3
2
1

Available
Not Available
Not Available
Not Available
Not Available
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Fig. 3. Vocabulary card for the educational module, description (left) and example (right).

designed to represent an exceptional reward as it was determined to be the most accurate arrow available.
3.2. Education section
The education section that precedes the gaming section is largely set in two parts. The ﬁrst part allows the user to freely navigate
through a set of cards to study the given vocabulary, as shown in Fig. 3. The cards include details about the word including its
meaning, word class, pronunciation and a sample phrase with the word. The user also has the option to view a list of these words in a
long scrollable vertical table with the word and the word's meaning. The user can then move on to the quiz section where they need to
solve 10 questions regarding the vocabulary they have studied in the study section, as shown in Fig. 4.
3.3. Learning content
The learning content of the education section was developed using the Graduate Record Examination (GRE) level vocabulary. The
original set of words were extracted from the popular GRE vocabulary book ”WORD SMART for the GRE”. The original set was
further developed using an online dictionary to add translations and example sentences. The ﬁnal set of words were constructed of
2000 GRE-level vocabulary with information including translation, pronunciation, two example sentences and the translation of the
example sentences.
The questions in the quiz section are all multiple choices designed to utilize all the available information in the vocabulary set. In
total, there are three diﬀerent types of questions including English to Korean translation, Korean to English translation and selecting
an appropriate word for a blank space in a given sentence. The words presented as an answer choice in the questions are randomized
from the entire vocabulary set and always ordered randomly in order to avoid any visual recognition of the answer from repetitive
answer-sets.
3.4. Game section
As shown in Fig. 5 (left), the game's objective was to accumulate a higher score by hitting the targets that ﬂoat horizontally on the
top of the screen using the given arrows. The users can draw and shoot the arrow by touching or clicking on the screen of their
smartphone device. The movement of the arrow depended on the type of arrow that is being shot and the wind moves the target at a
random angle at a random strength (but within the maximum wind strength set for the game session). The score of the game is based
on how accurately the user can shoot the arrow where each hit translates to points, starting from 100 at the bulls-eye and lower as it
gets further from the center of the target. Also shown in Fig. 5 (right), a fever mode can be activated after a certain number of
consecutive hits, depending on the stage level, where the user can accumulate a much larger sum of points as the fever target's score is
6
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Fig. 4. Multiple choice questions in the educational module, description (left) and example (right).

Fig. 5. The game module with a normal shooting mode (left) and a fever mode (right) that activates after several consecutive hits.

much higher than a normal target. The game ends when a user misses the target and has no remaining arrow to shoot.
In the game, there were 6 diﬀerent arrow types including normal arrow, ﬁreball, axe, boomerang, rocket and golden arrow.
Normal arrow is the basic form that ﬂew at normal speed. Fireball is a type of arrow that ﬂew at half the normal speed but provided
twice as many points when it hit the target. Axe is a type of arrow that rotated 360° when ﬂying and ﬂew at 0.75 times the normal
7
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speed. Boomerang is an arrow that had a circular trajectory towards the target, similar to a ﬂying boomerang. Rocket had an
exponentially growing speed to the movement, where it would start slow and accelerate. The golden arrow had twice the normal
speed with lightning eﬀects when it hit the target. All arrows were designed to be aﬀected by the wind speed except for the golden
arrow, which ignored the wind.
4. Method
4.1. Participants
Subjects were recruited on the oﬃcial student forum of a large-size university in Korea, where the sign-up requested that people
who were interested in both games and English vocabulary to volunteer for participation. A total of 64 students (42 male, 22 female;
42 undergraduate students, 22 graduate students; mean age 22.8) participated in the experiment and were given approximately $15
for 3 days of participation with pre and post survey including a vocabulary test within each survey. The subjects were randomly
distributed to a control and a treatment group and showed no statistically signiﬁcant diﬀerence in their motivation to play the game
(t = 0.13, n.s.) to learn vocabulary (t = 0.99, n.s.), nor in their previous game experience (t = 1.39, n.s.) and English vocabulary
studying experience (t = 0.77, n.s.). Only 4 subjects had previously studied for the GRE and their pre-test score showed no diﬀerence
from the other participants.
4.2. Procedure
The experiment was conducted as a 3-day experiment. During the experiment, subjects were free to interact with the system on
their own will and use the system as much as they wanted and as little as they wanted. During the pre-experiment session, subjects
were brieﬂy introduced to the experiment and were given a brief explanation about the purpose of the experiment. Next, they were
presented with a vocabulary test and a pre-experiment survey, which asked for the subject's general information, experience and
motivation in both game and English vocabulary learning.
Afterward we deployed the Android-based application onto each subject's smartphone device and basic instructions were given
vocally. The application on launch provided a detailed tutorial on how to use the system. Speciﬁc details about the arrows and how
they can be obtained were introduced in the tutorial. Subjects then used the application on their own will for 3 days and were
gathered again for a vocabulary test and post-experiment survey, which included self-reported behavioral measures. Also, the subjects answered several questions regarding their system use in a follow-up interview. The study participants in each experimental
condition were met separately and not told that there was an alternative condition.
4.3. Measures
All measures in the current study, except learning and perception of the system, were presented in a 7-point Likert scale, modiﬁed
from the original version to ﬁt the context of game-based learning. The speciﬁc questionnaire items used are found in Appendix 1.
4.3.1. Learning outcome
The learning outcome from the experiment has been measured through a pretest-posttest control group design to trace the impact
of the intervention. Both the pre-test and post-test consisted of 25 multiple-choice questions. The tests were comprised of 25 words
selected randomly from the vocabulary pool of 2000 words and all the questions were the same for all subjects. The two tests were
identical but the subjects were not informed of it during the experiment and the order of the questions was shuﬄed. The learning
outcome was measured by calculating the diﬀerence between the pre-test and the post-test for each user.
4.3.2. Autonomy and competence
The perceived autonomy and competence were measured as a part to determine the eﬀect a reward structure has on the user as
competence information. Perceived autonomy indicates the user's perceived level of control over the system's outcome. Perceived
competence is a measure of the user's perceived level of his or her own capability to succeed within the system. Perceived autonomy
and perceived competence are important predictors of intrinsic motivation according to the CET (Deci et al., 1999). These measures
provide indirect evidence of how the rewards inﬂuence the user's motivation towards activity and insights to how the rewards are
perceived to inﬂuence the user's experience. Speciﬁc questions for perceived autonomy are originated from Fu et al. (Fu, Su, & Yu,
2009) and perceived competence originated from Ryan and Deci (Ryan & Deci, 2000).
4.3.3. Engagement
The level of engagement was measured to demonstrate the user's state of involvement and absorption to the interaction with the
system. Speciﬁcally in this study, the four diﬀerent categories of cognitive absorption by Agarwal et al. (Agarwal & Karahanna, 2000)
was used to measure engagement: enjoyment, immersion, temporal disassociation and curiosity. Enjoyment aims to measure the level
of pleasure experienced during the interaction with the system. Immersion is a measure of the degree the user was able to ignore
other attentional demands. Temporal disassociation measures the user's inability to register the passing of time during one's interaction with the system. Curiosity indicates the extent the interaction with the system arouses the user's sensory and cognitive
curiosity. These engagement measures are used to assess the hedonic experience and how it alters based on the diﬀerent reward
8
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structures in the current study.
4.3.4. Motivation
The subject's motivation to do well in each of the two contexts, gaming and learning, was measured using the trying to game and
trying to learn measurement items, respectively, adopted from Ahuja and Thatcher (2005) (Ahuja & Thatcher, 2005). Theory of
trying speciﬁcally postulates trying to act as a key mechanism in predicting behavioral outcomes and performance diﬀerences
(Bagozzi & Warshaw, 1990). The current study employed the motivational measures based on the theory of trying because of the
nature of game-based learning where the user's eﬀort is paramount to its success. The measures of motivation for both gaming and
learning are used to assess the diﬀerent levels of motivation a user experiences based on the provided reward.
4.3.5. Perception of system
The perception of the system was measured to determine whether the subjects perceived the system to be a game or an educational application on a relative scale. The subjects were asked to rate the degree to which they felt the system was a game or an
educational application in a scale of 1–10, 1 being strictly a game and 10 being strictly an educational application (Howard &
McInnes, 2012; Vandercruysse, Vandewaetere, Cornillie, & Clarebout, 2013). The user's perception of the system is used to understand how the users viewed the system and how the view changed with the alternative reward conditions.
4.4. Interview
After the post-experiment survey and test, the subjects were asked several questions regarding their general response towards the
system and their eﬀort levels when using the system. They were encouraged to share their opinions on how positive or negative they
felt about the system in terms of both learning and gaming and also opinions on how they tried to perform well in both learning and
game.
5. Quantitative results
We conducted a series of statistical analysis to compare the diﬀerences between the control and treatment groups in 1) learning,
2) perceived autonomy and perceived competence, 3) engagement, and 4) perception of system. An independent T-test and the eﬀectsize (Cohen's d) was used for the analysis.
5.1. Reliability and validity of measures
Before the analysis, the psychometric properties of the measurements were tested to assess their reliability and validity. First, the
internal consistency for all constructs was tested using the Cronbach's α and composite reliability. Generally, when the measure
exceeds 0.7, the construct is believed to be acceptable, and it is excellent when exceeding 0.9. As shown in Table 2, all constructs
were at least over 0.7 with excellent consistency observed (over 0.9) for several measures. Furthermore, the convergent and discriminant validity were assessed using Average Variance Extracted (AVE) by comparing the square root of AVE (in bold) of each
measure with the measure's correlation with other measures. As shown in Table 2, the convergent and discriminant validity is
satisﬁed as the square root of AVE of every measure is higher than the correlation with other measures, indicating that the measurement items measure their intended construct well.
5.2. Learning
As shown in Table 3, the learning outcomes from the experiment showed that the treatment group (M = 10.969, SD = 3.848) had
higher achievement than the control group (M = 8.563, SD = 4.399). An independent T-test showed the statistical signiﬁcance of the
diﬀerence with a t = 2.329, p < 0.05. Given that the diﬀerence of the pre-experiment test-score between the two groups showed no
statistical signiﬁcance with t = −0.246, p = 0.807, it is fair to assume that the two groups started with a similar level of knowledge.
Table 2
Reliability and validity of measures.
Construct

1
2
3
4
5
6
7
8

Autonomy
Competence
Enjoyment
Immersion
Temporal Disassociation
Curiosity
Trying(game)
Trying(learn)

Cronbach's Alpha

0.777
0.956
0.961
0.856
0.874
0.879
0.91
0.901

Composite reliability

0.867
0.968
0.974
0.903
0.941
0.926
0.957
0.953

AVE

0.685
0.883
0.808
0.7
0.888
0.927
0.917
0.91

9

Construct Correlations
1

2

3

4

5

6

7

8

0.828
0.378
0.423
0.428
0.334
0.262
0.43
0.239

0.940
0.402
0.407
0.36
0.262
0.464
0.317

0.900
0.593
0.658
0.645
0.341
0.327

0.837
0.728
0.53
0.409
0.466

0.942
0.646
0.336
0.352

0.963
0.319
0.362

0.958
0.694

0.954
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Table 3
Sample T-Test Results. ***p < 0.001, **p < 0.01, *p < 0.05, +p < 0.10.
Construct

Group

Mean

SD

t-value

P-value

Eﬀect size (Cohen's d)

Learning Outcome

control
treatment
control
treatment
control
treatment
control
treatment
control
treatment
control
treatment
control
treatment
control
treatment
control
treatment
control
treatment

8.563
10.969
4.156
5.083
2.734
3.484
4.302
4.594
4.703
5.172
3.484
4.375
3.979
4.385
4.531
5.313
4.281
5.031
4.906
3.75

4.399
3.848
1.273
0.776
1.079
1.542
1.048
1.646
1.033
1.099
1.247
1.54
1.206
1.336
1.518
1.306
1.524
1.42
1.51
1.459

2.329

0.023*

0.58

3.518

0.001***

0.88

2.254

0.028*

0.56

0.846

0.401

0.21

1.759

0.084+

0.44

2.542

0.014*

0.64

1.277

0.206

0.32

2.207

0.031*

0.55

2.037

0.046*

0.51

−3.115

0.003**

−0.78

Perceived Autonomy
Perceived Competence
Engagement

Enjoyment
Immersion
Temporal disassociation
Curiosity

Motivation

Trying (Game)
Trying (Learn)

Perception of System

Thus, the high learning gains of the treatment group show that performance contingent-rewards produced statistically signiﬁcant
learning enhancement.
To further understand the reason behind the learning gain, the system log data were analyzed in three categories for each subject
including the number of sessions, the number of words exposed during the experiment and the time spent in the study section. The
number of exposed words was calculated by counting the number of words from the pre-test to post-test each user studied in the
system during the experiment. The results show that there were no statistically signiﬁcant diﬀerences in the number of sessions
(treatment: 23.44 times vs. control: 19.41 times, t = 1.19, p = 0.24 ) and the number of words exposed (treatment: 13.31 times vs.
control: 13.59 times). However, the time spent in the study section showed a statistically signiﬁcant diﬀerence (treatment: 10,762 s
vs. control: 3,322 s, t = 2.21, p < 0.05). In sum, the results show that, despite not being more exposed or using the system more often,
the subjects in the treatment group spent signiﬁcantly more time studying the materials. As a result, subjects in the treatment group
have achieved higher learning, as reﬂected in the learning outcome.
5.3. Perceived autonomy and perceived competence
The perceived autonomy of the treatment group (M = 5.083, SD = 0.776) was found to be signiﬁcantly higher than the control
group (M = 4.156, SD = 1.273) with t = 3.518, p = 0.001. The perceived competence of the treatment group (M = 2.734,
SD = 1.079) was also found signiﬁcantly higher than the control group (M = 3.484, SD = 1.542) with t = 2.254, p < 0.05. The results
indicate that the treatment group perceived to have more control over the result of the task and to develop more competence than the
control group, consistent with SDT (Ryan & Deci, 2000). For the users in the control and treatment groups alike, the perceived
competence scores are below the middle point (3.5), showing that the participants overall felt that the game was not easy.
5.4. Engagement
Among the four categories of the engagement (enjoyment, curiosity, immersion and temporal disassociation) measures, immersion and temporal disassociation showed to have a statistically signiﬁcant increase in the treatment group. For immersion, the
treatment group (M = 5.172, SD = 1.099) and the control group (M = 4.703, SD = 1.033) showed marginally signiﬁcant diﬀerence
with t = 1.759, p < 0.1. For temporal disassociation, the treatment group (M = 4.375, SD = 1.540) and the control group
(M = 3.484, SD = 1.247) showed a statistically signiﬁcant diﬀerence with t = 2.542, p < 0.05. However, enjoyment
(t = 0.85, p = 0.4 ) and curiosity (t = 1.28, p = 0.21) did not result in a statistically signiﬁcant diﬀerence. While the system did not
provide a higher level of enjoyment and curiosity to the subjects, it can be explained by the fact that the two groups were given the
same game and the same learning contents. The diﬀerences in the experience for the two groups may have been subtle. The higher
level of immersion and temporal disassociation experienced by the treatment group shows that there was a certain enhanced level of
hedonic experience induced by the performance-contingent rewards.
5.5. Motivation
The treatment group (M = 5.031, SD = 1.420) showed a signiﬁcant increase in trying to learn compared to the control group
(M = 4.281, SD = 1.524). The diﬀerence between the two groups was statistically signiﬁcant with t = 2.037, p < 0.05. For trying to
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game, the treatment group (M = 5.313, SD = 1.306) was higher than the control group (M = 4.531, SD = 1.518), with a statistically
signiﬁcant diﬀerence when assessed under t-test with t = 2.207, p < 0.05. The results indicate that the treatment group had a stronger
eﬀort level and motivation to do well for both learning and gaming compared to the control group. The performance-contingent
reward intervention seems to have successfully motivated the subjects to try harder in the learning task for the reward.
5.6. Perception of system
For the perception of the system, treatment group (M = 3.750, SD = 1.459) reported a lower score than the control group
(M = 4.906, SD = 1.510). The diﬀerence was statistically signiﬁcant for p < 0.01 with t = −3.115. The results indicate that the
treatment group perceived the system to be more of a game than an educational system whereas the control group perceived the
system to be more of an educational system than a game.
6. Qualitative results
A series of interviews were conducted after the 3-day experiment to develop further insights on how users experienced each
reward type. In general, the treatment group with the performance-contingent reward showed a more positive response and elaborated more on the reasons why they wanted to perform well in both learning and gaming.
6.1. Response to rewards
The subjects from the control group with the completion-contingent reward showed some positive responses toward the rewards.
One subject stated “In order to play the game again, I had to redo the studying and it got me going (P4).” The subject showed that the
motivation to play the game positively drove the subject to repeat the activity. However, as one subject explicitly commented, “As I
noticed that the studying had nothing to do with the game, I became lazy” (P6), the minimum connection between the game section and
the learning section was often not enough to make the users in this condition persevere.
The subjects from the treatment group with the performance-contingent reward showed that the rewards were directly responsible for the positive experience. A subject pointed out “If I performed better at the test, I got more items so that was really exciting”
(P1) and “The items in the game made me feel like I should study more to get better ones.” (P2). The subjects from the treatment group
showed a clear understanding of the connection between the game section and the learning section while expressing much more
positive responses towards the learning activity.
The diﬀerent responses towards their rewards shown by the two groups highlight how a meaningful reward can induce a more
positive attitude towards both learning and gaming in an extrinsic integration setting.
6.2. Eﬀort
The subjects in each group clearly reﬂected diﬀerently in their level of eﬀort for performance. Namely, when compared with the
control group, a relatively smaller number of subjects in the treatment group indicated that they put little eﬀort into performance. For
the control group, 13 subjects (40.6%) expressed similar to “I didn't put any eﬀorts” and 3 subjects (9.3%) indicated similarly for the
treatment group. The results highlight how a completion-contingent reward can lack the ability to induce eﬀort as users were only
required to complete an activity. In contrast, performance-contingent reward induced the users to put conscious eﬀort to perform
well to gain the provided rewards.
6.3. Being more strategic
The treatment group responded with long and detailed responses in terms of their strategy with the learning section. Getting good
grades was one of the strategies took by one of the subjects. A subject in the treatment group stated, “It was crucial to get good grades in
the learning section because the arrows with abilities were critical in getting high scores” (P2). Some of the other subjects were more
concerned about the speed of learning and how it aﬀected their learning strategies. One subject said “I studied the list from the learning
instead of the cards, that way I could go through the vocabulary much faster and play the game more often” (P7) while another responded “I
studied quickly to ﬁnd out the words I don't know, that way I could get through the learning quickly and get high grade. After that, I
concentrated on the game.” (P8). There was a general agreement towards the fact that they had to study quickly and get as many
questions right as possible in order to be able to concentrate and get good scores in the game. There were even strategies where a
subject got a question wrong on purpose. In the control group, most of the responses on the eﬀort level were towards only the
mechanical aspect of the game, as subjects respond “I tried to time the release as carefully as possible” (P9) or “I checked the wind” (P4).
The responses are an indication of how the link between learning and gaming made by performance-contingent rewards allow the
users to encompass both learning and gaming into consideration for better performance. On the other hand, completion-contingent
reward creates more distinction between learning and gaming, resulting in a partition of activities.
7. Discussion
The ineﬀective designs of extrinsic integration have left the premise that extrinsic integration is less eﬀective than intrinsic
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integration in the ﬁeld of game-based learning (Habgood & Ainsworth, 2011). Yet extrinsic integration can address speciﬁc problems
of intrinsic integration and an appropriate deployment can be educationally beneﬁcial (Preist & Jones, 2015). The current study
addresses the lack of available studies in further improving extrinsic integration by examining alternative integration mechanisms performance-contingent reward as opposed to completion-contingent reward. Prior studies on extrinsic integration designs adapted a
reward structure known as a completion-contingent reward, which only requires the user to complete a given task for the reward
without any regards to the level of performance. Such reward structure limited the user's willingness to put eﬀort into the learning
activity, diminishing the system's eﬀectiveness to educate. The current study employed a new reward structure, known as a performance-contingent reward, to provide a strong incentive for the user to try harder and to perform better, on the theoretical bases of
CET and SDT. The results are encouraging as there are signs of improvement for learning and motivational outcomes.
7.1. Learning outcome
The current study found statistically signiﬁcant evidence that performance-contingent rewards are superior to completion-contingent rewards for learning. The diﬀerence in the post-test scores between the two groups showed to be signiﬁcantly diﬀerent, while
the pre-test scores showed no diﬀerence. The results demonstrate that extrinsic-integration designs can be further improved with a
diﬀerent reward structure. This prospective is encouraging especially because the rewards provided in the current study diﬀer in type
from those of successful previous studies (Habgood & Ainsworth, 2011; Preist & Jones, 2015). A combination or multiple reward
structures could be further studied to ﬁnd synergy and extend the research on extrinsic integration.
A possible explanation for the improved learning could be the increased level of motivation and eﬀort level, indicated by the
measure trying to learn. The level of trying of the treatment group was signiﬁcantly higher than that of the control group. The results
reﬂect the level of eﬀort and motivation the user had in the learning activity (Ahuja & Thatcher, 2005). The evidence suggests that
providing an incentive to perform well in the learning task can successfully motivate the users to put more eﬀort and perform better
in a game-based learning context. This explanation is further supported by the system usage data, as subjects from the treatment
group spent more time studying compared to the control group. Especially considering that the treatment group did not have more
exposure to the words from the pre-test to the post-test or to the number of sessions using the system, the increased level of learning
observed should be interpreted with a signiﬁcantly higher level of eﬀort put into the actual studying.
There were some users who were disinterested from playing the game even though they belonged to the treatment group. A low
level of eﬀort was shown and the reward consequently failed to motivate those users. These exceptions are consistent with the selfdetermination theory (Ryan & Deci, 2000), which postulates that the external rewards can work diﬀerently depending on the level of
internalization. The explanation provides useful practical advice, where extrinsic integration designs should be accompanied by a
veriﬁcation of user's interest in the game.
7.2. Motivation
A key success factor of game-based learning is whether the users were engaged with the system and was motivated to partake in
the activity. The results from the current study show that the users from the treatment group were more immersed and more
temporarily disassociated than those from the control group. The engagement level is also shown higher in the measure trying to
game, as the treatment group reported to have tried more to perform well in the game activity than the control group. One possible
explanation for the enhanced eﬀort level and engagement can be found from the cognitive evaluation theory (Deci et al., 2001). As
the CET states, when the reward provides enough competence information to suﬃciently negate the controlling eﬀect, the motivation
for the activity would be positively inﬂuenced. A possible explanation for the higher level of perceived competence and autonomy in
the treatment group could be that the performance-contingent rewards were successful in delivering suﬃcient competence information, thereby allowing the reward to positively inﬂuence the motivation of the users.
A possible explanation of why subjects in the treatment group were more likely to perceive the reward as competence information
may be due to the meaningful link between learning and gaming. As the qualitative results clearly indicate, the treatment group built
a clearer connection between the two activities in terms of overall performance. Therefore, the rewards provided for their performance in the learning activity not only indicated their learning achievement but also developed a meaningful chance to perform well
in the game. In contrast, the control group built a distinction between the two activities, which limited the contribution of the reward
to the overall performance. Therefore, while the reward was an indication of competence for successful completion of the learning
activity, the limited contribution it made to the game prevented it from motivating the subjects more positively.
7.3. Perception
The users' perceptions of the system, which can alternate between game and learning, presented intriguing ﬁndings in terms of
both quantitative and qualitative results. The current study measured the user's perception of the system type, whether it to be a game
or an educational application, as an operational measure to see the game's quality (Salomon, 1984). The results showed that the two
groups demonstrated a statistically signiﬁcant diﬀerence in their perception of the system. The treatment group perceived the system
to be more game-like whereas the control group perceived the system to be more educational. These contrasting perspectives were
also observed in the qualitative interview, where the users from the treatment group elaborated that they accepted the learning task
as a part of the game, as a preparation stage, while the users from the control group identiﬁed the game as a reward and an enjoyable
extra activity. However, there are no other empirical studies that address this particular condition in game-based learning other than
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the study by Vandercruysse (Vandercruysse et al., 2013), who brieﬂy mentions the phenomenon in their work. Other ﬁelds such as
child education have evaluated similar concepts and demonstrated its link with the emotional well-being of children (Howard &
McInnes, 2012). While the speciﬁc reason for the diﬀerence in the perception of system is beyond the scope of the current study, the
ﬁnding poses an important point to consider for game-based learning research. Prior work in game-based learning had an underlying
assumption that users would view and respond to the game-based learning system as the researchers had intended (Braghirolli,
Ribeiro, Weise, & Pizzolato, 2016; Ronimus et al., 2014). However, the results from the present study suggest that such assumptions
maybe prematurely made and require further attention to understanding how it inﬂuences the users in response to a game-based
learning system.
7.4. Design implications
7.4.1. Extendable design
One of the key advantages of extrinsic integration is its highly extendable design nature due to the independent context in which
learning and gaming are conducted. The current study focused on a reward structure that was designed to integrate the two diﬀerent
contexts with the objective of a higher level of learning while maintaining the enjoyment of the game. The current design can be
easily extended to other subject domains of education and other gaming materials. There need to be considerations of the format in
which the new subject domain is studied and the reward structure that can be suited for the particular game design. However, the
implementation would be vastly simpler compared to designing an entirely new game-based learning system based on intrinsic
integration. Furthermore, speciﬁc types of educational domains will be much more appropriate for extrinsic integration. For example,
subjects that require practice and repetition, such as mathematics and languages, are best suited for the current design. Also, activities such as exam preparation could be complemented by the current design strategy.
7.4.2. Maintaining a fun environment
The ﬁndings from both quantitative and qualitative data point to one fundamental requirement for the current design to be
successful - making the game fun. A key component of the current design's success is given through the rewards that are meaningful to
gameplay, thus providing a strong incentive for the users to put the eﬀort in the learning stage. Maintaining a fun environment is a
particularly important consideration for future designs, as it would signiﬁcantly alter the development of future systems. For example, subject materials that require a longer period to study or require multiple stages of progression would be too long to maintain
a level of fun for a simple game. Along with the extended materials, the game would require a deeper design for it to remain fun and
keep balance with them. Utilizing a game design that can be engaging for a lengthy period, such as online competition or highly
randomized tasks would be necessary to fully beneﬁt from current design in diﬀerent educational and game environments.
7.4.3. Empowering the users
While common extrinsic rewards such as trophies and badges have their own value among users, their lack of direct contribution
to a meaningful experience limits their inﬂuence on users. The current study designed the reward structure based on the motivational
theories by Ryan and Deci (Ryan & Deci, 2000), in a way that it can positively inﬂuence the user's autonomy and competence. A
reward that directly alters the gameplay, where the users perceive their chances of performing better in-game becomes higher,
showed positive inﬂuences on their level of trying in both game and education. It would be particularly important for future designs
of similar systems to focus on the discovery of what is meaningful in the game, and what rewards can empower the users to achieve
their meaningful objective.
7.5. Limitations and future opportunities
There are several limitations to this study that should be considered along with the interpretation of the results. First, the study
was conducted on a short-term period of three days. Although statistically signiﬁcant learning improvements have been observed in
the experiment, the short time period of the experiment limits the interpretation of the result to a short-term knowledge gain. In
future research, conducting an experiment for a longer term or conducting a test after a delayed period of time to examine the
subject's retention of the learning material may provide more robust results.
Second, the subjects were recruited voluntarily and they may not necessarily represent the behavior of the population. Thus, the
results from this study may require a further study to identify the eﬀect of the treatment in a non-voluntary setting.
Finally, the level of diﬃculty in the vocabulary was not controlled and was not incremental. The set of 2000 GRE English
vocabulary may be more diﬃcult than what the subjects were accustomed to. Although the eﬀects of a ﬁtted diﬃculty were not
within the scope of this study, diﬀerent categories of vocabulary to provide a variety of diﬃculty may have been more approachable
and encouraging to some subjects. A future study may beneﬁt from analyzing how diﬃculty in learning material can inﬂuence the
experience of game-based learning.
Notwithstanding these limitations and future opportunities, it should be noted that the current study successfully demonstrated
the eﬃcacy of performance-contingent rewards in creating synergistic eﬀects of game and learning by meaningfully connecting the
two distinct but indispensable components of game-based learning. Our ﬁndings show that the seemingly two opposing forces, or
foes, of game-based learning (i.e., game and learning) can not only live in harmony but also help each other. The results are further
encouraging as the integration strategy is rapidly applicable to many other learning domains, without requiring the intricate mash-up
of educational elements within the gaming scenarios.
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Appendix A. Supplementary data
Supplementary data to this article can be found online at https://doi.org/10.1016/j.compedu.2019.04.016.
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