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Competitiveness in serious games and game-based learning contexts, have been suggested to be associated with variations in flow experience pertaining from game experience. Evidence from the game-based learning literature suggested that game-based learning in general enhances learning outcomes, and applicable to learning psychology at the undergraduate level. Yet the magnitude of such effect remains mixed from empirical evidence. The current study examines whether game-based learning, in competitive and non-competitive game format, would lead to differentiated gains on learning outcomes, perceived flow experience from game-based learning, and their interaction. We wish to test whether competitive and non-competitive formats of game-based learning could be characterized with different configurations of game flow experience that encapsulate the game-based learning experience, as well as the extent to which such predominant game flow experience would correlate with observed learning outcomes from featured game-based learning conditions. Effect of game-based learning was tested with an 2 × 2 experimental design. Participating learners (n = 142) were randomly assigned into either one out of four experimental conditions based on a 2 × 2 block design with two independent variables, competitiveness of game-based learning (competitive vs. non-competitive), and format of game-based learning (group vs. individual). Participating Learners in each of the conditions were assessed on learning outcomes related to the subject matters intended for the game-based learning artefacts. Results on learning outcomes revealed a significant main effect of competitiveness of game-based learning was observed, but not for format nor interaction effect. Main effect of format of game-based learning when learning in groups was observed from another two-way ANOVA analysis in a finite set of eGameFlow constructs including feedback, autonomy, goal clarity, and social interaction. Interaction effects between competitiveness of game-based learning and format was observed in autonomy and goal clarity constructs. Results from this study suggested that competitiveness and group format does not necessarily warrant improvement on learning outcomes in the game-based learning context. Main effects on cognitive flow dimensions align with the performance orientation among Asian learners. Further research would shed light on identifying levels of optimal gamified elements while assuring improvement on intended learning outcomes in the Asian tertiary education context.
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INTRODUCTION
Background
Learners’ engagement in the 21st century is critical with increasing prevalence of blended and remote learning, and one of the popular pathways is to engage learners with game-based learning. Recently, game-based learning has been demonstrated, with comprehensive evidence from education research (Plass et al., 2015) to neuroscience (Howard-Jones and Jay, 2016), to augment learning. Such enhancement on learning has been reviewed and suggested that game-based learning enhances learning performance and outcomes through affective (e.g., enjoyment), cognitive (e.g., cognitive load), and behavioral (e.g., intention to participate in learning) mechanisms (Koivisto and Hamari, 2019; Sailer and Homner, 2019).
In the context of learning of psychology at the undergraduate level, game-based learning has been widely applied and evaluated across various sub-disciplines, including history of psychology (Abramson et al., 2009; Berrenberg and Prosser, 1991), general/introductory psychology (Paul et al., 2006), organizational psychology (Stansbury and Earnest, 2017), and neuropsychology (Goldey and Espinosa, 2020). Most of these attempts employed trivia and board game style for engaging learners with game-based learning toward knowledge mastery.
Though these empirical evaluations examined efficacy of game-based learning in the learning of psychology context, the mechanism for understanding arousal and engagement in game-based learning itself is also a worthwhile venture among researchers in learning and education. The flow theory is deemed a fittingly effective model in understanding how learners engage with game-based learning.
Originated from positive psychology, the flow theory (Nakamura and Csikszentmihalyi, 2014) describes general positive experience in life with absorption from what one does, including the process of gaming or learning, that ultimately contributes to our wellbeing.
Transplanted to the game-based learning context, flow theory has been widely applied for understanding how learning through games approximates flow and peak experience that allow learners to be absorbed in the game-based learning experience and arrive at enhanced learning outcomes thereafter (Kasurinen and Knutas, 2018; Koivisto and Hamari, 2019; Reiners and Wood, 2015; Sweetser and Wyeth, 2005; Terras and Boyle, 2019). Competitive games, in both serious games and game-based learning contexts, have been suggested to be associated with variations in flow experience pertaining from game experience, including challenge (Cairns, 2016), feedback on learning (Chapman and Rich, 2018), as well as autonomy and social relatedness (Sailer et al., 2017).
While recent research on game-based learning and flow theory mainly describe flow in the game-based learning context (Hamari and Koivisto, 2014; Sedig, 2007; Hou, 2015; Shin, 2006) or modeling game flow as a determinant of subsequent learning performance gains (Hamari et al., 2016; Chang et al., 2017; Erhel and Jamet, 2019), the extent to which competitiveness (Kiili, 2005; Nah et al., 2014; De-Marcos et al., 2016; Sailer et al., 2017; Licorish et al., 2018) in game-based learning exert influence on the learning process and subsequent learning performance and outcome remains inconclusive and warrant further explorations.
Conclusions from recent advances in game-based learning literature suggested that the degree to which game-based learning enhances learning outcomes have been generally positive. Yet the magnitude of such effect remains mixed from empirical evidence.
In a recent meta-analysis of game-based learning evaluations on 45 empirical studies, Sailer and Homner (2019) revealed that effect size game-based learning was statistically significant although small and varied with types of learning outcomes. Studies on behavioral learning outcomes such as surgical or spatial skills yielded the lowest mean effect size with Hedge’s g of 0.25 while studies on cognitive learning outcomes of game-based learning such as mastery of conceptual and applied knowledge yielded the highest mean effect size with Hedge’s g of 0.75 (Sailer and Homner, 2019).
Nonetheless, recent evidence converged to the argument that flow components such as perceived challenge, perceived autonomy, immersion from game experience could be potentially universal determinants toward effective game-based learning.
With a dearth of empirical investigations in flow of game-based learning, particularly in the learning of psychology context, we wish to explore whether game-based learning, apart from achieving its educational goals, would elicit affective outcomes in learners as proposed in the flow theory that precipitate engagement and subsequent enhancement in learning.
Specifically, we wish to address three research questions in the current study:
What is the relationship between learning format (i.e., solitary vs. collaborative game-based learning) and game flow experience?
What is the relationship between competitiveness of game-based learning (i.e., competitive vs. non-competitive game-based learning) on game flow experience?
Is there any interaction effect(s) on game flow experience between learning format and competitiveness?
MATERIALS AND METHODS
Toward providing a comprehensive and transparent disclosure of game-based learning artefacts and procedures adopted in this study, reporting of game-based learning featured in this experiment conforms to the Guideline for Reporting Evidence-based practice Educational interventions and Teaching (GREET) (Phillips et al., 2016):
GREET01: Intervention - Provide a brief description of the educational intervention for all groups involved [e.g., control and comparator(s)]
We conducted a randomized controlled trial to compare effects of game-based learning interventions for learning psychology among undergraduate learners at a university in Hong Kong.
Effect of game-based learning was examined with a 2 × 2 factorial design with two independent variables: competitiveness of game-based learning and format of game-based learning (see Table 1).
TABLE 1 | The 2 × 2 factorial design on the competitiveness and format of game-based learning.
[image: Table 1]Competitiveness of game-based learning was manipulated by introducing two game-based learning artefacts for learning about motivation in psychology.
Formats of game-based learning were manipulated with participants randomly assigned to group game-based learning or individual game-based learning. In group game-based learning, learners were assembled physically in a face-to-face small group for engaging in game-based learning activities. In the individual game-based learning condition, learners engaged in game-based learning activities without simultaneous interactions with other learners on the same task.
GREET02: Theory - Describe the educational theory (ies), concept or approach used in the educational intervention
Affective outcomes derived from game-based learning was assessed with the eGameFlow model, a 42-item 7-level likert scale instrument soliciting game flow experience of learners on eight dimensions: immersion, social interaction, challenge, goal clarity, feedback, concentration, autonomy, and knowledge improvement (Fu et al., 2009). This instrument evaluates educational games by incorporating six elements of flow in immersion, challenge, goal clarity, feedback, concentration, autonomy (Csikszentmihalyi, 2014) with two additional learning artifices in social interaction and knowledge improvement (Sweetser and Wyeth, 2005). The eGameFlow instrument demonstrated good to excellent internal reliability (0.81–0.93), and convergent validity across eight dimension sub-scales as well as criterion validity by correlating eGameFlow scores with a visual-analogue scale on overall enjoyment from game-based learning.
GREET03: Learning Objectives - Describe the learning objectives for all groups involved in the educational intervention
Game-based learning activities were introduced to determine whether game-based learning improves i) objective knowledge of motivation in psychology, ii) ability to utilize this knowledge in application toward problem solving related to understanding of human motivations, and iii) affective outcomes from game-based learning including immersion, arousal from challenge, and arousal from heightened social interaction during the course of game-based learning.
GREET04: Evidence-Based Practice (EBP) Content - List the foundation steps of EBP (ask, acquire, appraise, apply, assess) included in the educational intervention
Game-based learning in this study aligns to the evidence-based practice framework with mostly knowledge acquisition about human motivation for future applications in human services, business planning, and engineering designs where applicable.
GREET05: Materials - Describe the specific educational materials used in the educational intervention. Include materials provided to the learners and those used in the training of educational intervention providers. Indicate where these can be accessed (e.g., online appendix, URL)
Game-Based Learning Artefacts
The “Cell Game” (http://palms.polyu.edu.hk/educational-apps/cell-game/) is a turn-base strategic game-based learning platform that features salient competitive game-based learning activities. In this territory game format, learners compete with each other or in teams to earn points and expand their territories on the leaderboard as reward. Points for gaining or losing territory on the game board in Cell Game were determined by correct response on questions pertaining to the subject content matter.
The WISC-Online platform (https://www.wisc-online.com) features user-built board games for customized development of game-based learning artefact, with a set of non-competitive board game-based learning artefacts developed specifically for this experiment.
The researcher created and collected 166 assessment questions related to the learning module on motivation. Levels of difficulty of assessment questions in this study were based on the Bloom Taxonomy guidelines (Anderson et al., 2001), with items constructed toward assessing basic learning outcomes, such as remembering and understanding, to higher level outcomes, such as applying and analyzing subject content matters on human motivation.
GREET06: Educational Strategies: Describe the teaching/learning strategies (e.g., tutorials, lectures, online modules) used in the educational intervention.
A set of 6 board games related to theories and concepts of motivation were developed on the WISC-Online platform in the following format: crossword puzzles, “Jeopardy” type Q&A game, snake puzzle game, and turn-based Q&A games. Each game involves 15–30 multiple choice question items pertaining to theories and concepts about human motivation (See Table 2). Quiz items in the WISC games were drawn from the assessment questions pool of 166 items about motivation in psychology.
https://www.wisc-online.com/users/blendedlearning/games/33385/crossword
https://www.wisc-online.com/users/blendedlearning/games/33386/build-your-knowledge
https://www.wisc-online.com/users/blendedlearning/games/33388/chakalaka
https://www.wisc-online.com/users/blendedlearning/games/33391/baseball
https://www.wisc-online.com/users/blendedlearning/games/33395/beekeeper
https://www.wisc-online.com/users/blendedlearning/games/33394/jeopardy
TABLE 2 | Summary table of the selected WISC-Online Games.
[image: Table 2]Using the same assessment questions pool of 166 items about motivation in psychology for building WISC-Online board games, a turn-base and competitive Q&A game “Cell Game” was deployed for game-based learning:
https://the-cell-game.com/cloud/play/5d9c8b253fa2e8001745f6ca
Apart from the game-based learning platform, a learning module was delivered to the students. Learning artefacts were based on an adaption of an open-source textbook on the psychology topic of motivation (https://courses.lumenlearning.com/wmopen-psychology/chapter/introduction-motivation/). A 23-page chapter of motivation consists of topics of motivation, self-efficacy, and mindset. The average reading time is around 25–30 min. Noted that all the interactive learning content in the original online textbook such as video links and self-assessments were removed.
Learning Outcome assessment. Regarding the learning outcome assessment quiz, a total of 15 questions were randomly selected from the question bank. Participants took the quiz through the Learning Management System by using the tablets after the 45 min session. The post-test was a closed-booked quiz and participants were not allowed to discuss with others during the test.
GREET07 Incentives: Describe any incentives or reimbursements provided to the learners. Participants received credits on research participation towards completing an introductory level psychology course
GREET08 Instructors: For each instructor(s) involved in the educational intervention describe their professional discipline, teaching experience/expertise. Include any specific training related to the educational intervention provided for the instructor(s).
The game-based learning artefact and learning sequence was developed by a team led by an academic with expertize in blended learning, including recognition from university level award and international award such as the Reimagine Education.
GREET09 Delivery: Describe the modes of delivery (e.g., face-to-face, internet or independent study package) of the educational intervention. Include whether the intervention was provided individually or in a group and the ratio of learners to instructors.
Participants were guided to complete a 90-min session including briefing on the learning tasks, traditional learning with handouts on the topic of interest related to motivation, participating in the game-based learning tasks, then undertaking the learning outcomes assessments and survey on game-based learning constructs. Figure 1 entails the set up of the game-based learning sessions.
[image: Figure 1]FIGURE 1 | Set up of game-based learning sessions.
GREET10 Environment: Describe the relevant physical learning spaces (e.g., conference, university lecture theatre, hospital ward, community) where the teaching/learning occurred.
Learning sessions were conducted in an innovative classroom with mobile video walls and modular tables for group activities at a comprehensive university in Hong Kong. All participants completed the session face-to-face, with 50% of participants engaged the learning sequence individually while the other 50% of the participants completed the learning sequence in small groups of 3–4 members in each group.
GREET11 Schedule: Describe the scheduling of the educational intervention including the number of sessions, their frequency, timing and duration.
GREET12 Describe the amount of time learners spent in face-to-face contact with instructors and any designated time spent in self-directed learning activities.
A one-off 90-min game-based learning session was administered to all participants between October and November 2019. All participating learners undertook a 90-min session with the following breakdown of activities:
Inform Consent and orientation on session procedures (10-min) (Face-to-Face with game-based learning experimenters).
Experiment Session (Self-Directed learning in group or individual formats).
(45-min).
Exercises/Revision (15-min).
Learning outcomes assessment and study survey (20-min).
GREET13 Did the educational intervention require specific adaptation for the learners? If yes, please describe the adaptations made for the learner(s) or group(s).
The game-based learning artefacts were specifically developed for the targeted learners. No adaptations were required.
GREET14 Was the educational intervention modified during the course of the study? If yes, describe the changes (what, why, when, and how).
No modification was made during the experimental period when the game-based learning sessions were administered.
GREET15 Attendance: Describe the learner attendance, including how this was assessed and by whom. Describe any strategies that were used to facilitate attendance.
This study features a total of 142 participants recruited from a pool of 600 + learners enrolled in an introductory psychology course. Participants enrolled and completing this experimental session earn credits toward fulfilling their research participation requirements in the course. Participation in the learning sequence on “Motivation” was regarded as independent and student-initiated learning on top of the definitive course curriculum. Similarly, learning assessment on “Motivation” unit incorporated in this study was not included in the summative course assessment of where the participants were recruited.
GREET16 Describe any processes used to determine whether the materials (item 5) and the educational strategies (item 6) used in the educational intervention were delivered as scheduled.
This game-based learning experiment was run over four sessions for all 142 participants. These sessions were administered on the same day with two experimenters giving orientations on the learning tasks and overseeing the experimental sessions. Two additional student helpers assisted in coordinating the learning sessions on logistics and clarification on work flow to participants.
GREET17 Describe the extent to which the number of sessions, their frequency, timing and duration for the educational intervention was delivered as scheduled (item 11).
All learning sessions for this experiment on game-based learning was delivered as scheduled. A detailed flow chart was displayed in Figure 2.
[image: Figure 2]FIGURE 2 | Flow chart of the study procedure.
Data Analysis
Demographic information including gender, year of the study, and the academic discipline of the participants were described with descriptives about learners’ characteristics. To test the hypotheses set out in this study, we performed Two-way ANOVA to examine the main effects and interaction effects between learning format and competitiveness on participants’ game flow experience. Participants who did not complete the follow-up questionnaire were excluded from the current analysis.
Research Hypothesis

4. There is significant difference of learning format on game flow experience.
5. There is significant difference of competitiveness on game flow experience.
6. There is interaction effect in game flow experience between learning format and competitiveness.
RESULTS
Demographic Information
Table 3 presented information about the 142 participants enrolled into the study. With a mean age of 18.8 years old, most of the participants (80.3%) were 1st year students. Majority of participants were recruited from the business discipline (54.2%), followed by students from health & social sciences (21.8), and STEM (17.6%). Proportions of male (52.2%) and female (47.8%) participants were evenly distributed.
TABLE 3 | Demographic information of the participants.
[image: Table 3]Two-Way ANOVA on the eGame Flow
A two-way ANOVA was performed to examine the effects of competitiveness game-based learning and learning format on the quiz performance and game flow outcomes. Table 4 presented the overall results of the Two-way ANOVA. Levene’s Test indicated equal variances for all the domains except the Challenge (F = 2.76, p = 0.05) and Goal Charity (F = 5.38, p = 0.002).
TABLE 4 | Results of two-way ANOVA on learning outcomes and eGame flow.
[image: Table 4]Simple main effects analysis showed that learning in group reported significantly higher endorsement in Feedback [F (1,138) = 3.98, p = 0.048, η2 = 0.028], Goal Clarity [F (1,138) = 9.385, p = 0.003, η2 = 0.064], and Social Interaction [F (1,138) = 23.573, p = 0.000, η2 = 0.146] than learning individually.
Regarding the test performance, a significance main effect of competitiveness was observed. Participants in the non-competitive game-based learning condition with WISC games attained higher assesement total scores than their counterparts in the competitive game-based learning group [F (1,138) = 35.45, p = 0.01, η2 = 0.06].
Interaction effects between learning format and competitiveness of game-based learning reached statistical significance for eGameFlow dimensions of Autonomy [F (1,138) = 4.137, p = 0.044, ηc = 0.029] and Goal Clarity [F (1,138) = 6.304, p = 0.013, η2 = 0.044] (see Figures 3, 4). Other eGameFlow dimensions, including concentration, feedback, challenge, immersion, social interaction, and knowledge improvement, did not reveal statistically significant interaction effects.
[image: Figure 3]FIGURE 3 | Interaction effects of competitiveness and learning format on Goal Clarity.
[image: Figure 4]FIGURE 4 | Interaction effects of competitiveness and learning format on Autonomy.
DISCUSSION
Results in this study suggested that game-based learning, when adopting non-competitive games in a group format for learning psychology at the undergraduate level, would likely yield higher enhancement in terms of learning outcome. Learners experienced a heightened level of reported goal clarity and autonomy with non-competitive games when game-based learning was administered individually, rather than in a group format. Heightened flow dimensions observed in the individual rather than the group game format contradicted with previous findings about benefit of ad-hoc group learning in large classes (Tomcho and Foels, 2012). We hypothesized that the observed flow among learners on individual game-based learning was facilitated by the format and nature of learning theoretical concepts related to motivation in the current study. Adopting the cognitive load theory on game-based learning, individual board games introduce minimal extraneous cognitive load on learners when compared with other turn-based competitive games or immersive competitive games (Fisch, 2017).
While some game flow variables significantly affecting learning outcomes, only cognitive dimensions in the featured game flow model in feedback, goal clarity, and social interaction exhibited statistically significant effects. Most of the affective dimensions in the game flow model that align with positive valence and affect, including challenge, and immersion, did not reach statistical significance in the current findings. The sole exception was the significant interaction effect on autonomy, in which perceived autonomy was low in the competitive and territorial Cell Game when administered individually, but matched its non-competitive counterpart in the WISC-Online quiz game condition when learners in Cell Game were in a group competition format. Interaction effects observed in this study do not resonate with previous evidence arguing for equivalence between administering game-based learning in solitary and collaborative modes (Chen et al., 2015; Van Der Meij et al., 2011).
While immersion has been regarded as a major factor in game-based learning toward learners’ engagement (Krassmann et al., 2017; Hamari et al., 2016; Cheng et al., 2017), the lack of significant effect observed on immersion in the current study could be attributed to the trivia/quiz game format adopted in this study instead of designing a serious game for learning about motivation. Cheng (Cheng et al., 2017) suggested that though serious games activates immersion, yet immersion does not necessarily warrant learning gain. Indeed, immersion may influence learning indirectly as a prerequisite to game mastery, which subsequently leads to learning gain.
Reported prevalence of emphasizing cognitive dimensions in game flow for game-based learning echoed the dominance of achievement orientations in performance approach and performance avoidance, while undermining mastery goal that associated with affective outcomes and engagement toward intrinsic motivation of learning (Chen and Wong, 2015a, 2015b; Wang and Rao, 2020).
While participants in this study feature predominantly Chinese learners in their adolescence and early adulthood, findings from this study suggest that in application of game-based learning on academic knowledge, design and implementation of game-based learning should consider game flow dimensions that enhances the both cognitive and affective domains in learning experience. Nonetheless, affordances for affective experience from game-based learning (e.g., immersion, concentration, challenge, autonomy) in the context of knowledge-oriented learning may be secondary when compared with use of game-based learning in other types of experiential learning involving more affective components, such as service learning (Giles and Eyler, 1994) and intra-personal development.
For theoretical concept learning featured in this study, these considerations on affective components of game-based learning tend to be undermined by performance-related, cognitive dimensions in game flow such as goal clarity (i.e., how can I benefit from this game on mastering the academic subject matter), feedback (i.e., is this game helping me in identifying my strength and weaknesses mastering or applying the academic subject matter), and social interaction (i.e., is this game-based learning allowing me to solve problems collaboratively through team-based learning).
These performance-centric orientations derived from the current study corroborate with some proposed utility of game-based learning in “performance monitoring” and “social learning” (Westera, 2015). It is also hypothesized to align with the Asian pragmatic orientation toward leveraging game-based learning toward academic achievement (So and Seo, 2018). In addition, performance approach goal orientation in using game-based learning to enhance undergraduate learning, as reflected in corresponding game flow dimensions, offers a stark contrast to K-12 sector counterparts with conventional conception of game-based learning mostly enhancing enjoyment and engagement throughout the learning process (Chang et al., 2017).
LIMITATIONS
Though trivia/quiz format game-based learning has been suggested to be instrumental for enhancing theoretical knowledge mastery (Ranieri et al., 2018), learning related to applications and problem-solving were not examined in the current study with reference to the scope of this proposed study and keeping the experimental session viable for our participating learners. Further studies could introduce learning tasks of different natures toward generalizing the effect of game-based learning in varying learning context.
With focus on flow of game-based learning and subsequent changes on learning performance, the current study did not address the role of other integral psychological mechanisms, such as intrinsic motivation (Hanus and Fox, 2015; Sailer et al., 2017; Chapman and Rich, 2018) and cognitive load (Chang et al., 2017; Fisch, 2017) involved in the translation of game-based learning to learning enhancement. Further studies incorporating flow, motivation, and cognitive load would allow a comprehensive framework for examining the underlying psychological mechanisms of game-based learning, as well as their relations and reciprocal synergy with each other.
CONCLUSION
Results from this study employing experimental design offer evidence for positive effect of using game-based learning in undergraduate education context. Specifically, non-competitive game-based learning, when performed in groups, was suggested to promote better learning outcomes. Game flow dimensions related to cognitive domains in game-based learning, specifically goal clarity, feedback, and social interaction, has been demonstrated to have interaction effect on learning outcomes, while affective domains in game-based learning were undermined by performance achievement orientation among Asian learners. Affective elements with enjoyment and thrill, as conceptualized in challenge and immersion by the game flow model, may not align well with the prevailing performance orientation in Asian academia context. The use of game-based learning in knowledge-oriented learning in the Asian context could be optimized by focusing on utility of game-based learning toward performance monitoring and social learning.
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