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This scoping review explores the relationship between self-efficacy and game-based learning (GBL). The study identifies the primary subject areas studied in GBL, such as  STEM and language learning, and examines the instruments used to measure self-efficacy.  While many studies measured self-efficacy as a dependent variable, some used it as an  independent variable alongside other factors. The most commonly used self-efficacy scales are  identified. The results suggest that GBL positively impacts self-efficacy, but the improvement  in self-efficacy may not match the performance improvement. This review highlights the need  for more precise and context-specific measurement of self-efficacy in GBL research,  emphasizing the importance of reliable measurement practices.
Background
The motivational benefit is a major influence of game-based learning (GBL) on the affective domain (Shaffer et al., 2005). Self-efficacy is a core component of motivation that “exists with a broad system of multicausality” (Bandura, 1997; Bandura, 1999, p. 35; Eseryel et al., 2014), meaning self-efficacy is part of a complex network of cognitive and non-cognitive constructs. The role self-efficacy plays is unique as, given the credibility of negative feedback, even “highly talented individuals” can have their skills “easily overruled by self-doubts” (Bandura, 1997, p. 37). Therefore, to determine whether game-based learning has a real positive effect on motivation—beyond the effect of novelty—a thorough understanding of how the game-based learning experience influences self-efficacy beliefs is essential. Bandura provides a clear description of how best to measure self-efficacy (Bandura, 1997). Each question should be written in terms of “I can.” Enough questions that target concrete tasks within the target content area (e.g., Mathematics) and vary in difficulty should be included. This allows for a generalizable estimate of the respondent’s efficacy beliefs—i.e., self-efficacy for the construct (e.g., Mathematics) rather than the specific task (e.g., summing two numbers).
Our purpose for this scoping review is to gauge the existing research on self-efficacy and how it changes or doesn’t change in experimental studies of GBL. Beyond collecting general information about the studies being conducted (e.g., location, outcomes, populations), we are interested in exploring common elements of the instruments being used to measure self-efficacy. Specifically, we seek to answer the following research questions:
1. What are the primary areas being studied? (e.g., STEM, language)
2. What types of instruments are being used to measure self-efficacy?
3. What are common outcomes for self-efficacy in game-based learning (GBL)?
Methods
The foundation of this review was initiated by searching a series of relevant terms using Boolean logic in common databases focusing on self-efficacy and game-based learning. Table 1 shows the specifics of the search parameters and terms for the three databases: PsycINFO, Education Source, and ERIC. The results yielded 194 total publications. The results were screened with the following criteria: (1) an empirical study published in the past 10 years, (2) to a peer-reviewed or refereed journal, and (3) measured self-efficacy at least once during the intervention. The screening yielded 47 articles which were transferred to the full-text review process. After excluding 6 studies of which full text was unavailable and 12 studies that measured self-efficacy but used it as a mediating variable, 29 articles were extracted and compared to establish data to answer the research questions.
Table 1
Databases and search criteria used
	Database name
	Search Criteria
	n

	PsychInfo
	"self-efficacy OR self efficacy" AND "game-based learning OR game based learning"
	102

	Education Source
	"self-efficacy OR self efficacy" AND "game based learning OR game based learining"
	31

	ERIC
	"self-efficacy OR self efficacy" AND "game-based learning OR game based learning"
	61

	n = number of publications found in search.



Results
 As shown in Figure 1, the main subject area being studied was STEM, followed by vocational training and language learning. Other areas included general logic for puzzle solving (Bilgin, 2015), nursing training (Chang et al., 2022), earthquake emergency training for children (Feng et al., 2021), and history (Chu et al., 2015). Self-efficacy was measured as a dependent in 21 studies while playing a role as an independent in 8 studies, usually with other variables shown in Figure 2. Learning achievement (also described as an outcome or performance) was the most commonly measured variable. Other variables measured along with self-efficacy included the perceived ease of play, 21st-century skills, challenge, control, frustration, and empathy along with self-efficacy (See Figure 2).
Figure 1
Subject Areas of studies measuring self-efficacy
Figure 2
Other variables measured along with self-efficacy
With some variations according to each study’s context, the most frequently used scales were those of Pintrich et al. (1991), Pintrich & Groot (1990), Bandura (2006), and Britner & Pajares (2006). Six studies identified and adopted the most suitable self-efficacy measure that fits their context (i.e., population, subject area). They also cited the first validated source for the scale, which is a desirable practice considering the definition of self-efficacy (Bandura, 1997) which makes a premise of context-specific understanding.
An interesting finding emerged from the review process: many games have proved themselves to be effective in enhancing students’ performance in the target content, while the improvement in self-efficacy was not as great as that of actual performance. In other words, learners tended not to believe that they were not as good as they were after the intervention. As this is a preliminary qualitative finding, further research is needed to understand this gap between students’ beliefs about their performance and their actual performance. 
Overall, the studies indicated that GBL has a positive impact on improving students’ self-efficacy. However, it can also be interpreted to be affected by publication bias (Gage et al., 2017) that larger positive effect sizes are always welcomed. To precisely measure self-efficacy in GBL, a longitudinal approach is needed along with a precaution about collinearity. Since self-efficacy is sometimes nested in motivation (Schunk, 1995), high collinearity between the variables can compromise the reliability of some studies.
Discussion and Significance 
Although a significant number of studies measured self-efficacy as one of the means to prove that their research on GBL is effective, their understanding of self-efficacy tended to be shallow in many cases. It is observed that some studies adopted a general self-efficacy scale, which directly opposes the concept of self-efficacy initially proposed by Bandura (1997). In addition, five studies included in the review used a self-efficacy measure with an unvalidated scale or from a second source, which potentially includes some distortion from the original items. This study is meaningful in that it provides a retrospective for measuring self-efficacy in GBL and refreshes the academic community for a more trustworthy practice of measurement.
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