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Abstract 11 

Due to the popularity and flexibility of Minecraft, educators have used this game to develop 12 

instructional materials and activities to cultivate student interests in science, technology, engineering 13 

and mathematics (STEM). One example of such an initiative is the What-If Hypothetical 14 

Implementations in Minecraft (WHIMC) project of the University of Illinois Urbana Champaign. The 15 

study reported in this paper describes a WHIMC deployment in the Philippines and the effects this 16 

deployment had on student STEM interest.  17 

The study used quantitative and qualitative methods to determine the effect of WHIMC on the STEM 18 

interest of Filipino students. We performed quantitative analysis of the pre- and post-STEM Interest 19 

Questionnaire (SIQ) ratings and Game Experience Questionnaire (GEQ) ratings of the high- and low-20 

performers to determine the effect of using WHIMC in the students’ STEM interest and the 21 

difference between the game experience of high- and low-performers, respectively. Qualitative 22 

analysis of the answers to the open-ended questions about the attributes of the module was also 23 

conducted to determine the relationship between the module attributes and student performance.  24 

The analysis of the aggregated SIQ ratings before and after using the WHIMC-based modules 25 

revealed only a minimal effect on the STEM interests of the students. However, there was a 26 

significant effect in the Choice Actions construct, which implies that students recognize the 27 

importance of studying hard if they want to pursue STEM-related careers. Further, the analysis of the 28 

overall GEQ of high-performers and low-performers also revealed no significant difference. 29 

Although no significant difference was observed in the overall GEQ, high-performers had 30 

significantly higher GEQ ratings in the Immersion dimension. This result suggested that high-31 

performers had a more positive, engaging, and enjoyable learning experience. Moreover, the findings 32 

on the favorite module attributes suggested that students perform better in the out-of-game 33 

assessments when they like all the module attributes. This implies that students must be engaged in 34 

the game and learning task aside from being interested in the learning topic to have better assessment 35 

scores. The study also showed that open-ended learning environments coupled with tasks that 36 
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demand exploration, observation, and higher-ordered thinking are demanding even on high-37 

performers. 38 

 39 

1 Introduction 40 

Learners often find STEM difficult because it requires complex thinking, repeated practice, and self-41 

discipline (Bertozzi, 2014). According to the PISA National Report on the Philippines, compared to 42 

the OECD average of 489 in Math and 489 in Science, Filipino students scored a low 353 and 357, 43 

respectively. Only 1 out of 5 attained the minimum proficiency level in math (Education GPS, 44 

OECD, February 2023). These results are corroborated by students’ performance in the National 45 

Achievement Test, where only 25% demonstrated mastery levels in math and only 5% of test takers 46 

demonstrated mastery levels in science. Thus, addressing STEM interest and achievement in the 47 

Philippines is an acute need. Improving students’ self-efficacy through learning experiences is 48 

essential to cultivating students’ interest and enthusiasm in STEM careers (Mohtar et al., 2019). One 49 

of the innovative ways to provide an engaging learning environment that keeps students interested 50 

and enthusiastic about STEM subjects is the use of games in learning. 51 

Digital game-based learning (DGBL) has become a growing educational trend in the classroom as an 52 

engaging teaching approach for improving student motivation and learning (Ennis, 2018; Leong et 53 

al., 2018; Hussein et al., 2019; Shang et al., 2019). Games provide more amusement, enjoyment, and 54 

aesthetic appeal (Alawajee, 2021). They can also encourage the player to learn, offer multisensory 55 

environments, and improve the capacity of a player to think and create meaning (Iliya & Jabbar, 56 

2015). The use of digital games can help students gain a more concrete understanding of abstract, 57 

theoretical topics while interacting with the learning material (Nkadimeng & Ankiewicz, 2022). 58 

Games have been advantageous for learning in different domains, including more authentic learning 59 

and increased student engagement because of their degree of interactivity and immersion (Alonso-60 

Fernandez et al., 2019). Since STEM subjects are complex and challenging to learn, games can be a 61 

great way to introduce learners to scientific concepts. Several studies have demonstrated the 62 

beneficial impacts of games on science education. A study on DGBL for elementary science 63 

education revealed increased student engagement, domain knowledge, and problem-solving skills 64 

(Lester et al., 2014). Students who played the personalized DGBL application about plants gained a 65 

significant increase in learning achievements and motivation (Hwang et al., 2012). In addition, 66 

students who learned about migratory bird identification with the DGBL environment have 67 

significantly outperformed their peers in the acquisition of learning and motivation (Chu and Chang, 68 

2014). The game Sorceress of Seasons was utilized to teach fundamental programming concepts. 69 

This resulted in increased positive attitudes towards programming, with female students reporting 70 

larger increases in computer science interest than males. The study suggests that games may be 71 

successful in increasing interest in STEM (Bonner & Dorneich, 2016). Further, the simultaneous 72 

presence of learning experiences and player self-determination while playing a STEM digital game 73 

might foster STEM interest (Ishak et al., 2022). The positive effects of digital games on student 74 

achievement, skills acquisition, motivation, and engagement have influenced educators, game 75 

developers, funding organizations, and researchers to use games across many platforms to teach 76 

STEM subjects (Bertozzi, 2014).  77 

Minecraft is one of the game platforms used to teach and encourage interest in STEM. Minecraft is a 78 

sandbox-style video game released in 2009 by Mojang and the most widely played game in the 79 

world, with more than 180 million copies sold to date (Bitner, 2021). Due to its popularity and 80 

flexibility, educators utilize this game platform to develop instructional materials and activities to 81 
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cultivate student interest in STEM. Pusey & Pusey (2015) used MinecraftEdu as an instructional tool 82 

to teach Earth Science topics to Grade 8 students in 2 schools in Australia. Along with the traditional 83 

teaching methods such as worksheets, slideshows, videos, and hands-on activities, the MinecraftEdu 84 

lessons were utilized once a week throughout the 5 to 6-week Earth Science program. Students who 85 

participated in the program expressed increased enthusiasm about attending science class because 86 

they liked the interactive learning, teamwork, and enjoyable coursework. This result showed that 87 

after the use of MinecraftEdu lessons, student interest in science has increased. Nkadimeng & 88 

Ankiewicz (2022) also reported a similar finding about using MinecraftEdu for a series of five 1-hour 89 

lessons in atomic structure in a South-African junior high school. Further, learning with 90 

MinecraftEdu makes abstract concepts easier to understand, promotes critical thinking, and is 91 

conducive to collaboration and motivation. Another study prepared four different STEM activities 92 

and asked 6th-grade science classes to use Minecraft Educational Edition for four hours per week. 93 

The researchers collected data on STEM interests using the STEM Career Interest Survey and 94 

Scientific Creativity Scale. Both scientific creativity and STEM interest levels statistically increased 95 

(Saricam & Yildirim, 2021). These results imply that MinecraftEdu might be suitable as a learning 96 

tool for Science and Chemistry subjects. Furthermore, there is evidence from prior studies that games 97 

have a positive effect on STEM interests. However, there is a lack of longitudinal studies. Indeed, 98 

papers such as those of Gao & Sun (2020) call for longitudinal studies to determine game-based 99 

learning's far-reaching effects. 100 

What-If Hypothetical Implementations in Minecraft (WHIMC; 101 

https://whimcproject.web.illinois.edu/) also aims to engage, excite, and generate interest in learning 102 

science. WHIMC is a set of Minecraft worlds teachers can utilize as supplementary activities in 103 

teaching STEM. It includes a Rocket Launch Facility, the Lunar Base LeGuin, and a Space Station as 104 

shown in Figure 1. It also includes exoplanets and different versions of Earths, e.g. Earth with no 105 

moon, Earth with a colder sun. WHIMC immerses learners in simulated environments wherein they 106 

can move around these different worlds and make observations while exploring them (What-If 107 

Hypothetical Implementations in Minecraft (WHIMC), n.d.; Yi & Lane, 2019; Manahan & Rodrigo, 108 

2022).  109 

WHIMC has been the platform for several studies. One such study conducted during a summer camp 110 

examined campers' actions by giving them a quick 10-minute presentation on hypothetical earth 111 

scenarios before allowing them to explore worlds in Minecraft. It revealed that sandbox games can 112 

spark interest in STEM subjects among underrepresented adolescents and that engagements with 113 

natural phenomena are possible in an open digital environment (Yi et al., 2020). Another study (Yi et 114 

al., 2021) examined interest triggers within Minecraft and found that personal relevance relates to a 115 

desire to reengage in camp content and with the design and structure of the intervention. Further 116 

study on STEM interest triggers within Minecraft in a hybrid summer camp found that various in-117 

game and contextual aspects of the learning experiences, such as instructional conversation, novelty, 118 

ownership, and challenge, triggered the learners' STEM interests (Lane et al., 2022). Gadbury and 119 

Lane (2022) encouraged teenagers to participate in five after-school sessions over the course of five 120 

weeks, during which they used Minecraft to explore several versions of Earth. The research 121 

investigates how different levels of STEM interest affect in-game science tool usage and observations 122 

across the hypothetical versions of Earth. The result revealed that participants with moderate STEM 123 

interests had the highest science tool usage, indicating high engagement and desire to learn. In terms 124 

of observations, participants with high STEM interests recorded high observations, suggesting 125 

confidence or high prior knowledge. Studies on the use of WHIMC were also conducted in the 126 

Philippines. The analysis of learner traversals of Minecraft worlds conducted in a grade school found 127 

a negative correlation between learner performance and overall distance traveled. This finding 128 
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implied that low performers wander early in gameplay while high performers use a depth-first search 129 

strategy when exploring an area and are goal-oriented (Esclamado & Rodrigo, 2022a). The study of 130 

(Casano & Rodrigo, 2022a) performed a comparative assessment of American and Filipino learner 131 

traversals and in-game observations within Minecraft against canonical answers from experts. The 132 

finding suggested that high performers make more observations aligned with canonical answers from 133 

experts than low performers. They also found a difference in the in-game behavior of low performers. 134 

Filipino students tend not to make in-game observations, while American students actively make in-135 

game observations. Another study looked at the achievement, behaviors, and STEM interests of 136 

frustrated and bored learners using WHIMC and found that frustrated learners tend to disengage from 137 

the game and bored learners tended to perform poorly on post-game assessments (Esclamado & 138 

Rodrigo, 2022b). Further, the analysis of game experience and STEM interest of primary school 139 

learners in the Philippines reported that high and low performers had the same level of game 140 

experience and that they like the game and learning-related WHIMC features. However, the learning 141 

task integrated into the WHIMC-based modules made learning difficult for the high performers, and 142 

technical bugs made learning difficult for the low performers. The finding on the STEM interest 143 

showed that high performers had a higher degree of agreement with the Stem Interest Questionnaire 144 

(SIQ) compared to the low performers (Casano & Rodrigo, 2022b). This study aims to continue the 145 

Philippine studies by promoting the use of WHIMC as a learning tool in a Philippine middle school 146 

to cultivate student STEM interests. Specifically, we seek answers to the following research 147 

questions:    148 

RQ1: What is the effect of using WHIMC on the STEM interests of students? 149 

RQ2: What is the difference between the game experience of high- and low-performers? 150 

RQ3: What is the relationship between the module attributes and student performance? 151 

 152 

2 Materials and methods 153 

The study used quantitative and qualitative methods to determine the effect of WHIMC on the STEM 154 

interests of Filipino students. We used an embedded design wherein we collected quantitative data 155 

from the SIQ and Game Experience Questionnaire (GEQ) survey questionnaires and qualitative data 156 

from the open-ended questions included in the GEQ questionnaire. Insights drawn from analyzing the 157 

answers to the open-ended questions about the module attributes might support the observations from 158 

the quantitative analysis of the SIQ and GEQ ratings. Therefore, we first performed quantitative 159 

analysis of the pre-SIQ and post- SIQ ratings and GEQ ratings of the high- and low-performers to 160 

determine the effect of using WHIMC in the students’ STEM interests and the difference between the 161 

game experience of high- and low-performers, respectively. We then performed a qualitative analysis 162 

of the answers to the open-ended questions on the attributes of the module was also conducted to 163 

determine the relationship between the module attributes and STEM interests. The research protocol 164 

was reviewed and approved by the University Research Ethics Committee of the Ateneo de Manila 165 

University.   166 

2.1 Teacher-Created Learning Modules 167 

The research team established a formal partnership with the University of Illinois Urbana-Champaign 168 

(UIUC) team to gain access to WHIMC’s content, code, and configuration details. A parallel server 169 

was then set up in the Philippines to run the experiments and manage the tasks without constantly 170 

coordinating with the UIUC team. After that, the research team established institutional partnerships 171 

with elementary and middle schools in the Philippines. Partner teachers were recruited, informed 172 
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about the project goals, and requested to design WHIMC-based learning modules and out-of-game 173 

assessments. The research team gave the partner teachers 30 days to explore the WHIMC worlds to 174 

familiarize themselves with the game. The partner teachers then chose specific topics within their 175 

respective academic curriculum levels where they thought a particular WHIMC world would fit. The 176 

partner teachers and the research team reviewed the learning modules for quality, viability, and 177 

curriculum alignment before using these modules in class. The research team then provided 178 

documentation to assist the partner teachers in preparing for the WHIMC module implementation. 179 

The project manager also gave the partner teachers Minecraft account credentials to be used by the 180 

participating students in their class before the module implementation. Only the partner teacher 181 

engaged with the students during the module implementation in the class sessions. However, 182 

members of the research team were available inside the Minecraft server to assist in resolving 183 

potential student problems. The research of Manahan & Rodrigo (2022) provides a more thorough 184 

explanation of the preparation and support given to partner teachers and their classes in integrating 185 

and implementing WHIMC in their curriculum. 186 

In this study, the partner teachers from a middle school in the Philippines developed two (2) learning 187 

modules for their Grade 8 science curriculum. Since Minecraft uses a biome system and adopts 188 

representation of real-world animals (Ekaputra et al., 2013), the partner teachers utilized WHIMC to 189 

teach topics on ecology. The partner teachers chose ecosystem as the topic for Module 1 and 190 

biodiversity and evolution for Module 2. The developed modules employed asynchronous and 191 

synchronous teaching modalities. The learning modules implemented a self-discovery teaching 192 

strategy where students are provided access to the WHIMC worlds before the 1-hour synchronous 193 

sessions to give students ample time to explore, provide observations, and infer an understanding of 194 

the worlds. The Minecraft game-play was integrated into the modules as a pre-lecture and motivation 195 

activity. Wang et al. (2022) found that students at different educational levels respond differently to 196 

games. Primary school students are at a developmental stage where they are unable to master the 197 

rules of the games quickly and are therefore attracted by the freshness and novelty of games. 198 

However, secondary and higher education students master the game rules quickly, resulting in 199 

decreased interest. Thus, the Minecraft game-play integrated into the module has no specific time 200 

limit to allow students to explore the worlds at their own pace. However, each Minecraft session 201 

must be completed before the synchronous session. Students need to complete 2 Minecraft game-play 202 

sessions. The learning tasks integrated into the WHIMC-based modules were designed to apply a 203 

number of higher-order thinking skills represented in Bloom's taxonomy. The game attribute of the 204 

modules consists of the exploration of the simulated environment of the WHIMC worlds. Students 205 

underwent training and orientation in Module 1, wherein they explored the space station and 206 

experienced the hub that supports life. They explored the built-in ecosystem of the Lunar Base 207 

LeGuin to identify the biotic and abiotic components and observe the systemic relationships of the 208 

staff in the area. In Module 2, students explored the What-If worlds, wherein they experienced the 209 

life of an astronaut. They also experienced different What-If scenarios of the planet Earth (Tilted 210 

Earth, No Moon, Colder Sun) that showed them opportunities to observe the planet under altered 211 

conditions. The observation of the students must revolve around the environmental change of the 212 

different versions of Earth compared to normal Earth, the appearance of trees, plants, and 213 

topography, the existence and behavior of animals, and compare the pressure, temperature, oxygen, 214 

radiation, atmosphere, altitude, and wind for each world. 215 

Each module began with an asynchronous session in which students explored the WHIMC worlds 216 

and recorded their observations as indicated in the module. After the asynchronous session, students 217 

turn in their answers for the formative assessments and activity worksheets. The 1-hour synchronous 218 

session focused on the discussion of the lesson using simulations and inquiry-based learning to 219 
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encourage student active participation, followed by a knowledge assessment related to the topic. See 220 

Figures 2 and 3 for the excerpt of the developed WHIMC-based modules. 221 

2.2 Participants  222 

The entire Grade 8 school population consisting of 8 class sections were recruited for the study. 223 

However, out of the 212 prospective participants, 31 opt not to participate and 64 did not complete 224 

the survey questionnaires they were asked to answer. Thus, the total participants in this study were 225 

117 middle school students (53 male and 64 female) aged 13-14 years old.  The collection of data 226 

from the participants was approved by the University Research Ethics Office (UREO). The students 227 

submit the signed consent forms indicating their participation in the experiment prior to data 228 

collection. The data used in the analysis come from the Stem Interest Questionnaire (SIQ) ratings, 229 

Game Experience Questionnaire (GEQ) ratings, and answers to the open-ended questions about the 230 

module attributes, alongside the performance ratings (high or low) of the participants. 231 

2.3 Pre-Test and Post-Test 232 

Before using WHIMC, the students complete the pre-SIQ to determine their baseline interest in these 233 

domains. The students took knowledge assessments, the GEQ, and the post-SIQ as post-test after 234 

using WHIMC. The SIQ was given as a pre-test and post-test to determine whether using the 235 

WHIMC-based modules made an impact on the STEM interests of students. 236 

2.4 Knowledge Assessment 237 

Students took knowledge assessments after the asynchronous and synchronous sessions of each 238 

module. The out-of-game assessments consisted of formative evaluations, asynchronous worksheets, 239 

and long tests. The observations made by the students while using WHIMC served as formative 240 

evaluations. After the asynchronous session, students must complete the asynchronous worksheets 241 

associated with each module topic. Further, long tests consisting of identification and essay questions 242 

related to the module topics were administered after the synchronous sessions. High-performers and 243 

low-performers were identified based on their out-of-game assessment scores. High-performers (HP) 244 

are those students with total assessment scores exceeding the mean score (HP = s > x̄). Conversely, 245 

low-performers (LP) are those students with total assessment scores below or equal to the mean score 246 

(LP = s ≤ x̄). 247 

2.5 Stem Interest Questionnaire (SIQ) 248 

The pre-SIQ determined their interests prior to using WHIMC. After answering the SIQ, students 249 

were given access to the WHIMC worlds and instructed to follow the guidelines described in the 250 

teacher-created learning modules. Students then answered the post-SIQ and the Game Experience 251 

Questionnaire (GEQ) after using WHIMC. The out-of-game assessment questions that are part of the 252 

teacher-created learning modules were then given to the students to complete the data collection 253 

process.   254 

The SIQ used in this study is an abridged version of an original Student Interest and Choice in STEM 255 

(SIC-STEM) questionnaire developed by Roller et al. (2018), which was based on the Social 256 

Cognitive Career Theory (SCCT) questionnaire of Lent & Brown (2008). This instrument is 257 

employed to characterize and assess the propensity of students to pursue STEM careers. In this 258 

framework, five dimensions (SCCT constructs) are identified to describe STEM interests: Self-259 

efficacy: the judgment of one’s perceived ability; Outcome Expectations: the perceived consequences 260 
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of one’s decisions and; Interests: the affinities of a person; Choice Goals: the perception that the 261 

choice to acquire STEM-related knowledge is important in the future; and Choice Actions: the 262 

perception that STEM-related actions today will provide support in a future career.  263 

The SIQ used in this study consisted of 10 items from the SIC-STEM questionnaire based on their 264 

relevance to WHIMC and the teacher-created learning modules. The respondents rate their level of 265 

agreement using a 5-point Likert scale format (1 - strongly disagree, 2 - disagree, 3 - neutral, 4 - 266 

agree, 5 - strongly agree). Table 1 presents the mapping of the SIQ items to the SIC-STEM 267 

constructs. 268 

2.6 Game Experience Questionnaire (GEQ) 269 

The GEQ used in this study is also an abridged version of the instrument developed by IJsselsteijn et 270 

al. (2013) to measure the factors in a game that contribute to an engaging gameful experience 271 

described across seven (7) dimensions of the player experience namely, Immersion: how strongly the 272 

players felt connected to the game; Flow: how much the player lost track of their own effort or time 273 

while playing the game; Competence: the player’s judgment of their own performance against the 274 

game’s goals; Positive Affect and Negative Affect: reports of positive and negative emotional 275 

experiences while playing the game; Tension: reports relating to frustration and annoyance; and 276 

Challenge: an indication of how difficult the players found the game to be. Johnson et al. (2018) 277 

validated the GEQ used in this study and the findings suggest a revised structure that reduces the 278 

seven dimensions to five factors. Flow, immersion, competence, and positive affect dimensions have 279 

some empirical support. However, it was noted that items in the negative affect, tension, and 280 

challenge dimensions overlap and should not be evaluated independently. It would be more 281 

acceptable to see these aspects as being merged into a single negative factor. Since we wanted a fine-282 

grained analysis of the negative gaming experience of the students while using WHIMC, we treated 283 

the negative affect, tension, and challenge dimensions separately.  284 

The questionnaire used in this study was adopted from Casano & Rodrigo (2022b). The instrument 285 

only included 23 items that seemed relevant to the context of WHIMC and the teacher-created 286 

learning modules out of the 33 core module items of the original GEQ. The respondents rate their 287 

level of agreement with the items using a 5-point Likert scale format (not at all - 1, slightly - 2, 288 

moderately - 3, fairly - 4, extremely - 5). Table 2 presents a mapping of the GEQ items to the player 289 

experience components. 290 

Four (4) open-ended questions were appended to the GEQ. These questions were: What was your 291 

favorite part of the module and why?; What was your least favorite part of the module and why?; 292 

What about WHIMC made the topic fun, interesting, or easy to learn?; and What about WHIMC 293 

made the topic boring and/or difficult to learn?. 294 

2.7 Data Analysis 295 

To answer the research questions of this study, we conducted statistical analyses of the pre-SIQ and 296 

post-SIQ, GEQ, and answers to the open-ended questions on the module attributes. Paired samples t-297 

test was used to analyze the pre-SIQ and post-SIQ ratings of the students to determine the effect of 298 

using WHIMC on the STEM interests of students. Independent samples t-test was used to compare 299 

the game experience between the high-performers and low-performers using their GEQ ratings. A 300 

point-biserial correlation was used to determine the strength and direction of association of each 301 

favorite module attribute between the high-performers and low-performers. 302 
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For the qualitative analysis, the text data (responses to the favorite and least favorite open-ended 303 

questions on module attributes) were analyzed using thematic analysis. The text data were assessed 304 

and tagged by coders as being related to the learning topic, learning task, or game attribute of the 305 

teacher-created learning module. 306 

The resulting dataset was then subjected to the bag-of-words approach for text analytics. In 307 

particular, pre-processing was conducted to transform the text data into a quantifiable form. The text 308 

data was converted into lowercase form, removal of punctuations, special symbols, numbers, and 309 

extra whitespaces, stopwords (pronouns and other common yet irrelevant words), stemming 310 

(transformation to base form), and stem completion (transformation to sensible form). Finally, the 311 

text data were tokenized and transformed into a document-term matrix. 312 

The transformed text data was then merged with the performance and thematic tagging data, and 313 

were then subjected to statistical treatments. Descriptive visualizations were employed to 314 

characterize the responses of the students. Word clouds were used to show the relative frequencies of 315 

dominant words for each module and each type of response (favorite or least favorite attribute).  316 

3 Results 317 

3.1 Analysis of SIQ Ratings 318 

The students answered the SIQ twice: before and after playing WHIMC. A paired-samples t-test was 319 

conducted to compare the SIQ ratings of the students before and after using WHIMC as a learning 320 

tool. The analysis of the SIQ ratings revealed that there was no significant difference in the overall 321 

pre-SIQ ratings (M = 3.60, SD = 0.27) and post-SIQ ratings (M = 3.65, SD = 0.29) using WHIMC; 322 

t(116)= -1.78, p = .077. There is only a slight increase in the overall SIQ ratings after using WHIMC. 323 

This result suggests that using WHIMC as a learning tool only has a minimal effect on the STEM 324 

interests of the students 325 

To conduct further analysis on the SIQ ratings, paired samples t-tests were conducted to compare the 326 

SIQ ratings of the students before and after using WHIMC on the different SIC-STEM constructs. 327 

The result of the statistical analysis revealed that only the Choice Actions construct of the 5 SIC-328 

STEM constructs showed a statistically significant difference. The pre-SIQ rating of the Choice 329 

Actions construct (M = 3.34, SD = 1.13) significantly increased after using WHIMC (M = 3.50, SD = 330 

1.00); t(116) = -2.263, p = .025. This result indicates that the students understood the importance of 331 

studying hard and earning high marks in class if they are interested in STEM-related careers. Figure 4 332 

presents the bar chart showing the aggregated pre-SIQ and post-SIQ ratings on each SIC-STEM 333 

construct. 334 

Figures 5a shows the bar charts of the pre-SIQ and post-SIQ ratings on each SIC-STEM construct of 335 

the low-performers. Paired-samples t-tests were conducted on each construct and results show that 336 

the pre-SIQ rating for the Self-efficacy construct (M = 3.49, SD = 0.59) significantly increased after 337 

using WHIMC (M = 3.63, SD = 0.67); t(53) = -2.127, p = .038. This finding might indicate that the 338 

low-performers gained some confidence in their ability to understand science concepts.  339 

Figures 5b shows the bar charts of the pre-SIQ and post-SIQ ratings on each SIC-STEM construct of 340 

the high-performers. Paired-samples t-tests were conducted on each construct and results revealed 341 

that the pre-SIQ rating for the Interest construct (M = 3.60, SD = 0.77) significantly increased after 342 

using WHIMC (M = 3.74, SD = 0.80); t(62) = -2.092, p = .041. High-performers' increased level of 343 
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agreement in the Interests construct may be related to how much they enjoyed and persisted in 344 

completing the assigned tasks from the WHIMC-based modules.  345 

The observations on the analysis of each SIC-STEM construct provided some evidence that the 346 

teacher-created learning modules using WHIMC increased some aspects of STEM interest among 347 

students. 348 

3.2 Analysis of the GEQ Answers  349 

The GEQ was administered to measure the factors in a game that contribute to an engaging gameful 350 

experience described across 7 dimensions of the player experience: Positive Affect (PA), Negative 351 

Affect (NA), Immersion (I), Flow (F), Competence (C), Challenge (Ch), and Tension (T). 352 

Independent sample t-test was used to determine if there is a significant difference in the overall 353 

GEQ ratings between the high- and low-performers. The statistical test result revealed no statistically 354 

significant difference in the overall GEQ ratings between the high-performers (M=2.48, SD=0.13) 355 

and low-performers (M=2.38, SD=0.19); t(103)=-1.311, p=.193. This result revealed that both groups 356 

had the same level of engagement in using WHIMC as a learning tool. Independent samples t-tests 357 

were used on each dimension to check for differences between high- and low-performers. The tests 358 

revealed that only the Immersion dimension had a significant difference between the groups. High-359 

performers have significantly higher GEQ ratings (M=3.34, SD=0.56) compared to the low-360 

performers (M=3.04, SD=0.68) after using WHIMC; t(106)=-2.584, p=.011. This finding suggested 361 

that high-performers connected more deeply with the game and may therefore have had a more 362 

engaging learning experience than low-performers. Figure 6 shows the GEQ ratings of the high- and 363 

low-performers on each GEQ dimension. 364 

3.3 Analysis of the Open-Ended Answers 365 

Insights drawn from analyzing the answers to the open-ended questions about the module attributes 366 

might complement the observations from the analysis of the SIQ and GEQ ratings discussed in the 367 

previous sections. We conducted qualitative analysis of the responses to the open-ended questions to 368 

determine the relationship between the module attributes and student performance. 369 

The individual answers of the students about their favorite and least favorite attributes of the module 370 

were assessed and tagged as feedback about the learning topic, learning task, or game module 371 

attribute. Three coders categorized 468 rows of open-ended answers using the criteria described in 372 

Table 3. The coders coded independently using a spreadsheet containing the class numbers with the 373 

corresponding open-ended answers and three (3) columns with headings indicating the three module 374 

attributes. Each coder tagged the open-ended answer by filling in the columns with either 1 or 0 375 

indicating the presence or absence of the module attribute in the feedback. The coders unanimously 376 

coded 995 (70.87%) module attributes, two (2) coders were in agreement for the 383 (27.28%) 377 

module attributes, and 26 (1.85%) module attributes were coded differently by each coder. The 378 

coders then convened to reach a consensus on the differences in the coding.   379 

 380 

3.3.1 Analysis of the answers to the favorite part of the module 381 

The 234 rows of labeled data containing the values of favorite module attributes were analyzed using 382 

frequency count to determine the favorite module attributes and the number of favorite attributes. A 383 

point-biserial correlation was also performed to determine the strength and direction of association of 384 

each favorite module attribute between the high-performers and low-performers. This statistical 385 
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analysis was utilized since the nature of the data is dichotomous.  386 

The bag-of-words text analytics approach was then applied to the text data. The transformed text data 387 

was then merged with the performance for quantitative text analytics. This analysis was performed to 388 

characterize the text data and identify the underlying themes. 389 

Figure 7a shows that the favorite module attribute of both groups is the learning topic of the modules. 390 

This result implies that high-performers and low-performers enjoyed the lessons integrated into the 391 

WHIMC-based learning modules. High-performers liked all the module attributes except the learning 392 

task attribute of Module 2. On the other hand, low-performers prefer the learning topic module 393 

attribute over the learning task and game module attributes. 394 

The percentage of respondents on the number of favorite attributes (Figure 7b) revealed that most of 395 

the low performers mentioned 2 module attributes whereas high performers mentioned 3 module 396 

attributes in their responses about their favorite attributes in Module 1. However, for Module 2, both 397 

groups identified only one (1) module attribute as their favorite. Based on the data presented in 398 

Figure 7a, low-performers chose the learning topic and tasks as their favorite module attributes of 399 

Module 1. Further, both groups liked the learning topic more than the learning task and game module 400 

attributes of Module 2. 401 

Table 4 presents the point-biserial correlation result of the favorite module attributes. The table 402 

shows a significant positive correlation between the game module attribute and performance (rpb = 403 

.203, n = 117, p = .029). This implied that students who liked the game attribute of Module 1 404 

performed better in the out-of-game assessments. For Module 2, the performance has significant 405 

positive correlation with the learning task (rpb = .270, n = 117, p = .003) and game (rpb = .307, n = 406 

117, p = .001) module attributes while a significant negative correlation was observed for the 407 

learning topic (rpb = -.237, n = 117, p = .010). This finding could mean that students who chose the 408 

learning topic module attribute as their favorite did not perform well in the assessment. In contrast, 409 

students who performed better in the assessment chose the game or learning task module attribute as 410 

their favorite part of the module. We also found a significant positive correlation between the number 411 

of favorite attributes of Module 1 (rpb = .208, n = 117, p = .024) and Module 2 (rpb = .212, n = 117, 412 

p = .022) with the performance.  413 

These findings corroborate the result of the analysis of the GEQ ratings that high performers had a 414 

better quality of game experience compared to low performers. Students who liked the game and 415 

learning task module attributes are likely to perform better in the out-of-game assessments. We note 416 

that 2 out of the 3 out-of-game assessments are conducted after exploring the WHIMC worlds 417 

assigned in the modules. Thus, students must be engaged in the game and learning tasks to have 418 

better assessment scores. 419 

To characterize the responses of the high- and low-performers to the open-ended questions, word 420 

clouds were generated. As can be seen in Figure 8a, the most dominant word about the favorite 421 

attribute of Module 1 is learn. This finding suggests that both high performers and low performers 422 

mentioned learning in their responses. The other dominant words such as Minecraft and fun refer to 423 

the simulated environment using WHIMC, which is related to the game attribute of the module. The 424 

words ecosystem, biotic, and abiotic are related to the topic or lessons in Module 1. The word explore 425 

might be related to the learning task module attribute since students were asked to explore the 426 

WHIMC world Lunar Base LeGuin to identify the biotic and abiotic components and make 427 

observations about the systemic relationships of the people. This finding is aligned with the results of 428 

the quantitative analysis of the tagged text data since the dominant words relate to all the module 429 

attributes. 430 
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Similar to the findings in the responses about the favorite attributes of Module 1, learn is also the top 431 

word in the responses about the favorite attribute of Module 2 (Figure 8b). The words different, 432 

worlds, explore, and fun might refer to the ability of the students to explore the different worlds and 433 

the fun experience they had using WHIMC. These words are related to the game attribute of the 434 

module. The words that relate to the learning topic attribute are animals, things, interesting, and 435 

adapt. Students did not mention much in their responses about quests and observations, which are 436 

words related to the learning task attribute. This result indicates that while the students enjoyed the 437 

learning topic and game component of Module 2, they were less enthusiastic about the learning tasks.  438 

3.3.2 Analysis of the answers to the least favorite part of the module 439 

The same analysis discussed in the analysis of the answers to the favorite part of the module was also 440 

utilized to draw insights about the least favorite part of the module.  441 

Based on Figure 9a, the game and learning task attributes of Module 1 are the least favorite. This 442 

result might be because students encountered technical difficulties while playing and experienced a 443 

hard time completing the quests or tasks assigned in the module. For Module 2, most of the 444 

comments come from the high-performers and they identified the learning task module attribute as 445 

their least favorite. This might be because of the many tasks assigned in this module and the need to 446 

go through 3 What-If worlds, which require more time to complete and more observations to be 447 

recorded while playing the game. 448 

Figure 9b presents the number of least favorite attributes of the high- and low-performers. We can 449 

observe that at least 1 module attribute has been mentioned by both groups. The game attribute of 450 

Module 1 as shown in Figure 9a was identified to be the least favorite of both groups. However, for 451 

Module 2, most of the low-performers did not have a least favorite whereas high-performers 452 

mentioned at least one least favorite module attribute. The high-performers are less enthusiastic about 453 

the learning task module attribute. 454 

The result of the point-biserial correlation shows that the attributes of Module 1 and the number of 455 

least favorite attributes have no significant correlation with student performance as shown in Table 5. 456 

This result could mean that although students mentioned attributes of the module that they do not 457 

like, it does not influence their performance. In terms of Module 2, the Task module attribute has a 458 

significant positive correlation with student performance (rpb = .327, n = 117, p = <.001) and the 459 

number of favorite attributes (rpb = .202, n = 117, p = .029). The result implies that students who 460 

mentioned the Task module attribute as their least favorite perform better than those who did not. 461 

When high-performers comment about the learning task module attribute, this might be because they 462 

experienced a hard time doing the assigned tasks but are still motivated to complete them. 463 

To characterize the responses of the high- and low-performers to the open-ended questions on the 464 

least favorite module attributes, word clouds were generated. The top five dominant words for the 465 

responses on the least favorite attributes of Module 1 (Figure 10a) are time, Minecraft, hard, going, 466 

and confusing. These words describe the experience that the students had while playing WHIMC. 467 

Students mentioned in their comments that they had a hard time connecting to Minecraft, going to 468 

different worlds or portals, and sometimes being confused about what to do next. This finding 469 

implies that most of the comments are related to the game attribute of the module.   470 

The top five dominant words for the responses on the least favorite attributes of Module 2 (Figure 471 

10b) are time, quests, Minecraft, confused, and find. These words relate to the experience that the 472 

students had while doing the tasks integrated into the module using WHIMC. Students commented 473 

about experiencing a hard time completing the quests, finding the NPCs, and being confused about 474 
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where to go next to complete the quests. These comments relate to the task and game attributes of the 475 

module.   476 

Why did student preferences differ from Module 1 to Module 2? We offer some speculation: The 477 

learning objectives of Module 1 were simple (see Figure 2), and students only had to explore the 478 

biodome to perform the learning tasks and get the answers to the out-of-game assessments. This 479 

means that Module 1 tended to be easy, which may account for why high-performers liked all the 480 

module attributes and low-performers liked the topic and task attributes. Low-performers did not 481 

express liking the game attribute, a sentiment echoed by their GEQ responses, in which they had 482 

slightly higher ratings for Negative Affect and Tension dimensions compared to high-performers. 483 

Low-performers might have found the open-ended learning environment confusing. They might not 484 

have had a high-level understanding of their location, leading them to wander without purpose 485 

(Esclamado and Rodrigo, 2022a).  486 

For Module 2, students had to explore three WHIMC worlds (Tilted Earth, No Moon, Colder Sun). 487 

They had to make observations to infer the possible adaptations of organisms and explain how these 488 

adaptations could lead to species diversity and survival. Module 2 was harder and more open-ended 489 

than Module 1. This might explain why many high performers expressed not liking the task module 490 

attribute.  491 

4 Discussion 492 

Learners often find STEM difficult because it requires complex thinking, repeated practice, and self-493 

discipline. Hence, educators are thinking of innovative ways to provide an engaging learning 494 

environment that keeps students interested and enthusiastic about STEM subjects. Minecraft is one of 495 

the innovative approaches that has been adopted in science education (Pusey & Pusey, 2015; 496 

Nkadimeng & Ankiewicz, 2022). Thus, the purpose of this study is to continue to promote the use of 497 

WHIMC-based modules as a learning tool to cultivate the STEM interests of Filipino middle school 498 

students.  499 

Our first research question is to determine the effect of using WHIMC on the STEM interests of 500 

students.  The result of the analysis of the aggregated SIQ ratings before and after using the WHIMC-501 

based modules revealed only a minimal effect on the STEM interests of the students. This implies 502 

that the implementation of the WHIMC-based modules in a Philippine middle school did not reveal a 503 

significant impact on the students’ STEM interests based on their SIQ ratings. This finding supports 504 

the result of the analysis of the STEM interest of primary school learners in the Philippines (Casano 505 

& Rodrigo, 2022b). But the result of this study is promising since there is still an increase in the SIQ 506 

ratings of students after learning two ecology topics with WHIMC. Further, there is a significant 507 

increase in the Choice Actions construct, which suggests that the students appreciate the importance 508 

of motivation to study hard and get good grades if they want to pursue STEM-related careers. 509 

Moreover, the significant increase in the Self-efficacy ratings of low-performers might suggest that 510 

they gained some confidence in their ability to understand science concepts after using WHIMC. 511 

This result is aligned with (Nkadimeng & Ankiewicz, 2022) that using MinecraftEdu helped students 512 

gain a more concrete understanding of abstract topics. High-performers' increased level of agreement 513 

in the Interests construct may be related to how much they enjoyed and persisted in completing the 514 

assigned tasks from the WHIMC-based modules. This result corroborates the findings that using a 515 

digital game in teaching may be successful in fostering STEM interest (Bonner & Dorneich, 2016; 516 

Saricam & Yildirim, 2021; Ishak et al., 2022). Development of additional WHIMC-based modules 517 

focused on ecology topics might be needed to conduct a further evaluation to confirm or contrast the 518 
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result of this study. This endeavor will be challenging since successful module design and 519 

implementation is time-consuming and requires technical, pedagogical, and content knowledge. 520 

We also wanted to find out if there is a difference in the game experience between the high-521 

performers and low-performers. The analysis of the overall GEQ ratings revealed no statistically 522 

significant difference between the game experience of high- and low-performers. We can infer that 523 

the overall game experience with WHIMC was the same for high and low performers, which 524 

confirms the finding of (Casano & Rodrigo, 2022b). Statistical tests were also conducted for each 525 

GEQ dimension to check if there were dimensions that would reveal statistical significance between 526 

the high- and low-performers. Among the 7 GEQ dimensions, only the Immersion dimension showed 527 

a statistically significant difference between the groups. Although they have the same level of 528 

agreement for Negative and Positive Affect, Challenge, Competence, Flow, and Tension, high-529 

performers have significantly higher GEQ ratings on the Immersion dimension. With this finding, we 530 

can infer that high-performers had a more positive, engaging, and enjoyable learning experience with 531 

WHIMC than the low-performers. These results support the findings of other studies that game-based 532 

learning could increase learning achievement (Hwang et al., 2012; Chu & Chang, 2014), engagement 533 

(Lester et al., 2014; Alonso-Fernandez et al., 2019; Gadbury & Lane, 2022), desire to learn (Gadbury 534 

& Lane), and enjoyment (Alawajee, 2021).  535 

Lastly, we wanted to determine the relationship between the module attributes and student 536 

performance. The results of the thematic analysis of the open-ended questions revealed that the 537 

WHIMC-based module attributes could affect the student performance and interests of students in 538 

learning science concepts. The findings on the favorite module attributes suggest that students 539 

perform better in the out-of-game assessments when they like all the module attributes. This implies 540 

that students must be engaged in the game and learning task aside from being interested in the 541 

learning topic to have better assessment scores. This finding corroborates the result of the analysis of 542 

GEQ ratings, where high-performers have higher ratings for immersion and flow dimensions after 543 

using WHIMC. The dominant words and themes of responses relate to the integration of WHIMC 544 

into the modules that allow students to learn and have a fun and enjoyable learning experience. The 545 

comments about the students’ ability to understand the topics and the fun experience they had with 546 

the WHIMC-based modules could inform us about the suitability of using WHIMC as a learning tool 547 

in science education.  548 

The findings on the thematic analysis of the least favorite module attribute revealed that the game 549 

and learning task attributes are the least favorite for Module 1. This result might be because students 550 

encountered technical difficulties while playing and experienced a hard time completing the quests or 551 

tasks assigned in the module. This result is aligned with the findings of (Casano & Rodrigo, 2022b) 552 

that low performers experienced difficulty in learning because of technical bugs and the learning 553 

tasks made it difficult for high performers to learn. For Module 2, most comments come from the 554 

high-performers who identified the learning task module attribute as their least favorite. This finding 555 

might be because of the many tasks assigned in this module, which require more time to complete 556 

and more observations to be recorded while playing the game. High-performers acknowledged the 557 

difficulty of the learning task but were still motivated to complete them. Students who did not cite 558 

any least favorite module attribute emphasized how fun learning was and how well they understood 559 

the lessons. The negative comments about the game and task attributes should be addressed in the 560 

future development of WHIMC-based modules to enhance the student learning experience and 561 

interests in STEM. Future module developments should consider the appropriate task completion 562 

duration since students can complete the tasks at different times. To alleviate the technical difficulties 563 

encountered while using WHIMC, partner teachers should organize more time for students to 564 
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develop familiarity with the software so that they will be able to use the game's function effectively 565 

and efficiently.  566 

The results of the thematic analyses on the favorite and least favorite module attribute are consistent 567 

with the findings about game-based learning. Researchers found that it improves student motivation 568 

(Hwang et al., 2012; Chu & Chang, 2014; Ennis, 2018; Leong et al., 2018; Hussein et al., 2019; 569 

Shang et al., 2019), encourages the player to learn (Iliya & Jabbar, 2015, Gadbury & Lane, 2022), 570 

helps in easy understanding of topics (Nkadimeng & Ankiwiecz, 2022), and provides enjoyable 571 

coursework (Pusey & Pusey, 2015; Alawajee, 2021). With these findings, this research could 572 

contribute to the evidences of the impact of using game-based learning in teaching science concepts. 573 

This research contributes to the literature in a number of ways. It suggests that an open-ended 574 

environment can be used to foster STEM interest, which corroborates previous findings on the use of 575 

Minecraft during summer camps (Yi et al., 2020, Yi et al., 2021, Lane et al., 2022). It collects and 576 

analyzes game-based data from the Philippines, a population that is underrepresented in the literature. 577 

It also contributes to the conversation about how and when games should be used with instruction. 578 

The study shows that Minecraft can be fun and engaging but just because it is fun and engaging does 579 

not guarantee that it will lead to increased interest in larger domains such as STEM. The study also 580 

shows that open-ended learning environments coupled with tasks that demand exploration, 581 

observation, and higher-ordered thinking are demanding even on high-performers. Low-performing 582 

students may require more scaffolding and guidance.  Finally, the integration of educational games 583 

like Minecraft in classes requires lengthy lesson planning and technical preparation. Educators 584 

therefore have to curate the games well and monitor their outcomes in order to ascertain whether 585 

their use is truly worth the investment. 586 

5 Limitations to the Study 587 

The work presented in this paper has some limitations. First, the analysis is only limited to the 2 588 

WHIMC-based modules developed by partner teachers in a Philippine middle school. Thus, the 589 

findings from this initial study cannot be generalized because of the small number of topics used to 590 

determine the effect of using the modules on the STEM interests of students and game experience. 591 

We plan to have more partner teachers that will develop additional WHIMC-based modules and 592 

deploy these to other middle schools in the Philippines to see whether we can replicate the findings 593 

of this initial study.  594 

During the module implementation, in-game data were also collected along with the SIQ, GEQ, and 595 

open-ended questions. So far, we have not yet analyzed the in-game data consisting of students' 596 

observations, use of science tools, and map explorations. In future work, we plan to analyze these in-597 

game data to understand the in-game behaviors of students while interacting with the WHIMC 598 

worlds and their relationship to student performance and STEM interests. 599 
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Table 1. Mapping of SIQ items to the SCCT constructs 761 

SIC-STEM Constructs Items  

(SE) Self-Efficacy 1      I know I can do well in science.  

4      I think Science is challenging to learn. 

(OE) Outcome Expectations 9      After I finish high school, I will use Science often. 

10    I believe that I can use Math and Science to solve problems in the future. 

(I) Interests 2      I enjoy Science activities. 

3      I enjoy solving Science and Math problems. 

(CG) Choice Goals 5      Leaning Science will help me get a good job. 

6      Knowing how to use Math and Science together will help me to invent useful things. 

7      Understanding engineering is not important for my career. 

(CA) Choice Actions 8      I try to get a good grade in science because I have an interest in science jobs. 
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Table 2. Mapping of GEQ items to the player experience components 763 

GEQ component Items GEQ component Items 

(I) Immersion 2    I was interested in the game’s story 

9    It was aesthetically pleasing. 

14  I felt imaginative. 

15  I felt that I could explore things. 

19 I found it impressive. 

22 It felt like a rich experience. 

(P) Positive Affect 1    I felt content. 

3    I thought it was fun. 

5    I felt happy. 

10  It felt good. 

(F) Flow 4   I was fully occupied with the game. 

20 I was deeply concentrated on the game. 

(N) Negative Affect 6    It gave me a bad mood. 

7    I found it tiresome. 

12  I felt bored. 

(C) Competence 8    I felt competent. 

11  I was good at it. 

13  I felt successful. 

16 I was fast at reaching the game’s targets. 

(T) ension 17  I felt annoyed 

21  I felt frustrated  

   

   

  (CH) Challenge 18 I felt challenged 

23 I felt time pressured 
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Table 3. Attributes of the Teacher-Created Learning Modules 765 

Module Attribute Criteria 

Game If the answer mentions elements of the WHIMC map or interactions 

within the game world including references to in-game mechanics, the 

answer is categorized as Game. 

Learning Topic If the answer mentions being able to acquire information in some way, or 

learning facts while interacting with the WHIMC worlds, the answer is 

categorized as Learning Topic. 

Learning Task If the answer makes a reference to the tasks or mentions an in-game 

behavior as indicated in the teacher-created learning module, tag the 

answer with Learning Task. 
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Table 4. Point-Biserial Correlation Result of the Favorite Module Attributes 767 

Variables Statistics Topic Task Game 

No. of 

Favorite 

Attributes 

Topic Task Game 

No. of 

Favorite 

Attributes 

  Module 1 Module 2 

Performance 

Point 

Biserial 
0.003 0.129 .203* .208* -.237** .270** .307** .212* 

Sig. (2-

tailed) 
0.974 0.165 0.029 0.024 0.010 0.003 0.001 0.022 
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Table 5. Point Biserial Correlation Result of the Least Favorite Module Attributes 769 

Variables Statistics Topic Task Game 

No. of 

Favorite 

Attributes 

Topic Task Game 

No. of 

Favorite 

Attributes 

  Module 1 Module 2 

Performance 

Point 

Biserial 
0.003 0.085 0.097 .0.121 -.0.024 0.327** 0.037 0.202* 

Sig. (2-

tailed) 
0.972 0.362 0.297 0.194 0.794 0.000 0.691 0.029 
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