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Researchers have recognized the potential of using Mobile Serious Games (MSG) in teaching various subject matters. However, it is not clear how MSG impacts students differently based on their in-game performance. To fill this gap, the current study examined the MSG “SpacEscape” that teaches middle school students about the solar system through problem-solving activities. To understand whether SpacEscape could facilitate middle school student science learning based on their in-game performance, this study adopted a randomized experimental design and collected pre-test, post-test and game play data from the participants. Independent sample t-test and MANOVA with repeated measures (N = 228) were conducted. The results showed that SpacEscape significantly improved science learning for middle school students. In addition, the game significantly improved students’ science knowledge test scores regardless of their in-game performance. Furthermore, students enjoyed playing SpacEscape in the class, and we hope this study will inform the direction of future study in the field.
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1. Introduction

Under the traditional, didactic lecturing approach, students are passively participating during their learning, which has been proven to be far less effective at teaching the desired content to students (Bransford et al., 2000). Based on the constructivist theory (Piaget, 2013), a learner must be an active participant in learning as the process of learning new information necessarily involves integrating the new knowledge into the learner’s previous background knowledge. Scholars have suggested that humans are naturally hardwired to find active learning enjoyable (Gee, 2003), which makes learning more effective, and learners can apply what they are learning to real-world situations (Hartikainen et al., 2019).

The concept of “Serious Games” (SG) or teaching pedagogical content via a game (e.g., board game, video game, etc.) is developed based on constructivist ideology. In Abt (1987), Abt first defined SG as games that are created for “non-entertainment purposes” (p. 9). Different from gamification, which has visible learning goals (Kalogiannakis et al., 2021) and aims to “alter a contextual learner behavior or attitude” (Landers, 2014, p. 759), the goal of SG is to motivate learner to play the game and achieve learning without even knowing the learning goals (Landers, 2014; Kalogiannakis et al., 2021).

In theory, games are inherently motivating by presenting players with challenges and enjoyment, meaning that players could engage with them for no external reward or benefit. Thus, when pedagogical content is embedded within a game, the learner would be exposed to and interact with the desired content in a meaningful and active way for many hours (Zhonggen, 2019; Naul and Liu, 2020). Besides motivation and enjoyment, SG could also potentially provide a powerful learning experience for learners where they can experience failure (Larson, 2020) and “learn by failing” (Charsky, 2010, p. 182). Since games are fail-safe, they give the learner an opportunity to fail, start over, and repeat the learning scenario until successfully finishing the game without real-world consequences.

This theory of using games for learning has been applied to analog games both ancient (e.g., early versions of chess teaching 7th century Indian military strategy) and modern (e.g., Monopoly, or The Landlord’s Game, teaching the dangers of laisse-fair capitalism). This potential was also recognized by different industries, such as training/learning in military, health care, corporate, non-profit organization, higher education, and K-12 school system (Michael and Chen, 2005; Annetta et al., 2010; Ma et al., 2011; Stanitsas et al., 2019).

For example, early in 1980, the United States Army commissioned Atari to retrofit their hit arcade game Battlezone for training Bradley tank gunners (Clark, 2008). Known as Army Battlezone or The Bradley Trainer, this early attempt at a SG never made it out of the prototype phase but shows the early interest by the United States military in the potential of this new medium. Since then, there have been notable successes and deployments of educational games and simulations such as with the United Sates Air Force’s training application Multi-Domain Command and Control (MDC2) Trading Card Game. This application was used to train USAF members to learn about Multi-Domain Operations. A study by Flack et al. (2020) showed that military members consider the game fun to play and can be used as an effective education and training tool. In the K-12 school system, educators also recognize the potential of SG. Particularly, many researchers have looked at using SG to teach science in middle school (Sánchez and Olivares, 2011; Lester et al., 2013; Liu et al., 2015). One example is CRYSTAL ISLAND (Rowe et al., 2009; Spires et al., 2011; Lester et al., 2013; Taub et al., 2017), which is an intelligent game-based learning environment designed to teach microbiology content to eighth grade students. In the environment, “students are required to gather clues, and create and test hypotheses, to solve a mystery” (Taub et al., 2020, p. 641). Alien Rescue is another SG that teaches science knowledge to 4–6th grade students through an immersive 3D environment (Liu et al., 2015; Kang et al., 2017; Liu and Liu, 2020). Empirical studies have shown that these web-based SG learning environments have facilitated student science learning and have also improved learning performance and motivation (Liu et al., 2011, 2019; Spires et al., 2011).

With the advancement of mobile technologies, whether in the form of a cell phone, tablet or Chromebook, it is possible to render a world of extraordinary detail which a player can interact with in real time using a ubiquitous mobile device. This allows for both levels of immersion and simulation that are otherwise unthinkable through other means. Further, the ubiquity and portability of these devices allow for creativity and integration in ways that would be impossible with a traditional desktop or computer.

Therefore, a few researchers also studied the impact of mobile serious games (MSG) (Sánchez and Olivares, 2011; Su and Cheng, 2015; Baek and Touati, 2017; Tlili et al., 2020). For example, Sánchez and Olivares (2011) investigated three MSGs to assess whether they can be used to help 8 to 10th grade students in Chile to develop problem solving and collaboration skills. They adopted a quasi-experimental design and collected data from 292 students, which showed that students had a better perception of collaboration skills and higher problem-solving score after using these environments. Therefore, they suggested that these MSG-based learning activities may contribute to student learning improvements and recommended that “future work could be to measure student learning to investigate whether the use of MSGs improves learning” (2011). In addition, Tlili et al. (2020) did a comprehensive review on the impact of MSGs. They reviewed 40 studies regarding computer and mobile educational games, and they found that mobile educational games are more friendly, accessible, immersive, and social compared to computer educational games.

Although researchers have recognized the potential of MSG in teaching problem-solving and collaboration, it is not clear how it impacts students differently based on their game performance. Therefore, using SpacEscape, which is an MSG designed by the research team for teaching middle school space science, this study aims to address the following three research questions:


(1)Can SpacEscape help student learning about space science?

(2)Is there a correlation between the student learning performance (i.e., test score) and their in-game performance (i.e., failed or succeeded in the game)?

(3)What are students’ perceptions of the MSG?





2. Materials and methods

This study obtained Institutional Review Board (IRB) approval from author’s home institution to conduct a study using mixed methods, which “combine the qualitative and quantitative approaches within different phases of the research process” (Clark, 2008, p. 22). The school and students who participated in the study are anonymized to protect their privacy.


2.1. The MSG environment

The study used an MSG named as SpacEscape, which is an Android application created by the research team consisting of faculty and students.1 The game was developed using the Google Android Studio Tool,2 and learners could, at the time of the research, download it directly from the Google Play Store. The game is designed based on constructivist theory by first presenting a problem and then requiring the student to be an active participant during the game play to solve the problem. By doing so, SpacEscape aims to fulfill two main objectives: (1) Teach solar system concepts to middle school students; and (2) Increase students’ interest in learning about science.

The game starts with an opening video to present the problem the learner will face in the game: a young girl named Lucy is playing with her pet dog Spark in a park; a spaceship passes by and invites Lucy to explore the solar system without informing Spark or her family. Luckily, they leave a walkie-talkie with Spark to communicate with Lucy. After the opening video, students enter the game login screen (see Figure 1). They can login using the assigned ID—an anonymous and unique 8-digit numerical number. Once students have logged into the game, they will carry out a search mission for the missing girl Lucy by playing as Spark.


[image: image]

FIGURE 1
The SpacEscape login screen on a mobile phone.


In the game, Lucy is staying on one of the planets or moons in our solar system. While Lucy is playing with aliens in space, she sends out 10 clues to Spark about the characteristics of this astronomical body in a random sequence (i.e., each student might get different clues in the game). Spark needs to locate Lucy based on these clues and conduct research in the game on the different planets and moons. Here are a few example clues: “Spark! It is freezing!!!!,” “The gravity here is similar to Earth,” and “It is covered with craters.” Figure 2 shows a series of screen-captures highlighting the game environment and interface.
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FIGURE 2
SpacEscape environment.




2.2. Participants

Of the 269 sixth grade students who participated in the study (139 boys, 122 girls, and 8 prefer not to tell), only the 228 sixth grade students (119 boys, 101 girls, and 8 prefer not to tell) who finished both pre- and post- test were included in the analysis. These students were all from a public middle school in the north-east region of the United States. The school has 891 students in grades 6–8 with a student-teacher ratio of 14 to 1 and has a good technology infrastructure. Specifically, the school is equipped with Google Chromebooks (i.e., one Chromebook per student), and has its own technology office to support teaching and learning. The overall rating of this middle school is above average compared to other schools in the United States. In addition, according to state test scores, a majority of the students in this school are proficient in math and reading.



2.3. Procedure and study design

To answer the first research question—whether SpacEscape could facilitate student learning, we adopted a randomized experimental design in this study (Kothari, 2004), as it could “increase the accuracy with which the main effects and interactions can be estimated (p. 40),” and “provide protection, when we conduct an experiment, against the effect of extraneous factors by randomization (p. 40),” while we further “eliminate the variability due to extraneous factor(s) from experimental error” (p. 40).

During the study, students were randomly divided into control and experimental groups based on their student ID. All students had attended their normal science curriculum which covered the solar system before the experiment. They also finished a pre-test on their space science knowledge a day before the experiment. The experiment was carried out during a supplement science activity class period (40 min). The experimental group students (n = 107, 67 boys, 36 girls, and four prefer not to tell) were given a Google Chromebook with SpacEscape pre-installed for them to play during the class period, while the control group students (n = 121, 51 boys, 66 girls, and four prefer not to tell) did not have access to the game but were free to conduct other activities related to solar system using their Chromebooks (e.g., reading books, browsing the internet, or watching videos on science topics). All students were given a post-test on their space science knowledge after the supplement science activity class.

To answer the second question, whether there is a significant positive correlation between the student learning performance (i.e., test score) and their in-game performance, we recorded students’ play data in the game. Specifically, how many rounds the student play the game and their game performance score—one point for a successful and zero for a failed game play.

To answer the third research question, students’ perception of the MSG, researchers added two open-ended questions during the post-test. Qualitative analysis was conducted using the collected data. Specifically, using an open-source, web-based digital texts analysis tool named Voyant (Stéfan and Rockwell, 2016), we examined students’ perception on the MSG.



2.4. Instruments

The pre- and post-test on space science knowledge had 10 identical multiple choices questions that were adopted and modified based on previous studies on SG and middle school science about the solar system (Liu et al., 2011, 2014, 2019). The test is designed to measure student factual knowledge on the planets. Each question worth 10 points, and the test is worth 100 points. The Cronbach’s alpha for the instrument was 0.76 for pre-test and 0.80 for post-test for this sample, which suggests that the instrument is reliable and consistent in measuring student science knowledge at both time points. One example of a question is:


“Which of these worlds is a gas giant?

A. Saturn.

B. Earth.

C. Pluto.

D. Not Sure.”



In addition, as we mentioned above, to understand students’ perception on the MSG, the study asked students two open-ended questions during the post-test, “What do you like about the game?” and “How would you improve the game?”




3. Results

Collected data were analyzed using both quantitative and qualitative methods. Specifically, IBM SPSS Statistics software package version 28 was used to conduct descriptive analysis, independent sample t-test and MANOVA with repeated measures. The results for the above three research questions (RQs) are discussed in this section.


3.1. RQ1: can SpacEscape help student learning about space science?

The independent-sample t-test was used to compare the effects of group differences between the experimental and control groups. For the control group, the average pre-test score was 41.57 (SD = 19.10) points and for the experimental group, the average pre-test score was 44.01 (SD = 20.18) points, see Table 1. There was not a significant difference in the learners’ science knowledge with the pre-test mean scores of the two groups at 0.05 alpha level; [t(226) = −0.941, p > 0.05]. This suggests that the performance of both groups was equivalent at the beginning of this study.


TABLE 1    Independent-sample t-test comparing means of pre-test scores between experimental and control groups.

[image: Table 1]

As for the post-test, the average post-test score for the control group was 50.58 (SD = 21.303) points, and the average post-test score for the experimental group was 63.55 (SD = 19.870) points. The independent sample t-test suggested that the difference between these two post-tests means was significant; [t(226) = −4.736, p < 0.001, see Table 2].


TABLE 2    Independent-sample t-test comparing means of post-test scores between experimental and control groups.

[image: Table 2]

Findings on the science knowledge test scores indicated that both the experimental and control groups were similar in their performance before playing the MSG. After the treatment (playing the MSG SpacEscape during the class period), the experimental group showed significant improvement in their science knowledge test scores compared to the control group.

To examine the main effect of learning using the MSG and different test times as well as the interaction between them, a multivariate analysis of variance (MANOVA) with repeated measures was used in addition to the independent sample T-test. See Table 3.


TABLE 3    MANOVA with repeated measures (main and interaction effects of playing MSG and test-time).

[image: Table 3]

The Wilks’ Lambda confirmed again that there was a statistically significant difference in academic performance based on the science knowledge pre and post-test, [F(1,226) = 133.755, p < 0.001; Wilk’s Lambda = 0.628, partial η2 = 0.372]. In addition, the multivariate test indicated that there was a significant interaction between the test time and MSG playing, [F(1,226) = 18.187, p < 0.001; Wilk’s Lambda = 0.926, partial η2 = 0.074]. This suggests that the increase in student science knowledge scores for the experimental group was due to the significant effects of playing the MSG.



3.2. RQ2: is there a correlation between the students’ learning performance (i.e., test scores) and their in-game performance (i.e., failed or succeed in the game)?

For the experimental group, 107 students played the game a total of 315 rounds during one class period, resulting in an average of 2.94 game play rounds per student. Two students played the game for more than 10 rounds during the 40-min allotted play session. We considered the problem solved if the student finds Lucy’s correct location once. For example, if a student played the game for three rounds, but only found Lucy once (i.e., succeeded once and failed twice), we still consider the student solved the problem in the game.

Therefore, among all the 107 students, 61 of them (57%, including 38 boys, 22 girls, one prefers not to tell) found the correct location for Lucy and solved the problem in the game, while 46 (43%, including 29 boys, 14 girls, and three prefer not to tell) did not find the solution—more students succeeded in completing the game than not, for both gender groups. See Figure 3.
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FIGURE 3
Game performance in experimental group.


We also compared the differences in the science test scores between these two group of students in the experimental group (i.e., succeeded in the game versus failed in the game). For students who succeeded in the game, the average pre-test score is 47. 21 points and the average post-test score is 68.36 points, resulting in an average score increase of 21.15 points. For students who were not able to locate Lucy in the game, the average pre-test score is 39.78 points, and the average post-test score is 57.17 points, resulting in an average score increase of 17.39 points. See Figure 4 for the test score comparison among all three groups.
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FIGURE 4
Test score comparison among three groups.


In addition to the above simple descriptive analysis, the independent-sample t-test was also used to compare the effects of group learning between students who successfully completed the game (i.e., succeed group) and those who failed to do so (i.e., failed group). For the succeed group, the average pre-test score was 47.21 (SD = 21.06) points and for the failed group, the average pre-test score was 39.78 (SD = 18.31) points, see Table 4. There was not a significant difference in science knowledge pre-test mean scores of the two groups at 0.05 alpha level; [t(105) = 1.909, p > 0.05]. This suggests that performance of both groups was equivalent at the beginning of this study.


TABLE 4    Independent-sample t-test comparing means of pre-test scores between succeed and failed groups.

[image: Table 4]

As for the post-test, the average post-test score for succeed group was 68.36 (SD = 18.09) points, and the average post-test score for failed group was 57.17 (SD = 20.51) points. The independent sample t-test suggested that the difference between these two post-tests means was significant; [t(105) = 2.989, p < 0.05, see Table 5].


TABLE 5    Independent-sample t-test comparing means of post-test scores between succeed and failed groups.

[image: Table 5]

The findings on the science knowledge test scores indicated that students in both the succeed and failed groups were similar in their performance before playing the MSG. After the treatment (playing the MSG SpacEscape during the class period), the succeed group showed a significant improvement in their science knowledge test scores when compared to the failed group. On the other hand, the failed group showed less improvement in the science knowledge post-test mean scores. The results suggest that the increase in student science knowledge scores for the succeed group could either be due to the significant effects of succeeding in the MSG or due to the test effect, which indicates pre-tests can have motivational and teaching functions for learners (Hartley, 1973; Marsden and Torgerson, 2012).

To examine the main effect of in-game performance in the MSG and different test-time as well as the interaction between them, the multivariate analysis of variance (MANOVA) with repeated measures was used in addition to the independent sample t-test, see Table 6.


TABLE 6    MANOVA with repeated measures (main and interaction effects of in-game performance and test-time).

[image: Table 6]

The Wilks’ Lambda confirmed again that there was a statistically significant difference in academic performance based on science knowledge pre and post-test scores, [F(1,105) = 112.026, p < 0.001; Wilk’s Lambda = 0.484, partial η2 = 0.516]. However, the multivariate test indicated that there was not a significant interaction between the test time and in-game performance, [F(1,105) = 1.064, p = 0.305; Wilk’s Lambda = 0.990, partial η2 = 0.010]. These findings imply that succeeding in the MSG had no significant impact on improving students’ science knowledge test performance.

Findings on game performance differences indicated that it did not have a significant effect on student learning. The findings indicated that both the succeed and failed groups showed significant improvement in their science knowledge achievement. Although the succeed students performed better than students who failed in the game, the differences were not significant considering the test effect.



3.3. RQ3: what are students’ perceptions of the MSG?

To understand students’ perception of the MSG, the study asked students two open-ended questions during the post-test, “What do you like about the game?” and “How would you improve the game?”

For the first question, the responses contain 1,728 total words, with an average words per sentence of 6.7. Voyant Tool (Stéfan and Rockwell, 2016) indicated that the most frequent words students mentioned are planets (64), learn (57), like (53), fun (18), and game (18), see Figure 5. We further examined these popular words to see how students talked about them, see Table 7. For example, when students mentioned planets, they talked about “learn about the planets,” “choose different planets you wanted,” “click the planets,” etc. In addition, analyzing the links between these words, the data also showed that students liked the game and liked to learn about the planets and facts in the game, see Figure 6.
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FIGURE 5
What student liked about the game.



TABLE 7    How students used popular words in phrases.

[image: Table 7]
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FIGURE 6
The link between popular words.


Admittedly, there were a few students (n = 5; 1.9%) that indicated that they did not like the game. However, based on other the responses from the first question, the feedback was overwhelmingly positive. Students liked the game because they could solve the problem and learn about the solar system while having fun. As for how they would improve the game, students provided various feedback, which can be categorized into the following types: (1) Content; (2) Difficulty level; (3) Interaction; and (4) Glitches; see Table 8 for the frequency and examples on each feedback type.


TABLE 8    Frequency and examples of each feedback type.

[image: Table 8]

Based on the data, students would like to improve the interaction in the game the most—108 students talked about this topic in their feedback, followed by feedback regarding the content of the game, such as feedback on the graphics, including more specific clues, and extra story lines. Students also pointed out one glitch in the game, which automatically logged the players out when they finished a game. A few students also mentioned the difficulty level of the game, although there was no consensus on whether to make it more difficult or easier.




4. Conclusion and discussion

In this study, we found that both the control group and the experimental group students had a significant improvement in their science test scores. The data also showed that the experimental group had a higher improvement compared to the control group despite the test effect. This indicates that the MSG is an effective tool in supplementing and reinforcing in-class instruction. This finding is encouraging, as it suggests that through problem-solving in the MSG, students indeed improved their performance in the science knowledge test. This is consistent with previous studies on MSGs which found that they may contribute to student science learning improvements (Sánchez and Olivares, 2011). It is worth mentioning that these improvements are not only significant, but also higher than students in the control group in this study.

In addition, further examination of students in the experimental group showed that the experimental succeed group had the highest improvement scores among all three groups, followed by the experimental students who failed in the game and finally the control group students who had the lowest improvement scores. This showed that even students who failed in locating Lucy in the game still learned relevant pedagogical content. Their improvement is not as high as the experimental succeed group, but these differences are not significant. In addition, they had higher post-test and improvement scores than students in the control group despite having lower pre-test scores. This finding is significant and consistent with the literature that failures could be valuable learning experiences for players in SG (Charsky, 2010).

Furthermore, the qualitative data suggests that students in the experiment group enjoyed playing the game, as they played this MSG almost 3 times on average during one class session. Two students even played more than 11 times. They liked to “learn about the planets” and “have fun.” This finding is consistent with the literature that games are engaging (Gee, 2003), and provide further evidence that MSG can improve student learning motivation (Liu et al., 2017). In addition, student feedback indicated that the MSG can be improved regarding content and game interactions. More study is also needed to decide whether SpacEscape improved student motivation in learning about other science topics by engaging students in learning about the solar system.

Admittedly, despite the encouraging findings, this study has its limitations. Firstly, the result is based on data that was collected from one middle school in the United States, which might not be generalized to other institutions. Therefore, having different student groups playing the game to see whether this result can be generalized is important for future study. In addition, this study only looked at pre- and post-test conditions, which were only 1 day apart. It is not clear whether the knowledge gained during this short period would be retained long-term. Therefore, future study needs to include a knowledge retention test, which could be conducted at 1–4 weeks after the play-testing period (Chittaro and Buttussi, 2015; van der Spek, 2011). Finally, since the study was conducted in a real-world classroom, the control group students could conduct various learning activities in the class. To improve on this, future study could have the control group students work on one specific activity to better control the experiment condition, which might increase the reliability of the study. Future research could also examine the difference between SG designed using a problem-based learning approach and SG designed using other pedagogical theories.

In conclusion, the data shows that the MSG successfully improved science learning for middle school students. Particularly, this improvement is significantly higher than students who did not play the game. In addition, the game significantly improved student’s science knowledge test scores regardless of their performance in the game. Finally, students enjoyed playing this MSG in the class.

For future studies, researchers can investigate why and how students who failed in the game still significantly improved their test scores. With the encouraging results, we hope this study will inform the direction of future study in the MSG field.
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Footnotes

1     https://harrisburgu.edu/spacescape/

2     https://developer.android.com/studio
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