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Abstract: Recently, interest in STEM education has grown among researchers and educators, also 
considering the skills required to address the challenges of the 21st century. Supporting learning in 
STEM subjects is an open challenge, especially during secondary education, which is reflected in 
the implementation of innovative pedagogical practices, including approaches focused on Game-
Based Learning (GBL). This study analyzed the main issues addressed by research on game-based 
educational approaches applied to STEM teaching and learning in secondary school and their 
evolving trends. A text analysis of abstracts published in the past decade was conducted using T-
lab software. The “Word Analysis” function was used for preliminary visual mapping; then the 
“Specificity Analysis” and “Thematic Analysis of Elementary Contexts” functions were applied to 
explore changes in research directions and to map the themes covered by the most recent studies. 
The results showed that the implementation of games in STEM disciplines is a promising area of 
inquiry. A shift in research directions also emerged, currently more focused on studying how GBL 
can foster engagement and the emotional component of learning. Adapting to rapidly changing 
technology and integrating essential skills such as coding and computational thinking are additional 
challenges that the research community is facing. 
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1. Introduction 

The contemporary educational landscape in Science, Technology, Engineering, and Mathematics 
(STEM) is experiencing a substantial shift, predominantly influenced by the adoption of innovative 
and active pedagogical practices [1] that emphasize student-centered, collaborative, and inquiry-
based approaches, moving beyond traditional lecture-based methods. This change is seen as critical 
to preparing students to successfully participate in a technology-centered world by extending the 
meaning of STEM subjects beyond technological knowledge [2]. In fact, STEM education plays a vital 
role in equipping students not only with essential skills, but also with the ability to engage 
constructively with global challenges, thereby contributing to the progress of society [3]. The 
integration of innovative pedagogies in STEM education, therefore, is not just a response to evolving 
educational needs but a proactive step towards fostering a generation capable of navigating and 
shaping a rapidly advancing technological landscape. Effective STEM education at this level requires 
a real-world, problem-based approach that integrates knowledge and skills across science, 
technology, engineering, and mathematics [4]. 

Recently, there is also a growing emphasis on promoting “scientific literacy”. This concept, as 
defined by the Organization for Economic Co-operation and Development (OECD) [5], refers to the 
ability to engage with and make informed decisions about scientific questions and concepts. A key 
focus for researchers and stakeholders now lies in the integration of disciplines through 
multidisciplinary, interdisciplinary, and transdisciplinary approaches [6]. In this context, STEM 
literacy, which involves applying STEM knowledge and skills to “increase students’ understanding 
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of how things work and improve their use of technologies”, becomes critical to facing current and 
future challenges [7] (p.1). Consequently, science literacy should be viewed as a lifelong learning 
process, emphasizing participatory research and collaborative projects to design and implement 
innovative teaching practices [8]. Particularly, Ortiz-Revilla and colleagues [9] advocate for a 
pedagogical shift towards integrated STEM education that not only combines disciplines in a 
meaningful way but also embeds humanist values and a philosophical framework aimed at fostering 
citizenship and social justice. 

However, despite the growing global demand for qualified STEM graduates, a disturbing trend 
is emerging: student interest in STEM subjects is declining [10]. This decline represents a paradox in 
education, as it occurs at a time when STEM skills are increasingly vital to meeting the challenges of 
the 21st century. To bridge this gap, it is imperative to make STEM education more engaging and 
relevant, ensuring that students are not only prepared for future technological advancements, but are 
also motivated to pursue careers in these fields. Addressing this paradox involves rethinking and 
revitalizing STEM curricula to align more closely with students’ interests and the demands of a 
rapidly evolving society. Significant changes in teaching methodologies and programs are also 
needed to address other critical issues in promoting scientific literacy, such as lower youth 
engagement in science fields, socioeconomic inequalities, limited access to quality educational 
resources, and gender stereotypes [11,12]. Enhancing STEM education and reducing attrition rates 
involves not only structural and pedagogical reforms but also a deeper understanding of the socio-
psychological aspects that influence student engagement and success. Addressing the multifaceted 
challenges in STEM education requires a systemic approach that integrates institutional strategies, 
such as orientation programs, early warning systems, and faculty development [13]. 

Supporting learning in STEM, as well as maintaining and increasing students’ interest, is an 
open challenge especially during the secondary education [13,14]. In fact, it is at this stage that 
students build the foundation of their understanding in STEM fields. Therefore, this period is crucial 
for establishing core concepts and influencing future career ambitions [15]. Secondary education also 
plays a pivotal role in influencing students’ decisions regarding their academic future and careers. 
Indeed, during these educational years, different factors, including targeted interventions, peer 
influence and professional engagement, influence students' interest in STEM subjects. 

Targeted interventions are effective in transforming school environments and personal 
attitudes, thereby enhancing students’ academic performance, self-perception, and self-efficacy in 
STEM [16]. Peer influence is another significant variable: students are more likely to choose STEM 
careers when surrounded by peers with a strong interest in these subjects. This evidence suggests the 
importance of cultivating a STEM-focused culture within science classes to positively influence 
students’ career choices [17]. The involvement of STEM professionals in educational activities also 
plays a key role. Indeed, their participation makes STEM subjects more tangible and relatable, thus 
sustaining students’ interest. This interaction provides practical insights and inspiration, enriching 
the educational experience [18]. 

Given these premises, STEM learning during secondary school requires a combination of 
innovative and active teaching methods that convert natural curiosity into scientific literacy. Among 
these approaches, game-based educational strategies have emerged as a particularly effective method 
in STEM education [19,20]. These strategies leverage the engaging and interactive nature of games to 
enhance learning experiences, making complex STEM concepts more accessible and enjoyable for 
students. Moreover, by integrating Game-Based Learning (GBL) into the curriculum, educators can 
tap into students’ intrinsic motivation and curiosity, further enriching their journey in STEM 
education. 

1.1. Game-Based Learning and STEM Education: A Brief Overview 

In the last decades, the use of games in educational context is growing significantly due to their 
potential positive impact on learning processes. Despite the heterogeneity in the use of the game 
format in education, research has shown that GBL can engage students and offer a personalized 
learning experience, promoting long-term memory and providing practical experience [21]. Wouters 
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and colleagues [22] found that educational games outperform traditional teaching methods in 
improving learning outcomes, suggesting that games offer a more engaging learning experience. 
Similarly, Clark and colleagues [23] demonstrated that games significantly boost motivation and 
engagement, essential for effective learning. These findings highlight the value of games in making 
educational processes more interactive and impactful. 

Different forms of games are employed in learning and pedagogy, although defining GBL and 
differentiating between games and non-game environments in education can be challenging [24,25]. 
GBL refers to a type of game with clearly defined learning outcomes and requiring a design process 
that balances the need to cover the learning content with the enjoyment of the game [26]. 
Furthermore, GBL differs from gamification, which simply involves typical game elements within 
learning settings, such as rewards, in traditional educational activities [27,28]. Serious games (SG), 
defined as tools that aim to enhance entertainment with utility goals, including learning, are also 
recently finding wide application in the educational context [29,30]. 

It is usually assumed that the learning game is a digital game, but this is not always the case [25]. 
More precisely, Digital Game-Based Learning (DGBL) commonly refers to an instructional approach 
that includes any form or use of digital games in education [31] and, combined with Non-Digital 
Game- Based Learning (NDGBL) [32], represents the broader set of GBL. Digital games have the 
potential to allow users to manipulate objects and test solutions to problems without cost or risk 
[33,34]. DGBL merges educational content with gaming to offer versatile, engaging, and effective 
learning experiences, supported by constructivist theory, promising enhanced student engagement, 
motivation, customization, and the promotion of long-term memory and practical application of 
knowledge [21]. 

Several studies, spanning from gamification to serious games and educational simulations, have 
explored the impact of DGBL on educational outcomes, particularly within STEM education [35]. 
These investigations highlight DGBL’s potential to enhance learning achievements and 
comprehension across various educational levels, suggesting its efficacy in supporting the learning 
and teaching processes. Notably, DGBL has been credited with fostering engagement, and the 
development of critical thinking and problem-solving skills, which are pivotal in STEM education 
[36–38]. A recent meta-analysis by Gui and colleagues [39] identified a medium to large effect of 
DGBL on STEM learning outcomes compared to traditional methods, further emphasizing its 
educational value. 

Research indicates that gamified learning environments, by simulating real-world scenarios, 
enable students to apply theoretical knowledge in practical contexts, thereby enhancing their 
understanding of STEM concepts [40]. This approach not only makes learning more relevant and 
engaging but also highlights the practical significance of STEM education. Despite the proven 
effectiveness of game-based learning in promoting educational engagement and developing essential 
21st-century skills [41], recent discussions have raised questions about its qualitative impact on 
learning. These concerns underscore the need for ongoing research to optimize DGBL’s 
implementation and fully realize its benefits in educational settings. 

1.2. Methodological and Theoretical Considerations in GBL Research 

As mentioned above, the field of GBL in educational context has evolved significantly; 
nevertheless, some methodological and theoretical issues are currently a focus of interest for the 
scientific and scholarly community. 

For example, some researchers have argued that the positive effects of educational games and 
game-based learning environments relate only to engagement, with negative and distracting impacts 
on deep processing of learning contents [42,43]. About this issue, current research aims to investigate 
how to integrate elements such as storytelling, feedback mechanisms and scaffolding strategies into 
educational games to maximize user engagement without negatively impacting learning processes 
[44]. Specifically, the challenge is to balance the complexity of educational content with engaging 
game design to prevent overwhelming students. Indeed, it has been pointed out that educational 
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games can negatively impact the cognitive load involved in a task, although there is no unanimous 
agreement among researchers on this issue [45–47]. 

In response to this critical point, adaptive learning systems are being developed that adapt task 
difficulty based on learner performance [48]. Moreover, methods to assess cognitive load more 
accurately during game-based learning activities are being investigated, including physiological 
measures and self-assessment tools [49]. The study of GBL is also undergoing increased interest in 
Game Learning Analytics, an area that focuses on analyzing data from gameplay to understand 
students' learning behaviors, engagement levels, and overall performance [50]. This approach is 
becoming progressively more important for optimizing the educational value of games. 

Another factor that may have significantly influenced GBL and, more generally, of the use of 
educational technologies is the recent pandemic scenario. Particularly, the shift to distance education 
have affected school systems, leading to new research areas such as online learning effectiveness, 
equitable access to technology, virtual social interaction, and adapting traditional teaching methods 
to digital formats [51]. 

In addition to these points, it was also noted that many studies on the effectiveness of games in 
education have not used an experimental approach with pre-post-test measurements and that 
designing games that achieve a balance between learning and entertainment remains an open 
challenge [52]. 

The current study of the use of a gamified approach in education is therefore dealing with these 
newly described topics, but may also potentially be influenced by other variables, including the 
theoretical frameworks, and learning outcomes adopted. Additionally, the integration of emerging 
technologies and changes in teaching and learning environments is essential. For example, the rapid 
advancement in technology has made tools like Augmented Reality (AR) and Virtual Reality (VR) 
more accessible and affordable, enhancing their educational use and offering benefits like reducing 
costs for resources like laboratory equipment and creating more engaging learning scenarios. 

Considering this framework, the study of the applications of games in STEM education can thus 
be characterized by a heterogeneity of topics that reflect a dynamic and evolving field in which 
technology, pedagogy, and social change intersect, shaping the future of educational practices. The 
purpose of this study is to explore the main research trends over the past decade on the use of games 
for teaching and learning in secondary school STEM education to support knowledge dissemination 
and discussion of future research directions, priorities, and challenges. 

2. Methodology 

The study aims to investigate the main themes and developments in research on the gamified 
approach applied to the teaching and learning of STEM subjects in secondary school through a 
quantitative textual analysis of scholarly publications on the topic over the past decade. Specifically, 
for this purpose, the following questions were used: 
1. Main Research Trends. What are the main research trends in the use of game-based educational 

approaches for learning and teaching STEM in secondary schools in recent years? This question 
aims to map the landscape of research in this field, identifying key areas of focus and innovative 
practices. 

2. Evolution Over the Past Decade. What changes can be identified in the application of game-based 
educational approaches in secondary STEM education over the past decade? This question aims 
to explore how approaches and research interests have evolved in the scholarly community, 
including with respect to changes in educational priorities and technological advances.  

2.1. Study Selection 

The research process began with a systematic collection of titles and abstracts from peer-
reviewed papers and reviews published between 2013 and 2023. This data was sourced in March 2023 
using two major academic databases: Web of Science and Scopus.  

The selection criteria were carefully crafted to ensure the relevance and quality of the research 
material. Keywords used in the search were specifically chosen to capture the broad spectrum of 
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game-based educational approaches and their application in STEM education. The keywords 
referring to STEM were “STEM”, “math”, “science”, “chemistry”, “biology”, “physics”. The 
keywords “gamification”, “game-based learning”, “edutainment”, “serious game”, “applied game” 
were used for gaming. These were combined with the keywords “secondary school” and “high 
school”. In addition, the keywords “vocational”, “adult education”, and “adult training” were 
applied to exclude contributions not relevant to the targeted learners under study. 

After the initial extraction of records and the subsequent removal of duplicates and irrelevant 
entries, a total of 334 records were considered for detailed analysis. Lastly, contributions not relevant 
to the research question and related to studies of kindergarten and elementary school students were 
excluded, resulting in 278 eligible abstracts for analysis. These records have been organized into a 
structured dataset, which is publicly available for further research and analysis [53]. 

The selected titles and abstracts were then compiled into a single text file for analysis. The corpus 
was split according to the variable “year of publication”, allowing for a chronological analysis of the 
data. Three sub-corpus were created corresponding to the years 2013-2016 (sub-corpus “years_one”), 
2017-2019 (sub-corpus “years_two”), and 2020-2023 (sub-corpus “years_three”), enabling a 
comparative study of the trends and developments over these periods. 

2.2. Data Analysis 

The analysis was carried out using T-LAB, a software with linguistic, statistical, and graphical 
tools specifically designed for textual analysis [54]. 

The early stage of the analysis involved viewing the text to remove irrelevant lemmas, such as 
numerical values or proper names of games. Following this, some key steps were performed: 
applying an automatic list of “stop worlds” (i.e., “empty” words that do not convey meanings by 
themselves; e.g., adverbs, auxiliary and modal verbs, and prepositions); creating a list of “multi- 
words” (i.e., subsets of compound nouns or locutions; e.g., “Game- Based Learning”, “Virtual 
Reality”, “Educational Games”); grouping words and lemmas with the same meaning (e.g., “GBL”, 
and “Game- Based Learning”, “AR” and “Augmented Reality”); selecting for further analysis as "key 
words" only those lemmas with an occurrence in the whole corpus greater than 10; removing 
additional items among the identified keywords that did not convey particular meanings of interest 
to the study (e.g., “results”, “statistical”, “aim”, “finding”). 

The analysis included three steps. Firstly, for an early visual mapping of the entire text, the “Co-
word analysis” function, aimed at graphically representing the occurrences of the most frequently 
keywords and their relationship, was applied. Secondly, the “Specificity Analysis” function was used 
to identify, for each subset of the corpus, the words that are typically overused (those most present) 
or underused (those least present) compared with the remaining text under analysis, with the 
corresponding chi-square (χ2) value and its significance. Finally, for the sub-corpus “years_three” 
(corresponding to publications in the past three years), the “Thematic Analysis of Elementary 
Contexts” function was applied to represent the content of the text through some thematically 
significant clusters. Each cluster resulted in a set of sentences (“Elementary Contexts”; CE), 
characterized by the same keyword patterns and described through the lemmas that most define it. 
Each emergent thematic cluster was thus defined by a set of words sharing the same reference 
contexts and seen as a “common thread” not immediately recognizable within the overall plot of the 
text. For each representative keyword, T-LAB provided the relative χ2 value and its significance, 
allowing its “weight” in the corresponding cluster to be evaluated. In the present study, an 
unsupervised clustering focusing on a bottom-up approach was used. 

3. Results 

At the end of the preliminary stages of corpus preparation, the keywords consisted of 426 
lemmas and the entire text of 60016 occurrences. Application of the “Co-World Analysis” function 
provided an early visual representation illustrating the most frequent keywords and their 
relationships (Figure 1). 
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Figure 1. Co-world analysis: most significant keywords in the corpus. 

To examine the evolution of research trends in the application of educational games within 
STEM teaching and learning over the last decade, a “Specificity Analysis” was conducted. This 
analysis focused on identifying the lemmas that were either over-used or under-used in each sub-
corpus, defined by the “year of publication” variable. The over-used lemmas in each sub-corpus 
represent the words that appeared most frequently in that segment of the text, statistically, in 
comparison to the entire corpus being analyzed. Conversely, under-used lemmas are those that 
occurred least frequently. For each lemma, the corresponding χ2 value and its statistical significance 
were calculated and reported (Table 1). 

Table 1. Under-used and over-used lexical units of each sub-corpus and its χ2 value (p≤0.05). 

OVER USED UNDER USED 
2013- 2016 

Robot (25,06); Game (23,92), robotic (17,81); 
game_construction (15,44); risk (15,26); peer 

(15,27); simulation (15,05); computing (12,89); 
Europe (12,73); climate (11,81); mechanism 

(10,54); meaningful_learning (10,27); competition 
(9,59); child (8,35); software (7,74); curriculum 

(7,47); successful (7,24); quiz (6,69); serious_game 
(6,49) 

Activity (-6,94); periodic_table (-6,93); teaching (-
6,21); Covid- 19 (-5,89); coding (-5,19); 

student_engagment (-5,19); STEM (-5,19; post_test 
(-4,5); Game_Based_Learning (-4,38); satisfaction (-

4,17); pre-test (-4,15); narrative (-4,15); Earth (-
4,15); teacher (-4,02) 

 

2017- 2019 
Student_engagement (24,01); 

Game_Base_Learning (17,17); argumentation 
(13,31); discipline (13,31), competence (11,47); 

subject (11,16); art (10,95); computational thinking 
(10,34); creativity (9,23); inquiry_based (8,99); web 
(8,98); workshop (8,91); classroom (8,1); laboratory 

(7,82); STEAM (7,36) 

Soil (-9,6); learner (-8,88); Covid_ 19 (-8,6); 
platform (-7,87); robotic (-7,59); center (-7,59); 

emotion (-7,34); social (-7,03); flow (-6,58); genetic 
(-6,39); qualitative (-5,23); theory (-5,1); self- 

efficacy (-5,06); mental (-5,06); 
disability (-5,06); learning_efectiveness (-4,89) 

2020- 2023 
escape_room (25, 02); emotion (20,16); flow 

(16,67); genetic (10,45); theory (9,62); narrative 
(9,06); factor (9,04); need (9,05); session (7,12); 
educational (6,46); validity (6,31); board_game 

simulation (-27, 49); energy (-22, 84); project (-
19,46); competition (-10,13); argumentation (-8,24); 
peer (-8,24); framework (-7,63); green_chemistry (-
7,55); mobile (-7,49); student_engagement (-7,19); 
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(6,06); gamification (5,66); experience (5,42); 
in_game (4,69; intervention (4,64); virtual_reality 

(4,64) 

computational thinking (-7,17); game_costruction (-
6,86); robot (-5,75); creativity (-5,02); 

Game_Based_Learning (- 4,5); web (-4,04); ICT (-
3,91) 

 

Analysis of the typical words of abstracts in different years showed significant changes in the 
direction of research in the field of educational games for teaching and learning STEM subjects. 

2013-2016. The research was predominantly focused on tangible and interactive technologies in 
education, as indicated by the frequent use of lemmas such as “Robot”, “Game”, “Robotics”, and 
“Game Construction”, as well as on serious games and aspects of competitive game dynamics 
(lemma “Competition”). This result probably reflects an early interest in the basic and technical 
aspects of game-based learning in this period. In addition, the presence of terms such as “Simulation”, 
“Computing”, and “Meaningful Learning” suggests a focus on experiential and hands-on learning 
methods. 

2017-2019. The increasing use of the terms “Student Engagement” and “Game-Based Learning” 
suggests an increased focus on student-centered pedagogies and the integration of game principles 
into learning. Moreover, the emergence of “STEAM” (integration of the arts with STEM disciplines) 
and “computational thinking” may reflect broader, more holistic educational approaches. 
Publications in these years have also been characterized by an increased focus on “competence”, 
which requires a deeper investigation of cognitive and skill-based engagement outcomes. 

2020-2023. More recent research seems to be characterized by a trend toward studying more 
immersive and emotionally engaging learning experiences. In particular, the increase in the 
frequency of use of the lemmas “Flow”, “In Game”, and “Narrative” suggests a focus on storytelling 
and immersion in educational design. The decrease in the use of the term “Simulation” may also 
indicate a move away from traditional virtual environments toward more innovative and interactive 
approaches such as “Escape Rooms”. 

To investigate the main research themes in the last few years, particularly from 2020 to 2023, the 
study used the “Thematic Analysis of Elementary Contexts” function. This analysis identified five 
key thematic clusters within the sub-corpus “years_three”, which encompasses abstracts published 
during this latest period. The process involved a preliminary exploration of the lexical units and 
elementary contexts of each cluster; clusters were then named based on this early investigation of 
their characteristics. Detailed results d is presented in Figure 2 and Table 2. 

 
Figure 2. Thematic Analysis of Elementary Contexts: map of identified thematic clusters. 

  

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 21 February 2024                   doi:10.20944/preprints202402.1222.v1



 8 

 

Table 2. Overview of Key Thematic Clusters Identified in the Sub-Corpus “Years_Three” 

TYPICAL LEXICAL UNITS ELEMENTARY CONTEXTS (CE) 
experience (77,65); topic (57,12); 

mental (43,42); DGBL (39,05); flow 
(32,94); measure (32,58); game (26, 

24); motivation (23,98); feeling 
(22,31); frustration (22,3); 
intention_to_play (22,3); 

outcome_expectancy (22,3); post_test 
(22,19); knowledge (21,95); pre_test 

(21,6) 

Flow experience and in-game performance significantly impacted 
students’ post test scores (…) 

We measured their science self- efficacy, science outcome-
expectancy beliefs, flow experience, feelings of frustration, and 

conceptual_understanding before and after playing_the_game (…) 
This study examined the effects of reality-based interaction and VR 

on measures of student motivation and mental workload, in a 
mental arithmetic game (… 

application (36,2); methodology 
(29,36); COVID- 19 (28,55); 

pandemic (20,17); usability (20,17); 
active (18,1); disability (17,8); 

teaching_and_learning (16,89); 
strategy (16,65); efficienty (14,48); 

KAHOOT (14,24); 
Augmented_reality (14,18); 

traditional (12,54) 

This phenomenological research aims to explore physics teacher 
strategies in conducting traditional game_based_learning in 

senior_high_schools during the Covid-19 pandemic (…). 
The proposed application has used the techniques in 
augmented_reality and game_based_learning (…). 

(…) studying with KAHOOT is believed to improve the outcomes 
of teaching-learning processes for instructors and students. 
In this study, a mobile_application was presented (…) for 

learners_with_intellectual disabilities by applying 
augmented_reality.  

(…) Wordwall is rarely used in learning media because there has 
not been socialization and application in the 
teaching_and_learning process for teachers. 

model (80,26); theory (57,6); validity 
(56,25); inquiry (44,71); validation 

(28,77); control_group (25,61); 
combined_with_ edutainment 

(23,01); traditional_games (22,99); 
experimental_group (22,53); expert 

(17,67); achievement (17,51); 
learning_effectiveness (14,43) 

 

This study_examined (…) by exploring the connections between 
the expectancy-value theory of achievement motivation and flow 

theory.  
Three experts in the field assessed the validity of the kit. 

Also, the achievements of the students from the 
experimental_group are compared with achievements of students 

(….). 
Based on the result, the guided inquiry_learning_model 

combined_with_edutainment affects increasing student learning 
interest compared to guided inquiry and conventional model. 
Some studies that have used a hybrid pedagogical model are 

recorded, combining gamification with other pedagogical models. 
Emotion (51,23); educational 
(48,85); game (38,8); achivers 

(38,44); digital (36,48); opportunity 
(29,36); exercise (28,79); design 

(27,83); practice (25,43); link 
(18,08); scenario (17,93); 

collaborative (16,28); inclusive 
(15,36); positive_emotion  (15,36); 

help_students (14,42) 
 

This study showed that conventional exercises were detrimental to 
middle and high achievers’ learning emotions, although their 

concepts improved (…). 
Science teachers may try innovative activities such as collaborative 

games to maintain students’ positive emotions (…) 
(…) high achievers decreased their positive emotion, and middle to 

high achievers increased their negative emotion. 
This study explores how players engage in problem solving during 
a cross-platform collaborative learning game about cellular biology 

(…) 
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programme (73, 91); program 
(65,38); class (60,89); questionnaire 

(41,58); sample (30,15); student 
(25,76); achievement (24,25); survey 
(23,83); interest (21,73); personality 

(20,02); Scratch (18,81); schools 
(18,11); 

learning_process (14,05); 
participation (11,59); playful 
(11,59); digital games (11,26) 

This paper describes research introducing_students to 
programming concepts using a Scratch programming language 

(…)  
Students’learning interest questionnaire contains statements done 

by students before and after the learning_process. 
There are many programming environments and teaching 
approaches that address the learning needs of students (…) 

Results show different gender preferences for the three 
programming tools and, in some cases, different personalities (…) 
Moreover, all programming environments had different emotional 

effects on the students. 

In the first thematic cluster, labeled “Experience”, the analysis revealed a focus on experimental 
research in game-based learning. This is evident from lemmas such as “pre-test”, “post-test”, and 
“measure”, which point to empirical studies that measure the impact of gaming experiences. Key 
lemmas such as “experience” and “flow” indicate a direct interest in player involvement in games. 
In addition, this group includes research on variables that influence the effectiveness of games in 
STEM education, including “motivation”, “mental” (related to cognitive load), and “self-efficacy”. 

The second group, “Application”, is characterized by a set of words that collectively suggest a 
focus on practical implementation of the games. This includes the application of strategies, 
methodologies, and technological tools (e.g., “augmented_reality”, “KAHOOT”) in STEM teaching, 
with an aim to promote active learning and move beyond traditional educational methods. The 
presence of lemmas such as “handicaps” implies a growing research interest in inclusive education, 
particularly for students with disabilities. This group also reflects efforts to adapt educational games 
to emerging challenges related to the impact of the Covid-19 pandemic on education. 

Within the “Validation“ cluster, the focus is on attempting to validate current models and 
theories of gaming in educational settings. This is suggested by lemmas such as “validation”, 
“model”, “theory”, and “expert”, with a notable focus on experimental methodologies 
(“experimental_group”, “control_group”). There is also emerging interest in the integration of 
education and entertainment (“edutainment"), which aims to improve learning effectiveness and 
academic achievement through games. 

The fourth cluster, labeled “Emotion”, suggests a shift in research focus toward the emotional 
aspects of GBL. In particular, the analysis reveals a trend to explore how emotions affect academic 
achievement and motivation, as evidenced by lemmas such as “emotion”, “positive_emotion”, and 
“achivers”. The cluster lemmas also highlight the presence of studies on emotional factors and 
collaborative or game-based instructional strategies. 

Finally, the “Programming” cluster reveals a specific interest in teaching programming 
language in educational settings, (lemmas such as “program”, “Scratch”, “classroom”, and “school”). 
This cluster also indicates that recent research is exploring the impact of programming on students’ 
learning processes and their interest in STEM fields, as suggested by the presence of the words 
“learning_process” and “interest”. 

4. Discussion 

The present study provides an exploratory analysis of game-based instructional approaches and 
technological solutions in secondary school STEM education investigated from 2013 to 2023 by the 
research community. The analysis aimed to uncover the main themes and evolutions in this domain, 
offering an overview of how these approaches have been integrated and evolved over time. Overall, 
the results have shown that the implementation of games in STEM for secondary education is a 
promising and growing area of investigation. The main findings reveal a dynamic landscape in which 
the application of a game-centered approach has been increasingly adopted and refined. The analysis, 
based on quantitative text-based methodology, pointed out several trends and changes over the past 
decade in investigations of the issue. Overall, these trends reflect a shift in the focus of STEM 
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education from traditional methods to more interactive and engaging strategies embedding game 
elements. 

Analysis of publications from the past decade has shown a shift in research over the three 
different periods, which probably reflects the more general evolution of the educational research 
landscape, from an early interest in specific technologies to the study of how these tools can foster 
engagement, creativity and the emotional component of learning. In fact, the results revealed that the 
focus of research initially was on specific game technologies and dynamics, such as educational 
robotics and competition; over the years, interest has moved toward understanding the factors that 
improve the effectiveness of games in STEM education, with a strong emphasis on student 
engagement and cognitive outcomes. In addition, the publications originally explored more general 
issues regarding the use of GBL in education before directing their efforts to topics more closely 
related to STEM curricula, in line with current educational policies [5]. 

In more recent years, there has also emerged a clear transition toward exploring the narrative 
dimensions of educational games, the integration of emerging technologies (e.g., VR and AR), and a 
growing emphasis on the emotional and experiential aspects that support learning through game 
approaches. With respect to emotional and narrative dimensions, the integration of storytelling into 
educational games has recently stimulated considerations about balancing narrative elements with 
educational goals. While storytelling in digital media environments can increase student motivation 
and support meaningful learning [55], some studies have warned of possible cognitive overload [56]. 

Therefore, contemporary challenges relate to managing cognitive transitions between story 
elements and processing other information [57], as excessive narrative complexity can have a 
negative impact on learning [58]. The relationship between engagement, cognitive load and play 
experience has emerged as a key issue in recent research, including in the teaching of STEM subjects, 
as evidenced by the results of this study. Properly designed learning activities and tools should 
reduce extraneous cognitive load and optimize working memory for knowledge development [59]. 
This issue is reflected in the current research exploring how game design influences cognitive and 
emotional aspects of learning, with the goal of understanding the interplay between game mechanics, 
storytelling, and educational effectiveness in GBL, which is still under development. 

The thematic clusters identified in publications over the past three years provide further insight 
into the current state of research on the gamified approach for STEM teaching in secondary school. 
These clusters, which include “Experience”, “Application”, “Validation”, “Emotion”, and 
“Programming”, cover a range of topics from the experiential aspects of gaming to the practical 
application of GBL strategies in the classroom. Each group highlights a unique aspect of GBL and its 
potential to improve STEM education, which paints a comprehensive picture of the current research 
focus of the field. 

One crucial dimension is the impact of digital and emerging technologies. In fact, augmented 
and virtual reality are significant tools to support current game-based educational strategies by 
providing immersive and interactive experiences that enhance the learning process. Their role in 
educational scenarios not only increases engagement, but also plays a key role in preparing students 
for a technology-driven future. Immersivity can also be a very powerful feature in STEM learning, 
ensuring experiences close to the real world: participation in tangible activities provides practical 
insights and inspiration, enriching the educational process in scientific subjects [18]. 

In addition to the broader trends and challenges identified in current research directions, a 
recent focus is on the role of coding (i.e., computer programming) and computational thinking within 
game-based educational strategies in STEM education. This topic reflects the growing recognition of 
the importance of developing these skills in students to prepare them for a rapidly changing digital 
world. In fact, computational thinking, a critical component of modern education, involves problem-
solving skills that enable students to understand and apply basic concepts of computer science 
[60,61]. Integrating coding and computational thinking into GBL not only improves students’ 
technical skills, but also fosters logical thinking, creativity, and problem-solving competences [62]; 
the use of games in this field can also make learning more accessible by breaking down complex ideas 
into more manageable and interactive experiences. This educational potential appears particularly 
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relevant in the teaching of STEM, considering the critical issues in promoting knowledge and skills 
in science, technology, engineering, and mathematics. 

Regarding the methodological and theoretical frameworks of research, the results revealed the 
variety of influences shaping GBL research: different learning theories, such as Constructivism and 
Flow Theory, and technological advances have had a significant impact on research questions and on 
study design. Rapid advances in technology offer both opportunities and challenges in the 
educational landscape, necessitating a continued study of their effectiveness. 

Despite many research contributions to the use of a gamified approach in STEM education, 
challenges remain. This study shows that issues such as the balance between instructional content 
and entertainment and the effectiveness of different GBL strategies are still open-ended questions 
under investigation.  

Another significant challenge faced by more recent research concerns the need for an empirical 
approach to establish the effectiveness of GBL in STEM education. In fact, although there is 
preliminary evidence supporting the effectiveness of GBL, there is a lack of rigorous, long-term 
studies that provide conclusive data [52]. 

Finally, the rapid development of new technologies offers new possibilities for immersive 
learning experiences, including for distance education, but also requires continuous adaptation and 
training by educators and developers that is reflected in current directions of research. 

In summary, the challenges facing GBL research in STEM education include balancing 
educational objectives with engaging gameplay, validating effectiveness through empirical research, 
adapting to rapidly evolving technology, and integrating essential skills such as coding and 
computational thinking. Addressing these issues will not only improve the quality and effectiveness 
of game-centered educational solutions in the broader educational context but can also help foster 
interest in STEM fields in secondary school students. 

5. Conclusions 

This exploratory study provides some insights into the evolving landscape of research on the 
use of gamified approaches in secondary STEM education over the past decade. The results reveal a 
dynamic shift in the focus and application of GBL, suggesting its potential in supporting the learning 
of skills that are increasingly crucial to addressing the demands of the 21st century. 

However, the journey of GBL in STEM education is not without challenges. The balance between 
educational effectiveness and entertainment, the cognitive load associated with games, and the 
continuing evolution of technology raise significant questions for educators, researchers, and game 
developers. Addressing these challenges is critical to maintaining the effectiveness and relevance of 
game-based approaches in STEM education. 

With respect to possible future scenarios, the study suggests that GBL can become an integrated 
component of STEM teaching, continuously adapting to new technologies and pedagogical theories. 
In fact, the potential of GBL in promoting engagement, critical thinking, problem-solving skills, and 
deeper understanding of STEM subjects is evident. 

However, realizing this potential requires continuous research, innovation and collaboration 
among educators, researchers and stakeholders. 
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