Australasian Journal of Educational Technology, 2021, 37(2).

Digital game-based learning of information literacy: Effects of
gameplay modes on university students’ learning performance,
motivation, self-efficacy and flow experiences
Di Zou, Ruofei Zhang
Department of English Language Education, The Education University of Hong Kong, New Territories,
Hong Kong SAR
Haoran Xie
Department of Computing and Decision Sciences, Lingnan University, Tuen Mun, Hong Kong SAR
Fu Lee Wang
School of Science and Technology, The Open University of Hong Kong, Kowloon, Hong Kong SAR
Information literacy (IL) is important for university students. In this research, we developed
a digital role-playing game to enhance students’ learning of IL and investigated the effects
of gameplay modes on their learning performance, motivation, self-efficacy and flow
experiences. A total of 90 students participated in the study and played the game in
collaborative, competitive and solo modes. Their IL knowledge was measured through a
post-test after they completed the game and associated exercises. Their motivation, selfefficacy and flow experiences were evaluated through a questionnaire survey. The results
indicated statistically significant effects of the gameplay modes on the students’ learning
performance, motivation, self-efficacy and flow experiences. The solo mode was inferior to
the other two in all four aspects. The collaborative mode significantly outperformed the
competitive mode in terms of enhancing learning performance and flow experience, while
the competitive mode was significantly better in terms of promoting self-efficacy. These two
modes were similarly effective in the dimension of motivation. Based on the results, we
suggest that students play games in the collaborative or competitive modes when conditions
permit. We also advise teachers to provide students with rich opportunities for discussion,
collaboration and interaction and believe that an appropriate competitive atmosphere is
important.
Implications for practice or policy:
• Teachers can help students to improve their IL learning performance, motivation, selfefficacy and flow experiences by encouraging them to play games in collaborative or
competitive modes.
• Teachers can increase students’ engagement in learning by adding collaborative and
competitive elements in teaching and learning.
• Teachers can enhance students’ knowledge comprehension and consolidation by
integrating discussion, collaboration and interaction in classroom activities.
Keywords: educational game, information literacy, flow state, self-efficacy, competition,
quantitative

Introduction
Information literacy (IL) refers to a set of abilities to “recognize when information is needed” and “locate,
evaluate, and effectively use the needed information” (American Library Association, 2000, p. 15). Under
this umbrella, it involves the abilities to determine the need for information, access the needed information,
evaluate the quality, authenticity and credibility of information, incorporate information into prior
knowledge and understand and use information contextually, effectively and ethically (Koltay, 2011).
Several studies have been conducted to investigate students’ IL development. Johnston (2010) asked
students to learn IL through an e-learning system that included tutorials and IL learning tasks. The results
showed that the proposed learning approach was very effective in enhancing students’ understanding of IL
concepts. Kong (2014) designed a 13-week Integrated Humanities course into which IL teaching was
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woven. A total of 107 students learned the course with tablets. The results of three tests showed that the
course significantly enhanced students’ IL development. Derakhshan et al. (2015) interviewed 15 educators
of IL and found that this discipline could be taught through lectures, workshops and modules. The main
pedagogical practices consisted of supporting students’ selection of research topics, helping them identify
and access their needed information and developing a query on their essays.
Moreover, many researchers and institutions have implemented educational games to help students develop
IL in higher education. Markey et al. (2008) designed an online board game in which players sought and
used digital library resources to answer questions on scholarly topics. A total of 49 university students
played the game to learn IL skills and concepts. The results indicated the overall effectiveness of the
proposed game and revealed several game features that may influence students’ learning outcomes,
including feedback, challenge functionality and the themes of the games. Furthermore, Utah Valley
University developed two games, Get a Clue and Library Craft, to introduce the university’s physical and
digital libraries to their students (Smith & Baker, 2011). Most students who learned with the game reported
positive learning outcomes and experiences in a questionnaire survey. In the study by J. Wu et al. (2015),
university students were required to play a series of 10 games, Wisdom Town, which taught database
knowledge. The results revealed that most students considered digital game-based learning (GBL) an
effective approach to IL development. Additionally, Guo et al. (2017) required 150 university students to
learn IL knowledge by playing a role-playing game, Library Escape. In the game, the main character was
locked in a library and required to complete six IL learning tasks for escaping therefrom. The results
indicated that the participants had overall high levels of attention, satisfaction and affective enjoyment and
perceived usefulness of the game.
However, most studies on GBL for IL development have focused on whether digital games were effective
in terms of promoting students’ learning outcomes and motivation, while little research has been conducted
to explore other aspects of GBL. Thus, this research aimed to investigate university students’ learning
performance, motivation, self-efficacy and flow experiences of playing a digital game in diverse modes.
These four learning-related dimensions were selected as most previous research on computer-assisted
learning focused on them (Su & Zou, 2020; Zhang & Zou, 2020; Zou et al., 2020). For example, M. P.
Chen et al. (2020) investigated students’ learning performance and motivation in augmented reality–
enhanced theme-based contextualised English learning. M. P. Chen et al. (2019) investigated students’
learning performance, motivation and self-efficacy in a context-aware ubiquitous learning environment.
Hwang et al. (2020) investigated the effects of a multi-level concept mapping–based question-posing
approach on students’ learning performance and experience.

Literature review
GBL
GBL has been receiving increasingly more academic attention in recent years (Guo et al., 2017; Zou, 2020).
The effects of GBL have been extensively experimented in higher education and reported to be overall
positive on prompting learner motivation, raising the sense of control over learning and enhancing learning
performance and perceptions (e.g., Chen & Wang, 2018; Troussas et al., 2020; Yukselturk et al., 2018).
Moreover, by providing a playful learning environment, educational games may lead students to enjoy
learning, feel comfortable with multiples challenges during the process and overcome these challenges with
concentration, confidence and patience (Romero et al., 2017), which are essential for higher education in
developing lifelong learners (Liu et al., 2020; Sharples, 2000).
Despite the overall effectiveness of digital GBL (Annetta, 2010; Guo et al., 2017; Liu et al., 2020;
Yukselturk et al., 2018), educational games are not always successful (Young et al., 2012). Without
appropriate design and development, they may be distracting, boring and of little educational value
(DiNardo & Broussard, 2019; Young et al., 2012). Prior literature has reported five crucial factors in
successful educational games:
•
•

Fantasy: Games should afford a fictional universe that includes interesting storylines, engaging
scenarios and fascinating settings (Jemmali et al., 2018).
Identity: Players should be the main characters in games (Annetta, 2010).

153

Australasian Journal of Educational Technology, 2021, 37(2).

•
•
•

Interactivity: Players could communicate with other players or computerised non-player
characters (NPCs) (Annetta, 2010; Perttula et al., 2017).
Rewards: Players should be given rewards or scores when they have completed or well-performed
a task in games (Park et al., 2019; Ronimus et al., 2014).
Knowledge improvement: Games should help players develop target knowledge and skills to reach
the learning goals (Annetta, 2010; Fu et al., 2009).

Competition in GBL
When competition is involved in GBL, learners attempt to perform better than others to win the game (Chen
et al., 2018; Hong et al., 2009). Many researchers believe that competition in GBL is conducive to the
improvement of students’ learning performance, engagement, motivation and persistence in learning
activities (C. H. Chen et al., 2020; S. Y. Chen & Chang, 2020; Kollöffel & De Jong, 2016). Concerning
GBL of IL, Cagiltay et al. (2015) designed a competitive GBL system for IL education, where learners can
view the scores and rankings of themselves and their peers from a leader board during the learning process.
The results showed that the students who learned in the competition mode significantly outperformed those
who did not in the post-test.
Competition is also an effective game element for encouraging students to actively learn and accept
challenges (Hwang & Chang, 2016; Zou et al., 2018). Wei et al. (2018) found that competitive gaming and
personalised assistance enhanced students’ immersion experience and vocabulary learning efficiency but
reduced their anxiety. Moreover, Plass et al. (2013) argued that the students who had competitive gameplay
achieved better learning outcomes than those who had individual and collaborative gameplay. However, C.
H. Chen et al. (2018) identified no significant differences in terms of their flow experience between the
participants who conducted competitive GBL and those who did not. Flow refers to a state of complete
immersion or engagement in an activity (Pearce et al., 2005). C. H. Chen et al. (2018) believed that the
integration of competition into GBL might result in extraneous distractions, compromising the positive
effects of increased engagement and control in learning, and consequently influenced students’ flow
experience.
Collaboration in GBL
When collaboration is involved in GBL, learners exchange ideas and information and support each other
to reach their common goals (Hsiao et al., 2014). Previous research has indicated that collaboration in GBL
leads to increased engagement in learning (J.-H. Wu et al., 2010) and enhanced learning performance (Kuo
et al., 2012; Zurita et al., 2005). Nevertheless, collaboration per se does not necessarily result in effective
learning. Sung and Hwang (2013) pointed out that appropriate scaffolding is essential for effective
collaborative GBL.
As collaboration promotes social interactions, it appears effective in terms of enhancing communication
and peer relationships (Eow et al., 2010). In collaborative learning environments, students are also likely
to perceive high satisfaction, enjoyment and usefulness of GBL (Plass et al., 2013; Shiue & Hsu, 2017).
Moreover, Admiraal et al. (2011) believed that collaboration in GBL is conducive to students’ sense of
immersion in learning. Kiili et al. (2012) also reported that collaboration increases students’ sense of
control, awareness of goals and skills to deal with challenges in game. However, C. H. Chen and Law
(2016) found that collaboration might lead to decreased motivation when students lack collaboration and
communication skills.
Limitations of previous research on GBL of IL
Although several studies have been conducted to investigate GBL of IL, most of them focused on whether
games led to effective learning or increased students’ learning motivation. Little research has been
conducted to investigate the possible effects of gameplay modes on GBL of IL. Thus, it is uncertain how
solo, competitive and collaborative gameplay modes might influence students’ learning performance and
motivation.
Moreover, most previous studies only examined students’ learning performance and motivation, while
other dimensions have rarely been explored. Considering that students’ self-efficacy plays a key role in
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their development and that flow experience is important for GBL, a study on the effects of an IL learning
game on students’ self-efficacy and flow experience seems necessary.
Therefore, this research aimed to investigate university students’ learning of IL through playing a digital
game in solo, competitive and collaborative modes. Their learning performance, motivation, self-efficacy
and flow experiences were examined to address the following research questions:
•
•
•
•

Do gameplay modes influence university students’ learning performance?
Do gameplay modes influence university students’ motivation?
Do gameplay modes influence university students’ self-efficacy?
Do gameplay modes influence university students’ flow experiences?

An IL learning game based on flow theory
The design of our IL game was mainly based on Csikszentmihalyi’s (2014) flow theory. Flow theory
suggests that when individuals are deeply involved in specific activities, they will become immersed in an
optimal experience, termed as a flow state. In a flow state, individuals concentrate on the contents and tasks
at hand, forget all irrelevant issues and time passing and have great enjoyment (Annetta, 2010; Hsu, 2017;
Perttula et al., 2017). Engagement in educational games may lead to a flow state, which may enhance
learning efficiency by promoting learner motivation and improving learning experience (Barzilai & Blau,
2014; Hsu, 2017). To help players enter a flow state, educational games should afford them to have goals
and rules, feedback and a sense of control (Annetta, 2010; Csikszentmihalyi, 2014; Hsu, 2017; Perttula et
al., 2017). Specifically, goals and rules refer to lucid and specific explanations about the goals and ways to
reach the goals at the beginning (Csikszentmihalyi, 2014; Perttula et al., 2017). Feedback is mainly about
the evaluation of the players’ performance in tasks (Annetta, 2010; Kiili, 2005). Sense of control relates to
players’ feeling of autonomy of deciding their behaviours and progress (Hsu, 2017; Liu et al., 2020).
We developed this game using the RPG Maker MV, based on three prerequisites of flow experience and
the five factors of successful educational games. As shown in Figure 1, students engage in our educational
game by interacting with the NPCs as the main character in the setting of fantasy. Through acting as the
main character, learners obtain their identity in the virtual environment. Through interactivity with the
NPCs, learners achieve knowledge improvement and receive rewards for their completion of learning tasks.
The materials for IL knowledge development consist of (a) warm-up questions that provide players with
previews of what they will learn subsequently; (b) instructional videos that teach players IL knowledge and
skills; and (c) formative assessments of players’ knowledge of what they have learned from the videos.

Figure 1. The system structure of the IL learning game

155

Australasian Journal of Educational Technology, 2021, 37(2).

Table 1 illustrates the game design. In the beginning of the game, an NPC explains the setting, goal and
rules of the game. During gameplay, the NPCs explain the detail goals and rules of different learning tasks
at the beginning of each learning task. After explanations, the NPCs ask players whether they fully
understand the goals and rules (i.e., “Have you understood your goal and tasks in this journey?”); they
repeat the explanations if players give negative reply (i.e., “Errrrr, I don’t think so.”). The players take
control of their movements, interactions with the NPCs and the pace of the game. They can decide whether
to watch a video right now, to watch it again, to stop the gameplay or to move to the next stage of learning.
When the players submit their answers to the associated exercises to the system, the NPCs provide
immediate feedback. Specifically, when players submit wrong answers, the NPCs provide feedback on the
answers and ask them to try again; and when they submit wrong answers in consecutive attempts, the NPCs
provide encouragement. When players submit correct answers, the NPCs provide feedback for compliments
and rewards.
Table 1
Game design based on the three prerequisites of flow experience
Prerequisites
Game design
Goals and
rules

Introducing the goal

Explaining specific rules

Checking players’
understanding of the goals
and rules

Sense of
control

Control on journey progress

Control on video watching

Feedback

Feedback on the answer

Feedback for
encouragement

Feedback for compliment
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Figure 2. Game flow
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Figure 2 shows the whole map of the gaming content and the locations of diverse tasks in the map. Figure
3 shows the map of the journey, which consists of five venues corresponding to five topics of IL learning,
specifically (a) how to use Google and Google Scholar, (b) how to use the search platform of the university
library, (c) how to use databases, (d) how to evaluate the quality of searched information and (e) how to
read academic articles efficiently. These are all important IL topics for university students.

Figure 3. The whole map of the journey
Following the map, players enter the five venues in order. Figure 4 shows the interface of a learning task.
In each venue, players watch one instructional video and complete two to four associated exercises. The
exercises are true-false and multiple-choice questions that check players’ understanding of the video
content. When players complete all exercises of one scene in one venue, the NPCs give them a “magic
herb” as a reward and encourage them to move on to the next stage of learning. After completing all learning
tasks in the five venues, an NPC shows all the rewards that players have obtained, helps them reflect on
their learning process and makes a summary of it.
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Figure 4. The interface of a learning task

Method
Participants
A total of 90 students, 81 girls and nine boys, in a local university in Hong Kong participated in the research.
They were of similar ages and had similar education and cultural backgrounds. Also, they had never
systematically and comprehensively learned IL before. We conducted a pre-test to investigate their prior
IL knowledge, the results of which showed similar levels of IL knowledge of all participants. Moreover,
the participants were registered in the same course, which aimed to teach them how to search for relevant
academic resources, identify important information and write literature reviews. The same instructor who
had 10 years of experience in teaching similar courses taught them. All students voluntarily participated in
the study and knew that it would not influence their course grades. They were able to quit the project at any
time. The research was conducted following relevant ethical guidelines and requirements of the university.
Research design
The instructor (one of the authors) conducted this project in normal class hours in 2020, beginning with a
15-minute briefing session to introduce the game and the project (see Figure 5). When all students were
clear about the game, they participated in a pre-test that measured their prior IL knowledge and a prequestionnaire survey that evaluated their motivation and self-efficacy. This lasted for 20 minutes.
Subsequently, the students were randomly and equally assigned to three groups to complete the GBL of IL
in three gameplay modes. The 30 students in Group 1 played the game in solo mode, in which all students
played the game individually, and their performance was not compared against that of others in the same
group. These students were asked to play the game at their own pace. In Group 2, the 30 students played
the game in competitive mode. They played individually, but their performance was compared from both
dimensions of pace and accuracy. In Group 3, the students played in collaborative mode, in pairs. Two
players collaborated to complete the game at the pace of their team, and the performance of each pair was
not compared with the performance of other pairs.
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After the treatment, the students participated in a post-test, which measured their IL knowledge after
completing the GBL of IL and completed a post-questionnaire survey that evaluated their motivation, selfefficacy and flow experience. This lasted for 25 minutes. Moreover, we randomly selected 10 students from
each group (30 in total) and interviewed them to collect data concerning their thoughts and feelings of the
learning experiences. Additionally, the teacher kept an observation journal, to record what happened during
the GBL process.
In sum, four major sets of data were collected, consisting of the students’ scores in the pre- and post-tests;
the questionnaire data about the students’ motivation, self-efficacy and flow experience; the interview data
of the students’ thoughts and feelings of the GBL experiences; and the observation data of the GBL process.
After marking the students’ scores in the pre- and post-tests, all scores and the questionnaire data were
entered into SPSS. The interview data of the students’ thoughts and feelings of the GBL experiences and
the observation data of the GBL process were analysed in the following way. We read all data thoroughly
to obtain a holistic view first, and then focused on the data that highlighted the differences among diverse
gameplay modes. After obtaining a systematic and comprehensive understanding of all data, we coded them
independently and meticulously to identify possible factors that may influence the effectiveness of GBL
and students’ motivation, self-efficacy and flow experience. The coding results were also examined by two
of our colleagues, with reference to the original data. This mixed method of research has been applied by
many studies (e.g., Zou & Xie, 2018, 2019).

Figure 5. Research design
Instruments
The research instruments consisted of the pre- and post-tests, three questionnaires and interview questions.
The pre-test consisted of 10 true-false questions and 10 multiple-choice questions with a full score of 100,
five for each item. Items in the true-false questions included:
•
•
•

“You can use an asterisk within quotes to specify unknown or variable words.”
“You can exclude a word from Google search by adding a minus sign in front of that word.”
“Journals with similar titles are of similar quality.”
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Items in the multiple-choice questions included:
•
•

“What can we do to make the search results more relevant? (a) Add NOT between feedback
and system (b) Add OR between feedback and system (c) Add AND between feedback and
system (d) Put feedback system in quotation marks.”
“If you want to search articles by Richard E. Mayer, what is the most efficient way to do so?
(a) Search ‘Richard E. Mayer’ by author; (b) Search ‘Richard E. Mayer’ by title keyword; (c)
Search ‘Richard E. Mayer’ by ‘Subject begins with;’ (d) Search ‘Richard E. Mayer’ by
keyword.”

The participants were asked to indicate their answers to the questions, and they received a score of five
with a correct answer. The post-test was the same. The test items were developed by two domain experts
and one teacher with 10 years of experience in teaching IL in higher education, with reference to Hsieh et
al. (2014).
All three questionnaires applied the 5-point Likert scale, with 1 representing strongly disagree and 5
representing strongly agree. The motivation questionnaire was adapted from Wang and Chen (2010). It
consists of six items, three of which are related to intrinsic motivation and three related to extrinsic
motivation. Sample items include “I prefer tasks that challenge me so that I can learn new things.”, “It is
important for me to present my excellence to my family, friends and teachers.” and “Getting a good grade
is the most satisfying thing to me.”. Its Cronbach’s alpha value was .86.
The self-efficacy questionnaire was adapted from Pintrich et al. (1991). It consists of eight items, samples
of which include “I am certain that I can master the skills being taught in this game.”, “I am confident that
I can understand the most difficult materials presented in the game.” and “I am confident that I can
understand the basic concepts taught in this game.” The Cronbach’s alpha value was .84.
The flow experience questionnaire was adapted from Pearce et al. (2005). It also consists of eight items,
samples of which include “I felt in control of what I was doing during the learning activity.”, “During the
game-based learning, time seemed to pass fast.” and “I was completely immersed in this learning activity.”
The Cronbach’s alpha value was .87.
Furthermore, examples of the guided questions for the follow-up interview of the participants’ learning
experience include “What do you think about this learning experience?”, “Do you like the
solo/competitive/collaborative gameplay mode? Why?” and “What do you think are useful or useless for
your IL knowledge development?”.

Results
Influences of gameplay modes on learning performance
A one-way ANCOVA was conducted to test whether statistically significant differences existed among the
three gameplay modes in terms of enhancing the participants’ learning performance, after controlling for
their pre-test scores. The data could be analysed using the one-way ANCOVA as they passed the basic
assumptions, including normal distribution, homogeneity of regression slopes and homogeneity of
variance. Specifically, the results of the Levene’s test of equality showed that the data were homogeneous
in variances as the significance value was .86.
As shown in Table 2, statistically significant differences existed among the three gameplay modes in terms
of enhancing IL knowledge development, specifically F(2, 86) = 14.38, p < .001, partial η2 = .25. The means
were respectively 84.33 for the solo gameplay mode, 87.50 for the competitive gameplay mode and 90.83
for the collaborative gameplay mode. The results of the pairwise comparisons also showed that the
competitive gameplay mode was significantly more effective than the solo gameplay mode, but
significantly less effective than the collaborative gameplay mode (see Table 3).
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Table 2
Summary of ANCOVA on learning performance
Gameplay mode
N
M
SD
Solo
30
84.33
4.49
Competitive
30
87.50
4.50
Collaborative
30
90.83
4.92
***p < .001.

Adjusted M
84.33
87.52
90.82

Table 3
Results of the pairwise comparisons of learning performance
(I) Gameplay mode
(J) Gameplay mode
Solo
Competitive
Collaborative
Competitive
Collaborative
a
Adjustment for multiple comparisons: Bonferroni.
*p < .05.

SE
.85
.85
.86

MD (I-J)
-3.18*
-6.48*
-3.30*

F
14.38***

SE
1.20
1.21
1.21

η2
.25

Sig.a
.03
.00
.02

Influences of gameplay modes on motivation
Another one-way ANCOVA was conducted to test whether statistically significant differences existed
among the three gameplay modes in terms of improving the participants’ learning motivation. Similarly,
the data passed all basic assumptions. The results of the Levene’s test of equality showed that the data were
homogeneous in variances as the sig. value was 0.10.
As shown in Table 4, statistically significant differences existed among the three gameplay modes from the
perspective of the participants’ learning motivation, specifically F(2, 86) = 9.71, p < .001, partial η2 = .18.
The means were respectively 24.90 for the solo gameplay mode, 26.90 for the competitive gameplay mode
and 26.13 for the collaborative gameplay mode. The results of the pairwise comparisons are shown in Table
5, indicating that the competitive and collaborative gameplay modes were significantly more effective than
the solo gameplay mode. However, no statistically significant differences existed between the competitive
and collaborative gameplay modes.
Table 4
Summary of ANCOVA on learning motivation
Gameplay mode
N
M
Solo
30
24.90
Competitive
30
26.90
Collaborative
30
26.13
***p < .001.

SD
2.23
1.56
1.33

Table 5
Results of the pairwise comparisons of learning motivation
(I) Gameplay mode
(J) Gameplay mode
Solo
Competitive
Collaborative
Competitive
Collaborative
a
Adjustment for multiple comparisons: Bonferroni.
*p < .05.

Adjusted M
24.91
26.89
26.13

MD (I-J)
-1.99*
-1.22*
.76

SE
.32
.32
.32

F
9.71***

SE
.45
.45
.45

η2
.18

Sig.a
.00
.02
.28

Influences of gameplay modes on self-efficacy
Similarly, a one-way ANCOVA was conducted to test whether statistically significant differences existed
among the three gameplay modes from the perspective of the participants’ self-efficacy. The data could be
analysed in this way as they passed all basic assumptions. The data were homogeneous in variances as the
results of the Levene’s test of equality showed that the significance value was .47.
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As shown in Table 6, statistically significant differences existed among the three gameplay modes from the
perspective of the participants’ learning motivation, specifically F(2, 86) = 51.58, p < .001, partial η2 = .54.
The means were respectively 33.36 for the solo gameplay mode, 37.73 for the competitive gameplay mode
and 34.93 for the collaborative gameplay mode. The results of the pairwise comparisons also indicated that
the collaborative gameplay mode significantly outperformed the solo gameplay mode, while they were both
significantly less effective than the competitive gameplay mode in terms of improving students’ selfefficacy (see Table 7).
Table 6
Summary of ANCOVA on self-efficacy
Gameplay mode
N
M
Solo
30
33.36
Competitive
30
37.73
Collaborative
30
34.93
***p < .001.

SD
1.86
1.31
1.96

Table 7
Results of the pairwise comparisons of self-efficacy
(I) Gameplay mode
(J) Gameplay mode
Solo
Competitive
Collaborative
Competitive
Collaborative
a
Adjustment for multiple comparisons: Bonferroni.
*p < .05.

Adjusted M
33.33
37.74
34.94

SE
.31
.31
.31

MD (I-J)
-4.41*
-1.61*
2.80*

F
51.58***

SE
.44
.44
.44

η2
.54

Sig.a
.000
.001
.000

Influences of gameplay modes on flow experience
Concerning the questionnaire data about the students’ flow experience, a one-way ANOVA was conducted.
In contrast with the data of the participants’ IL knowledge, motivation and self-efficacy, the flow
experience data were collected only after the treatment. These data passed all basic assumptions as well
and could be analysed in this way.
The descriptive statistics of the ANOVA test demonstrated that the collaborative gameplay mode (M =
32.53, SD = 1.63) outperformed the other two modes from the perspective of the students’ flow experience,
and the competitive gameplay mode (M = 30.13, SD = 2.11) was more effective than the solo gameplay
mode (M = 28.43, SD = 1.92). A summary of the results is presented in Table 8. Statistically significant
differences existed among the three gameplay modes, specifically F(2, 87) = 35.23, p < .001, partial η2 =
.45. The results of the post hoc tests also showed significant differences among the three groups.
Table 8
Summary of ANOVA on self-efficacy
Type III SS
Between groups
254.60
Within groups
314.30
Total
568.90
***p <.001.
Table 9
Results of the post hoc tests
(I) Gameplay mode
(J) Gameplay mode
Solo
Competitive
Collaborative
Competitive
Collaborative
a
Adjustment for multiple comparisons: Bonferroni.
*p < .05.

df
2
87
89

MS
127.30
3.61

MD (I-J)
-1.70*
-4.10*
-2.40*

F
35.23

Sig.
.00***

SE
.49
.49
.49

η2
.45

Sig.a
.001
.000
.000
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Discussion
Influences of gameplay modes on learning performance
The results of this research showed statistically significant effects of gameplay modes on IL development.
The collaborative mode was the most effective in terms of promoting IL learning, followed by the
competitive mode, and the solo mode was the least effective.
The interview and observation data also showed that in the collaborative gameplay mode, students
discussed to enhance each other’s understanding of the content of the instructional videos. This was very
effective in terms of consolidating their thorough comprehension and deep memorisation of the target
knowledge. Many students in this group even reported that they did not notice some information of the
videos while watching them, and it was their partners who raised their awareness of these messages.
Moreover, when they exchanged their understanding of the information with the partners, their knowledge
was reorganised and consequently consolidated. However, this approach to learning through discussion
was absent in the competitive and solo gameplay modes.
Nevertheless, in the competitive gameplay mode, students were motivated by a strong sense of competition;
therefore, they were very focused while watching the instructional videos and doing the associated
exercises. The observation data also showed that more students in this group took notes while watching
videos, compared to the numbers of students who did so in the other two modes. Moreover, in the interview,
these students explained that they took notes to avoid forgetting important details. That is, students in the
competitive gameplay mode paid great attention to the content of the instructional videos and spent
considerable efforts on achieving high accuracy while doing the associated exercises; therefore, this mode
was more effective than the solo mode.
Having said that, the game-based approach to learning IL per se was interesting and conducive to effective
learning; therefore, the students who learned in the solo gameplay mode also achieved satisfying
performance in the post-test. Most of them also reported in the interview that they had learned much from
the game and were confident that their IL knowledge had improved to a large extent.
Similarly, Hsiao et al. (2014) found that online collaborations and discussions in GBL could assist learners
in knowledge development and idea creation, which consequently led to improvement of imaginative and
creative thinking abilities. Moreover, Cagiltay et al. (2015) identified positive effects of competitive GBL
on learning outcomes, as learners in competition tended to devote additional time and efforts to improving
the accuracy of their answers to exercises. Our research results are consistent with these studies and provide
further empirical support for them.
Influences of gameplay modes on motivation
The results indicated statistically significant effects of gameplay modes on IL learning motivation. The
collaborative and competitive modes were significantly better than the solo mode. No significant
differences existed between the collaborative and competitive modes.
This is likely because the collaborative mode involved discussions, while the competitive mode involved
competition; and both discussion and competition placed positive influences on students’ learning
motivation with similar effects. Strong evidence can be identified from the interview data. Most students
in the collaborative mode highlighted that the discussions made the learning process interactive, which
were the most interesting and meaningful episodes of the learning experience for them. For the students in
the competitive mode, it was the competition that spiced up the learning process, making it exciting and
fun, as reported by most of them in the interview.
Many researchers also argued that collaboration in GBL increased learning motivation (e.g., Delucia et al.,
2009; Sung & Hwang, 2013; Zou et al., 2019). They found that students considered collaboration interesting
and believed that synchronous communication and interaction created a strong social bond between them
and their peers and improved their relationships (Delucia et al., 2009). Additionally, many studies found
that competition played an important role in motivating students (e.g., Cagiltay et al., 2015; C. H. Chen et
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al., 2018). Hwang and Chang (2016) argued that competition mechanism in GBL could decrease learners’
cognitive load but increase their motivation, and students regarded competitive GBL exciting.
Influences of gameplay modes on self-efficacy
The results indicated statistically significant effects of gameplay modes on students’ self-efficacy. In this
dimension, the competitive mode was the most effective, followed by the collaborative mode, and the solo
mode was the least effective.
The students in the competitive gameplay mode felt that they independently completed the whole learning
and achieved high accuracy in the associated exercises; therefore, they were knowledgeable about searching
for information, using databases and evaluating information quality. They were confident that they had
mastered relevant IL knowledge and skills well, as indicated by the interview data. Concerning the students
in the collaborative mode, they collaborated for task completion and felt that they had learned a lot from
the discussions and the whole learning process; therefore, their self-efficacy had improved greatly as well.
The students in the solo mode, however, appeared less certain about their achievement of fully mastery of
IL knowledge and skills.
Similar results have also been found by Sung and Hwang (2013), who argued that collaborative GBL guided
learners to organise knowledge in their cognitive systems and share information with peers and that this
process was conducive to the development of students’ self-efficacy. Little research has discussed the
possible influences of competition in GBL on students’ self-efficacy, and this study plays a pioneering role
in the field.
Influences of gameplay modes on flow experience
The results indicated statistically significant effects of gameplay modes on students’ flow experience. In
this dimension, the collaborative mode was the most effective, followed by the competitive mode, and the
solo mode was the least effective.
The interview and observation data indicated that through collaboration and discussion, the students in the
collaborative gameplay mode could encounter challenges and solve problems together, so they had the best
flow experiences. Most students in this group also reported that they had total concentration, and their
curiosity was aroused during the interaction while playing the game collaboratively. Moreover, they rarely
sensed frustration as their partners could support them when they felt challenged.
The students in the competitive mode were to some extent driven by their strong sense of competition to
fully focus on the game, and this focused attention led to deep engagement. However, some participants
pointed out that the competition atmosphere sometimes resulted in extraneous distractions or anxiety when
they encountered challenges.
The students in the solo mode, however, had neither the benefits of peer support nor a sense of competition,
so their flow experiences were comparatively less satisfying than those in the collaborative and competitive
modes. Nonetheless, the students in the solo mode reported generally positive flow experiences as the IL
learning game of this research was designed and developed based on flow theory. The goals and rules were
clear. The players had a sense of control and were provided with immediate feedback.
Although the literature on the effects of collaboration on flow experiences remains sparse, some articles
have suggested a positive connection between collaboration and students’ flow experiences in GBL.
Admiraal et al. (2011) developed a collaborative GBL programme for history education, with which
students completed a series of learning tasks in teams. The results showed that collaboration in game
effectively enhanced students’ immersion in a flow state. Kiili et al. (2012) also reported that collaboration
enhanced students’ flow experiences, increased their sense of control and awareness of goals and assisted
them in dealing with challenges in game. However, research on competition in GBL has reported generally
neutral or negative results. C. H. Chen et al.’s (2018) integration of competition into GBL might result in
extraneous distractions. C. H. Chen et al. (2019) also pointed out that competition may place negative
effects on learners’ flow experiences in GBL as learners in competition may be distracted from learning by
winning.
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Conclusion
In this research, we developed a digital role-playing game to enhance university students’ IL learning and
investigated the effects of gameplay modes on students’ learning performance, motivation, self-efficacy
and flow experiences. The results indicated that the solo mode was inferior to both collaborative and
competitive modes in all four aspects. The collaborative mode significantly outperformed the competitive
mode in terms of enhancing learning performance and flow experience, while the competitive mode was
significantly better in terms of promoting students’ self-efficacy. These two were similarly effective in the
dimension of learning motivation.
Based on the results of this research, we suggest that students play games in the collaborative or competitive
modes when conditions permit, as collaboration and a sense of competition can largely increase engagement
in learning, and focused attention is conducive to effective learning. We also advise teachers to provide
students with rich opportunities for discussion, collaboration and interaction, as these elements play
important roles in leading to thorough comprehension and successful consolidation of target knowledge
and skills. Moreover, discussions can help students reorganise what they have learned and lead to deep
memorisation of the target knowledge. Furthermore, we believe that appropriate competitive atmosphere
is important, as the sense of competition can effectively motivate learning and improve self-efficacy.
Additionally, it is important to consider factors that influence students’ flow experiences when designing
and developing digital games.
However, this research is limited in that the number of male and female participants was unbalanced. Future
research may have more balanced sampling so that the results can be better generalised. Also, since it
concentrated mainly on the effects of gameplay modes on students’ IL learning, some research issues were
not covered. Thus, future studies may consider investigating them. For example, what factors place positive
or negative effects on students’ flow experiences in GBL, and among these factors, which ones are more
influential? Additionally, the post-test of this research included only true-false and multiple-choice
questions, and future researchers may consider including open-ended questions in their post-tests or asking
students to apply what they have learned in IL-related projects, through which students’ application of IL
knowledge can be better measured.
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