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Abstract
In a game-based learning (GBL) environment for seventh-grade students, this study inves-
tigated the impact of competition, engagement in games, and the relationship between the 
two on students’ in-game performance and flow experience, which, in turn, impacted their 
science learning outcomes. Structural equation modeling was employed to test a hypoth-
esized path model. The findings showed that students’ engagement in games not only pre-
dicted their in-game performance, but also had an impact on science learning outcomes 
via the mediation of in-game performance. While competition alone did not have a direct 
effect on either in-game performance or flow experience, it was indirectly related to in-
game performance via the moderation of students’ engagement in games. The study con-
cludes with implications for future GBL interventions and studies.

Keywords Game-based learning · Engagement · Flow · Competition

Introduction

Game-based learning (GBL) has become prevalent in many subject areas. For younger 
generations, games are fun, enjoyable, and motivating. Several studies have claimed that 
GBL affords observations, challenges, situated learning, cognitive apprenticeship, and 
problem-solving, which all lead to the improvement in cognition, learning performance, 
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and motivation (Connolly et al. 2012; Sánchez and Olivares 2011). In science education, 
gaming environments also showed promising results in contextualizing science processes, 
which could be a challenge in the traditional classroom. For example, Quest Atlantis 
(Barab et al. 2007), River City (Ketelhut et al. 2007), and Crystal Island: Outbreak (Niet-
feld et  al. 2014) have successfully used rich narrative settings to contextualize inquiry-
based learning.

While GBL can stimulate motivation for learning, the specific elements in GBL that 
trigger self-initiated and optimal learning require further empirical investigations (Huiz-
enga et al. 2009; Vandercruysse et al. 2013). Considered by some as an indispensable game 
element, competition has attracted the attention of many researchers (Cagiltay et al. 2015; 
Williams and Clippinger 2002). Yet, due to competition’s multifaceted nature, research to 
date has not reached univocal results on the role of competition in GBL.

While GBL has been broadly implemented as a context for learning, the existing litera-
ture focuses more on GBL’s impact on learning outcomes than on the processes of GBL. 
Players’ in-game performance, for example, can serve as a window to examine the game-
play process (e.g., Nietfeld et al. 2014). Empirical examinations of learners’ in-game per-
formance may provide insights into and implications for the design of effective GBL. Moti-
vated by this prospect, this paper first introduces and synthesizes the literature on GBL and 
its relevant constructs, including competition, engagement, and game flow experience; we 
then propose research questions that were intended to examine the relationships between 
the aforementioned constructs and learners’ performance both in and after games; after 
describing the adopted research methods, we report key findings and conclude with a dis-
cussion of implications for theory and practice.

Theoretical background

GBL for learning and motivation

In GBL, learners acquire knowledge and achieve a variety of learning objectives from play-
ing games. A game is an organized play environment that includes elements such as rules, 
interaction, goals and objectives, outcomes and feedback, story, and competition (Ke 2016; 
Wouters et  al. 2013). Due to games’ motivational appeal (Malone 1981), GBL is often 
believed to have the potential to facilitate both the cognitive and affective/motivational pro-
cesses of learning (Ke 2016; Wouters et al. 2013).

Several meta-analyses appear to agree that GBL leads to improved learning outcomes 
(e.g., Sitzmann 2011; Vogel et  al. 2006; Wouters et  al. 2013). On the other hand, some 
studies on specific subject areas drew different conclusions. For example, after reviewing 
more than three hundred studies, Young et al. (2012) concluded that the literature lacked 
support for the academic value of games in math and science learning. The finding calls 
for more rigorous studies to examine the effects of GBL in science education, which this 
study chose to focus on. In examining the effects of GBL, most studies focused on the 
learning outcomes at the completion of gameplay while learners’ in-game performance 
has been largely ignored (e.g., Huang 2011; Hwang et al. 2012) with only few exceptions 
(Admiraal et al. 2011; Nietfeld et al. 2014). With the advancement of technology, in-game 
performance can often be tracked and analyzed to provide valuable insights into the GBL 
process that leads to the ultimate learning outcome (Cheng et al. 2015). Accordingly, this 
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study incorporated into its investigation learners’ performance in the process of playing a 
science-based problem-solving game.

Games may motivate learners to spend more time exploring and studying than they 
would otherwise (Alessi and Trollip 2000), but empirical evidence for the motivational 
benefits of GBL has been much less conclusive than that for its cognitive benefits. While 
some contend that GBL facilitates motivation across different learners and learning situa-
tions (e.g., Ke 2009; Papastergiou 2009; Tüzün et al. 2009; Vogel et al. 2006), others did 
not find strong evidence. For example, a recent meta-analysis by Wouters et al. (2013) con-
cluded that GBL was effective for learning, but not for motivation.

A few authors’ discussions offer some insight into why GBL does not always lead to 
high levels of motivation. Chen and Law (2016) reasoned that the effects of GBL might 
vary with the nature of learning activities: when the activities are not engaging or too dif-
ficult, learners may lose the motivation to continue. This discussion points to an impor-
tant construct that gauges learners’ motivation in gameplay-flow (Csikszentmihalyi 1990), 
which is a state when an individual feels intrinsically motivated to do something. Analyz-
ing GBL’s lack of motivational benefits from another angle, Wouters et al. (2013) suggested 
that GBL is different from leisure game playing: While leisure game players can choose 
when and what games to play, students in GBL often do not have a similar sense of control, 
which may lead to a lack of motivation. Considering the realistic constraints of GBL, we 
believe that learners’ engagement indicators in gameplay may provide an additional lens to 
complement such motivational constructs as flow. Together, flow and engagement indica-
tors may provide a more comprehensive view of the motivational aspect of GBL.

Echoing other researchers (Vandercruysse et al. 2013), we argue that a fruitful direction 
for GBL research is to investigate GBL’s impact mechanism by teasing out the effects of 
specific game elements instead of treating GBL as a homogeneous whole. In Ke’s (2009) 
qualitative meta-analysis, most of the reviewed studies examined GBL as a package, except 
for only a few that investigated the effects of individual GBL elements or features. Com-
petition, for instance, is an element often introduced in games to engage learners, but it 
is unclear how the presence of competition affects GBL processes and outcomes (e.g., 
Admiraal et  al. 2011; Vandercruysse et  al. 2013). Therefore, one purpose of the current 
study was to examine the impact of competition as an element of GBL.

The remainder of this section provides a detailed review of the constructs examined in 
this study: Competition as a GBL element, learners’ engagement as a productive lens to 
examine GBL, and flow as a motivational gauge in GBL.

Competition in game‑based learning (GBL)

Although not all theorists agree that competition is a defining characteristic of GBL (Wout-
ers et  al. 2013), it is frequently integrated in GBL (e.g., Cagiltay et  al. 2015). From the 
lens of social interdependence theory, competition has been historically viewed as a nega-
tive force in learning environments (Johnson and Johnson 1989). Recently, however, social 
interdependence theory has been expanded to explore how competition can play a con-
structive role in learning (Johnson and Johnson 2009). Specifically, Johnson and Johnson 
(2009) suggested that clear, specific, and fair rules and procedures could help make compe-
tition more constructive. Since rules and procedures are inherent in games, competition in 
the context of GBL can potentially benefit learning.

Competition in GBL can take many forms. Learners can compete with themselves, the 
game system, other players, other teams, or a combination of these elements (Alessi and 
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Trollip 2000; Fisher 1976; Yu 2003). Due to the social reward or punishment associated 
with winning or losing (Foo et al. 2017), competition can make GBL activities more game-
like (e.g., Ke and Grabowski 2007). With competition, learners are likely to be motivated 
and demonstrate attention, effort, and excitement (Cheng et al. 2009; Malone and Lepper, 
1987). Empirical research has yielded mixed findings regarding the effects of competi-
tion in GBL. For example, in Cagiltay et al. (2015) study, competition in the form of see-
ing other players’ scores enhanced students’ learning and motivation in GBL. Similarly, 
(Admiraal et al. 2011) found that the extent to which student teams engaged in competing 
with other teams positively influenced learning outcomes. On the other hand, other stud-
ies reported competition’s lack of effect on learning or motivation, in the case of compet-
ing with other players by seeing others’ scores (e.g., ter Vrugte et al. 2015) and compet-
ing against a virtual player (e.g., Vandercruysse et al. 2013). Some researchers argue that 
competition can force learners to focus more on winning than the educational content of 
GBL, thus weakening their intrinsic motivation to learn (ter Vrugte et al. 2015; Van Eck 
and Dempsey 2002). As a result, competition may negatively impact students’ self-efficacy 
beliefs, motivation, and performance (Bandura and Locke 2003).

Several reasons might have caused the conflicting findings regarding the effects of com-
petition. First, as described earlier, competition takes various forms. Although not many 
studies to date examined the role of competition in the GBL context, among those that 
did, various forms of competition were implemented. For example, in some studies, com-
petition was in the form of seeing fellow players’ scores (e.g., Cagiltay et  al. 2015; ter 
Vrugte et al. 2015); in other studies, students competed with a virtual player in the gaming 
system (e.g., Vandercruysse et al. 2013; Van Eck and Dempsey 2002); in still others, play-
ers competed in teams to beat and take over other teams (e.g., Admiraal et al. 2011). The 
various forms of competition were likely to trigger different cognitive processes and gam-
ing behaviors, which could impact learners’ motivation and learning differently. Indeed, in 
explaining why their study found a positive effect of competition whereas Vandercruysse 
et al. (2013) did not find any effect, Cagiltay et al. (2015) attributed to the different forms 
of competition in the two studies (competing with fellow players vs. a virtual player). To 
clarify the impact of competition, the current study focused on one type of competition 
similar to that implemented in Cagitay et al. (2015), where students individually competed 
with each other by comparing their own game performance with that of other players.

Even with the same form of competition, it may still not have a universal effect. Compe-
tition may interact with other factors to influence performance and motivation in GBL. For 
example, van Eck and Dempsey (2002) found that the effects of competition in GBL varied 
as a function of students’ access to contextual help within games. Due to its potential inter-
action with other factors, it becomes helpful to examine competition through additional 
lenses. In this study, we chose learners’ engagement in gameplay as an additional lens to 
examine competition in GBL. The next section provides a review of engagement in GBL 
and discusses its potential interaction with competition.

Engagement in GBL and potential interaction with competition

Engagement in learning has received increasing attention in the past two decades (Fre-
dricks et  al. 2016). In their seminal work, Fredricks et  al. (2004) distinguished three 
dimensions of engagement: behavioral, cognitive, and emotional engagement. Behavio-
ral engagement is related to learner behaviors such as participation, attention, effort, and 
persistence; cognitive engagement is shown in levels of investment or self-regulation in 
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learning; emotional engagement has to do with negative or positive reactions associated 
with learning. Enhanced engagement has a positive impact on learning (e.g., Corno and 
Mandinach 1983; Huizenga et al. 2009; Miller et al. 1996). The same positive impact on 
learning has also been found in the context of GBL (e.g., Eseryel et al. 2014).

While engagement is an important factor in successful GBL, its measurement has 
mainly relied on self-report psychometric questionnaires (e.g., Hamari et al. 2016). For 
example, a widely used engagement scale was developed by Fredricks et al. (2005) to 
measure behavioral, cognitive, and emotional engagement in schools. Other research-
ers measured student engagement using Keller’s (1993) motivation lens which consists 
of four dimensions: attention, relevance, confidence, and satisfaction (Lee and Spector 
2012). However, there are inherent issues with self-report engagement instruments, such 
as the lack of immediacy between recalls and the actual events (e.g., Greene 2015). 
Other measurements of engagement in GBL include observational protocols (e.g., 
Annetta et al. 2009; Huizenga et al. 2009) and behavioral data (e.g., Eseryel et al. 2014). 
We argue that behavioral data can provide an objective lens to examine engagement 
in GBL. In this study, we used students’ number of attempts in playing a game as a 
proxy of engagement. A high number of attempts suggests a willingness to try and a 
high level of engagement. When students engage in repeated attempts, the effort may 
show a connection to their flow experience, in-game performance, and learning out-
comes. It is worth noting that the number of attempts in gameplay represents a facet of 
behavioral engagement, which is different from cognitive engagement. While cognitive 
engagement may show in students’ use of strategies in attempting a game, behavioral 
engagement focuses on effort. Although repeated attempts may not be strategic, they 
show engagement in the form of investing effort, not giving up easily. This conceptual-
ization is in line with recent research on student engagement in math and science, where 
behavioral engagement was measured with items such as “I put effort into learning,” or 
“If I don’t understand, I give up right away” (Fredricks et al. 2016; Wang et al. 2016).

Various features have been applied to increase engagement in GBL, such as feed-
back, challenges, and interactions (Gee 2005; Rieber 1996). Competition is also fre-
quently used to promote learners’ engagement in GBL (e.g., Malone and Lepper 1987). 
Plausibly, with its goal-oriented nature towards winning (Hong et al. 2009), competition 
is likely to increase engagement. However, it is not always the case. For example, learn-
ers were found to lack engagement or did not put in effort when they saw their competi-
tors won consistently (Cheng et al. 2009). One may speculate whether the presence of 
competition would lead to engagement behaviors that are different from those without 
competition. Research provides some support for this speculation. Competition has been 
found to induce performance goals (Ames and Ames 1984; Lam et  al. 2004). In the 
GBL context, Chen et al. (2018) found that students in non-competition groups tended 
to adopt learning goals, whereas those in competition groups were likely to adopt per-
formance goals. The literature on goals theory has clearly established that performance-
goal and learning-goal oriented learners demonstrate different learning strategies, cog-
nitive processing patterns, and persistence levels (e.g., Ames and Archer 1988; Greene 
and Miller 1996; Vansteenkiste et al. 2004). As such, it became worthwhile to examine 
whether there is a relationship between competition and students’ engagement in GBL 
settings.

While attempting to examine the effects of competition and engagement on learners’ 
performance, we also considered how the two constructs impact motivation, which was 
operationalized in this study as learners’ flow experience in the process of playing a game. 
The next section provides a review of flow.
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Flow experience in GBL and its relationship with competition and engagement

GBL has been considered as an approach to encouraging positive affect, engagement, 
and motivation (e.g., Ke 2009; Sitzmann 2011; Vogel et  al. 2006). Various empirical 
studies suggested that games could lead to flow experience (e.g., Kiili 2006; Jayakan-
than 2002; Sweetser and Wyeth 2005). Flow is the ultimate outcome of deep engage-
ment in activities. In the current study, students’ flow experience was considered as the 
process variable that played a motivational role in the learning process (Seligman and 
Csikszentmihalyi 2000).

Gameplay allows the player to undergo a feeling of pleasure and satisfaction (Csiksze-
ntmihalyi 1975). Many researchers have examined the factors that influence flow experi-
ence, such as motivation (Wan and Choiu 2006) and self-regulation (Chen and Sun 2016). 
While existing literature argues that games increase the flow experience in the learning 
process (Sitzmann 2011; Tennyson and Jorczak 2008), others suggested additional lenses 
to examine the impact of games on flow experience (Wouters et  al. 2013). Engagement 
is considered one of those lenses (e.g., Chen and Law 2016). In addition to engagement, 
competition is another factor that may trigger flow experience in GBL (Jayakanthan 2002). 
Admiraal et al. (2011) found that when students were distracted from a game, they were 
less likely to engage in group competition. In the current study, we hypothesize that com-
petition and engagement in games may enhance students’ flow experience.

Meanwhile, much research has explored the impact of flow experience on learning 
outcomes in GBL (e.g., Inal and Cagiltay 2007; Sun et al. 2017). Pearce et al. (2005) 
found that flow experience enabled learners to achieve higher levels of performance. 
Flow was also found to significantly predict perceived learning and enjoyment (Barzilai 
and Blau 2014). On the other hand, Admiraal et al. (2011) found that flow had no effect 
on learning outcomes. In this study, we hypothesized that learners who have achieved a 
flow state in GBL would focus on game activities and proactively face challenges, lead-
ing to better learning outcomes.

Purpose of the study and research questions

The purpose of the study was to explore the roles of engagement and competition in stu-
dents’ in-game performance and flow experience in GBL, which in turn would influence 
learning outcomes. Figure 1 depicts the proposed theoretical model of the study.

Specifically, we asked the following research questions:

1. Do competition and learners’ engagement affect their in-game performance?
2. Do competition and learners’ engagement affect their flow experience?
3. Does learners’ engagement moderate the relationship between competition and learners’ 

in-game performance?
4. Does learners’ engagement moderate the relationship between competition and learners’ 

flow experience?
5. Does learners’ engagement influence science learning outcomes via the mediation of 

in-game performance and flow experience?
6. Does competition influence science learning outcomes via the mediation of in-game 

performance and flow experience?
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Methodology

Participants

Four intact classes of 114 seventh-grade students (55 females and 59 males) from a middle 
school in central Taiwan participated in this study. The students were randomly assigned 
to either a competition or a non-competition group. Prior to the study, participants were 
informed that their participation was voluntary. They had the freedom to stop participat-
ing at any time, and participation or non-participation would not affect their grades. Both 
groups showed equivalent prior knowledge of the target science content in this study.

Features of SumMagic

A central component of this study was a problem-solving game named SumMagic, which 
is a science learning game grounded in the constructivist learning approach. The science 
concepts covered in this game included time, distance, position, and velocity. The specific 
learning objectives were for students to (1) observe the timeline of an object’s movement, 
(2) identify an object’s moving distance, (3) define speed as a scalar quantity that involves 
a magnitude, and (4) calculate an object’s speed from its moving distance and time data. 
The game scenario was situated in a village that was under attack by a hoarding dragon. 
Players were charged with ensuring the village’s food supply. During the process, they 
were presented with various challenges or problems. The problems had two levels. Play-
ers had to solve basic-level problems to activate advanced-level problems. An example 
basic-level problem required players to find out the speed at which relief food could arrive 
in 20 minutes to a destination that was 500 meters away. An example advanced problem 
asked students to determine the time needed for a particular type of food to appear in a 
sequence. Players had a variety of tools to facilitate problem solving, including a timer, a 
ruler, a notebook, and a calculator. In addition, players could request procedural guidance 
if they were unsure of what to do. As seen in Fig. 2, players could select the non-player 
character (NPC; on the left) to access the procedural guidance, which served to scaffold 
player’s problem solving and direct their efforts to complete a specific cognitive task. After 

Fig. 1  The proposal theoretical model
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reading the guidance, players can try to put down their answers for the procedural guidance 
by clicking on the NPC (on the right).

As students worked on solving problems, they could collect stars which would earn 
them points. As shown in Fig.  3, when they successfully solved a basic problem, they 
would receive one star. If they then solved an advanced problem, they would receive the 
second star. They were able to earn the third star if they solved both the basic and advanced 
problems with only one failed attempt or no failed attempt at all. Upon completion of the 
game, a final scoreboard would appear. The only difference between the competition and 
the non-competition groups was in the final score dashboard: while the non-competition 
group only saw their own final scores (Fig. 3), the competition group could additionally see 
those peer players who ranked top five in final scores and completion time, with their own 
rankings in comparison (Fig. 4).

Operationalization and measurement of the variables in the study

Engagement

In this study, we used students’ number of attempts at playing the game as a proxy to meas-
ure their engagement. Specially, the number of attempts by each student throughout the 
duration of the game was tracked and recorded. Higher numbers of attempts infer higher 
levels of engagement.

Hints: Number 1 (out of 3)
I found...the time interval for the food appears is ____ 

seconds. 

In order to know the actual speed, you will need to 
observe the time interval where each food appears. In 
the speed rate of number five, please reset your time 

and observe the time interval when each food is made.

Fig. 2  Screenshot with procedural guidance presented
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The box showed the total time spent in the game, the 
total number of times wrong answers were made, the 
number of times using the timer, and the points the 

student received.  Two buttons at the bottom to allow 
the students to close the game or play again.

Fig. 3  The scoreboard for the non-competition group, without rankings upon the completion of gameplay

The completion time of the top 
five players as well as the 

completion time of the player. 

The ranking of the top five 
players as well as the 
ranking of the player. 

Fig. 4  The scoreboard for the competition group, with rankings upon the completion of gameplay
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Competition

Competition was operationalized through the experimental design. The non-competition 
group, where students only saw their own performance in the scoreboard, was coded as 
0 for further data analysis. The competition group, where students saw both their own 
scores and rankings of top players, was coded as 1 for subsequent data analysis. Accord-
ing to Kline (2011), it is appropriate to model dichotomous variables as predictors in 
path analysis. Thus, competition, a dichotomous variable in this study, was incorporated 
as a predictor in the proposed path model.

Engagement × Competition interaction

Research questions 3 and 4 sought to find out whether engagement moderated the rela-
tionship between competition and learning (in-game performance and flow). To address 
the questions, we followed the suggested practice of multiplying the independent vari-
able and the moderator to create an interaction term in the proposed model (Cohen et al. 
2003; Gefen et al. 2011; Kline 2011). As suggested by Kline (2011), we first centered 
the competition variable by subtracting the mean value from it, and then multiplied the 
centered competition with the engagement variable to create the interaction term.

In‑game performance

In-game performance was calculated based on the number of stars students collected 
and the number of times they used the timer during gameplay. As described earlier, 
when students solved a basic problem, they obtained the first star. When they solved an 
advanced problem, they obtained the second star. If they solved both the basic and the 
advanced problems with one or less failed attempt, they would earn the third star. The 
one, two, or three stars would earn students 200, 300, or 500 points, respectively. In 
addition to the points earned through the collection of stars, the in-game performance 
also included up to 50 bonus points. The calculation of the bonus points worked as fol-
lows: 50–(2 × number of timer clicks). For example, if a student used the timer 16 times, 
the student would receive 18 bonus points. If students played multiple times, the game 
would record their highest scores.

Flow experience

The measurement of the flow experience in the current study was adopted from Kiili 
(2006). The instrument measured four key flow dimensions: Concentration, loss of 
self-consciousness, transformation of time, and autotelic experience (Csikszentmiha-
lyi 1990). Previously, a Chinese version of Kiili’s instrument was used by Hou and Li 
(2014), which found reasonable reliability of the items. The instrument contains 12 five-
point Likert-type items. Example items include “My attention was focused entirely on 
playing the game” and “I really enjoyed the playing experience.” The reliability of the 
instrument was .94 in the current study.
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Learning outcomes

Learning outcomes were measured with a content knowledge test of six items that asked 
both conceptual and problem-solving questions. Students earn one point for each correctly 
answered question, totaling up to six points possible. Examples of both types of ques-
tions are provided in Appendix A. To ensure the alignment between the test and the target 
content of this study, the test items were based on a middle school science textbook used 
in Taiwan, and were developed and validated by two experienced science teachers (with 
5–10 years of teaching experience) and the instructional designers of the study. The test 
was previously used to measure learning outcomes in Chen et al. (2018).

Study procedure

At the beginning of the study, all participants took the 15-min pretest on their content 
knowledge. Following the pretest, students were assigned to either competition or non-
competition group based on their intact classes. In both groups, students were first given a 
5-min introduction to the study. The students then started to play the game over a period of 
2 weeks, for 40 minutes per week. During the 40 minutes, students were required to work 
on the game only, while not being able to use other programs on their computers. Both 
groups played in the same game environment. The only difference was that the competition 
group was informed that they were in the competition group and that students in this group 
were able to see top players’ performance on the scoreboard as compared with theirs. On 
the other hand, those in the non-competition group proceeded with gameplay where they 
could only see their own scores. A week after the experiment, the students took the post-
test on their content knowledge, and completed the flow experience questionnaire. Figure 5 
shows the procedure of the experiment.

Results

Descriptive statistics and correlation analysis

Table 1 depicts the descriptive statistics and correlation of the variables. Significant cor-
relations were found between engagement and competition, and in-game performance and 
engagement, and competition. Flow experience was significantly correlated with engage-
ment and in-game performance. Learning outcomes had significant correlations with 
engagement, in-game performance, and flow experience. Table  2 depicts the means and 
standard deviations of engagement, flow, in-game performance, and learning outcomes of 
the two groups, competition versus non-competition.

Structural equation modeling

Structural equation modeling was employed to test the proposed theoretical model. As pre-
viously described, an interaction term was created to model the interaction effect between 
engagement and competition. Before conducting the analysis, we centered all the inde-
pendent variables. Then, univariate normality of the variables was checked. The highest 
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Fig. 5  Experiment study pro-
cedure

Gameplay 
(40 min) 

Post-test 
(15 min)

Flow experience 
questionnaire

Scoreboard (2 min)

Gameplay (18 min) 

Post-test 
(15 min)

Flow experience 
questionnaire

Pre-test 
(15 min)

Competition group

Study introduction 
(5 min)

Noncompetition 

Pre-test 
(15 min)

Study introduction 
(5 min)

Gameplay (18 min) 

Scoreboard (2 min)

Gameplay 
(40 min) 

Scoreboard (2 min)

Gameplay (18 min) 

Gameplay (18 min) 

Scoreboard (2 min)

Table 1  Descriptive statistics of the variables

*p < .05
**p < .01
n = 114

Variables Mean SD 1 2 3 4 5

1. Engagement 7.24 11.54 1
2. Engagement × Competition 5.85 11.86 .97** 1
3. In-game performance 320.9 207.5 .39** .38** 1
4. Flow 3.50 .85 .22* .24* .21* 1
5. Learning outcomes 6.30 1.61 .22* .20* .38* .24** 1
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skewness was 2.22 and the highest kurtosis was 4.78, well below the threshold of normality 
violation (Kline 2011). Besides univariate normality, we also tested multivariate assump-
tions such as outlier and multicollinearity. Both Cook’s Distance and VIF were calculated. 
Cook’s Distances were > 1 and VIF’s were > 10 for all independent variables (Tabachnick 
and Fidell 2007). Thus, multivariate assumptions of the model were satisfied. The fit indi-
ces of the hypothesized model (Chi square/df = .960; CFI = 1.00; GFI = .989; NFI = .985; 
RMSEA = .000) suggested that the data fit the model well (Hu and Bentler 1999). Figure 6 
depicts the final model with significant path coefficients.

Effects of engagement and competition on in‑game performance and flow

The results showed that engagement had a significant positive effect on in-game perfor-
mance (β = 10.721; t = 3.293; p < .01). However, engagement did not have a significant 
effect on flow (t = .172; p  > .05). No significant effect of competition was found on in-game 
performance (t = 1.680; p > .05), nor on flow (t = . 716; p > .05). In other words, neither the 
presence of competition nor engagement in game had a significant impact on students’ flow 
experience.

Table 2  Engagement, flow, 
in-game performance, and 
learning outcomes between 
competition and non-competition 
groups

* p < .05
** p < .01

Competition Non-competition

Mean SD Mean SD

Engagement 9.29** 8.24 2.82** 3.75
Flow 3.56 .84 3.42 .86
In-game performance 399.07** 168.29 234.64** 210.98
Learning outcomes 6.45 1.59 6.09 1.61

Fig. 6  The final model showing significant path coefficients. Note: Solid lines represent significant relation-
ships, while dotted lines represent insignificant relationships; only estimates of significant relationships are 
shown



1016 C.-H. Chen et al.

1 3

Interaction effects of engagement and competition

The results suggested that engagement moderated the relationships between competition 
and in-game performance (β = – 13.237; t = – 2.001; p < .05). In order to visually interpret 
an interaction effect, Cohen et  al. (2003) suggested plotting regression lines at different 
levels of the moderator variable. Following the suggestion, we plotted two regression lines 
that visually depict the effects of engagement at two levels (low and high). As Fig. 7 shows, 
the effect of engagement on performance was relatively weak in the competition group 
when compared with the same effect in the non-competition group. In other words, engage-
ments’ effect on performance was more pronounced in the non-competition group. This 
finding suggested that highly engaged students in the non-competition group tended to per-
form significantly better than those who were less engaged.

Mediation effects of in‑game performance

As shown in Fig.  6, the results indicated that the relationship between engagement and 
learning outcomes was mediated by in-game performance (p < .05), but not flow (p > .05).

Discussion

Mayer (2011) called for more empirical research on GBL that explores how specific game 
features affect learning and motivation. In response to the call, the current study focused 
on examining competition as a game feature. By comparing a competition group with a 
non-competition group, and by incorporating players’ engagement as an additional lens, we 
examined the performance and motivation across the two groups in a game-based science 
learning environment. In addition to learning outcomes after gameplay, the current study 
also examined students’ in-game performance in the hope of gaining more insights into the 
constructs under investigation.

Fig. 7  Interaction effects of engagement and competition on in-game performance
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Although the effects of competition have long been studied in educational research 
(e.g., Ames and Ames 1984; Johnson and Johnson 1989; 2009; Lam et al. 2004), this study 
sought to examine competition in the context of GBL. The results showed that compe-
tition did not have a significant main effect on students’ in-game performance nor their 
flow experience. While few studies examined the impact of competition on in-game per-
formance, the finding aligned with Cagiltay et  al. (2015), which compared the in-game 
performance between a competition group and a non-competition group and found no dif-
ference. Our finding suggests that competition alone was not sufficient to make a difference 
on students’ motivation and performance in playing the game. The students in the competi-
tion group might have focused more on winning and been distracted by the changes in their 
game scores (ter Vrugte et al. 2015; Van Eck and Dempsey, 2002). Comparatively, those in 
the non-competition group were more likely to play without distractions and able to focus 
more on the game context. As such, the competition might have prevented students from 
focusing on the science content of the game to understand and internalize the embedded 
concepts. Therefore, competition that emphasizes winning and losing may potentially turn 
a flow activity into distractions (Cheng et al. 2009; ter Vrugte et al. 2015).

On the other hand, students’ engagement, which was measured by their number of 
attempts at gameplay, was found to affect their in-game performance. Moreover, engage-
ment was also linked to students’ science learning outcomes through the mediation of in-
game performance. While the findings are aligned with previous studies that identified the 
positive impact of GBL on learning outcomes (e.g., Clark et  al. 2011; Erhel and Jamet 
2013), the current study was able to pinpoint the specific role of engagement that led the 
positive outcomes, both in game and after the completion of the game. Compared with 
competition, learners’ engagement in gameplay appeared to be a construct of better utility 
and an insightful indicator in GBL. The more attempts students made at playing the game, 
the more likely they would achieve a better game performance, which would subsequently 
contribute to improved conceptual understandings and problem-solving abilities in the sci-
ence content area.

Contrary to what we had expected, engagement did not affect students’ flow experience 
despite its impact on performance. In other words, repeated attempts did not warrant a bet-
ter experience of flow. The lack of effects on flow experience leads us to reflect on the dif-
ference between leisure games and GBL (Wouters et al. 2013). While it is the intention of 
GBL to immerse learners in gameplay to acquire embedded knowledge and skills, the goal 
is not always achievable. Linking to the significant effects of engagement in the current 
study, we suggest that a productive approach in GBL research is to examine learners’ moti-
vation in conjunction with their engagement indicators.

More importantly, the findings suggest that engagement did not always improve stu-
dents’ performance when we consider competition in the model. The significant interaction 
between engagement and competition indicate that engagement only had an effect when 
there was no competition in the games. Specifically, in the non-competition group, highly 
engaged students tended to perform significantly better than those who were less engaged. 
However, within the competition group, students’ engagement levels did not make a sig-
nificant difference in their performance. As illustrated in Fig. 7, the lowest level of per-
formance was shown by students in the non-competition group who demonstrated a low 
engagement. Comparatively, students in the competition group had an overall better per-
formance, although their engagement levels did not make a significant influence on their 
performance. The highest performers were in the non-competition group but showed a high 
level of engagement. We attributed the results to the different goals students adopted in the 
two groups which might have led to different engagement patterns. As found in previous 
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research, competition is likely to induce performance goals among learners (Ames and 
Ames 1984; Lam et al. 2004). For the students in the competition group in this study, when 
they showed a performance-goal orientation, their actions, such as high or low engagement, 
were likely to be driven by a need to show competence or to avoid showing incompetence. 
For example, when these students saw themselves rank high in a game, they might lose 
the momentum to keep trying. On the other hand, without competition in the other group, 
the students were more likely to focus on the game itself and adopt a mastery-oriented 
goal. Their high engagement might have been driven by a different motive—to establish a 
genuine mastery and understanding of the game rather than showcasing their competence. 
Such an effort might have led them to achieve the highest performance level. The findings 
suggest that although competition had some benefits, it also has limitations. Competition 
may have a negative effect on students who could have otherwise been driven to even better 
performance.

Conclusions and implications

This study contributed to GBL research in two unique areas. First, the study introduced 
learners’ engagement as a lens, and used objective behavioral engagement data to examine 
motivation and learning in GBL. Second, the study examined learners’ in-game perfor-
mance, an integral but often overlooked part of learning in GBL. The significant effects of 
engagement found in this study pointed to the importance of introducing more objective 
engagement data into GBL research. While this study used learners’ number of attempts 
as a proxy of behavioral engagement, future research should both explore more indica-
tors of behavioral engagement (e.g., time factors, Eseryel et  al. 2014) and go beyond to 
examine cognitive and emotional engagement in GBL (Fredricks et al. 2004). Moreover, 
with advanced tracking and analysis techniques, future studies can examine learners’ qual-
ity of engagement in addition to its quantity (Greene 2015). For example, random trials and 
errors may be distinguished from strategic attempts. With a more comprehensive capture 
of learners’ engagement in the GBL process, we may establish a better understanding of its 
impact on in-game performance and learning outcomes.

In light of the current study, the role of competition in GBL should be carefully exam-
ined in future research. Does the presence of competition necessarily promote learning 
and flow in GBL? Could the effect of competition manifest in other constructs that have 
more fidelity in the GBL process? These are questions that need to be answered before 
competition can be solidified as a way to gamify learning activities to help meet learning 
objectives.

Compared with learning performance in GBL, the study indicated that motivation (i.e., 
flow) was harder to improve, even among those students with a high level of engagement. 
To promote learners’ motivation, game design for GBL should consider providing learners 
with more control and autonomy.

This study provides a few implications for educators who plan to use GBL in science 
education. For games that do not incorporate competition, teachers should monitor learn-
ers’ engagement in gameplay as an important indicator of learning. For games that do pro-
vide an opportunity to compete, teachers should keep in mind that competition has its limi-
tations, and that high levels of engagement do not necessarily mean good performance. As 
learners make progress in the GBL process, teachers should pay special attention to help 
learners establish learning goals that go beyond merely winning a game.
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Finally, it should be noted that the findings of this study are likely to be applicable only 
to games with similar parameters. As previously discussed, different forms of competition 
(e.g., competing with peers or with virtual players) can lead to different engagement pat-
terns and learning outcomes, which may confound GBL research. Future research should 
pay close attention to different game parameters and avoid making generalized claims 
about GBL.

Compliance with ethical standards 

Conflict of interest The authors declare that they have no conflict of interest.

Appendix A. Samples of content knowledge test

1. Which of the following best describes the physical quantity of a car on the road with "60 
km / h"?

A. Distance B. Rate C. Time D. Displacement

2. Which tool we should use for measuring time?

A. Specificity B. Regularity C. Variability D. Uncertainty

3. The speed of a cargo ship is 60 km per hour. It is equivalent to _______ kilometers per 
minute.

4. If Typhoon is moving at 10 km per hour, how many kilometers would it move after 6 
hours?

5. If a light signals every three seconds, how many times does it signal in one minute? 

A. Six   B. One hundred and eight  C. Twenty

6. It takes 5 seconds for a cell to divide once. How much time will it take to divide 15 times? 

A. Three seconds B. Seventy-five seconds C. One minute
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