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Abstract: Gamification has become a topic of interest for researchers and educators, particularly in 

science education, in the last few years. Students of all educational levels have consistently faced 

challenges when grasping scientific concepts. However, the effectiveness of gamification, especially 

in terms of academic performance, has shown mixed results. This has led researchers to explore a 

new alternative approach, adaptive gamification. Our study compared the effects of adaptive 

gamification with traditional inquiry-based learning. Two classes of 9-year-old students 

participated, with the experimental group using adaptive gamification and the control group 

following a more conventional teaching approach using inquiry-based lessons and experiments. 

Both groups were tested before and after the lessons, and their results were analyzed using SPSS. 

The findings revealed that while both groups showed a significant difference after the lessons, the 

experimental group had significantly higher scores than the control group. Particularly significant 

results were observed regarding learning improvements based on students' gender, with female 

and male students in the experimental group demonstrating significant improvement. In contrast, 

in the control group, only the male students displayed significant learning improvement. This 

research contributes significantly to the relatively new field of adaptive gamification in science 

education and the improvement of students' science learning, particularly in the context of gender 

differences.  

Keywords: adaptive gamification; science education; learning results; inquiry-based learning; 

gender differences  

 

1. Introduction 

All aspects of everyday life, including practices in the classroom, are experiencing significant 

changes as a result of rapid advances in technology. At the international level, education systems are 

trying to integrate new technologies into the teaching process. There have been significant 

discussions about fundamental changes in science education due to the increasing demand for 

scientific and technological skills [1,2]. Moreover, integrating digital tools in science teaching 

enhances the understanding of abstract concepts and provides engaging and authentic learning 

activities [3–5]. Consequently, there has been increasing interest in integrating various digital 

technologies into science curricula [6,7].  

In recent years, gamification has gained considerable popularity as an educational tool, 

incorporating game mechanisms to increase student motivation and improve learning [8,9]. It draws 

from educational and psychological principles, emphasizing increasing motivation, autonomy, and 

cognitive development [10]. The application and use of gamification in science teaching encourage 

the development of scientific thinking and enhance student engagement [11]. Nevertheless, the "one 

size fits all" approach widely used in gamification seems inadequate, as students have different 
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motivations and learning styles, which requires adapting the elements and mechanisms of 

gamification applications [12]. Therefore, a new methodology based on adapting game mechanisms 

and elements to the needs and preferences of each learner has emerged in recent years, i.e. adaptive 

gamification [13,14]. While, according to the literature, some methodologies have been developed 

regarding the foundation and creation of adaptive gamification environments [15], more research 

needs to be conducted regarding student learning outcomes in education [16]. Furthermore, most 

methodologies often appear not designed to address a specific teaching content, raising doubts about 

their effectiveness and creating a need for further investigation [15,17]. 

Therefore, the present research study used an environment that incorporated basic principles 

and strategies related to the teaching of science education, incorporating adaptive criteria, learning 

strategies, game elements and all the main aspects of the learning process related to the teaching of 

science. Our primary purpose was to determine the impact of this environment on students' learning 

outcomes compared to more conventional teaching that also uses modern teaching approaches, such 

as inquiry learning. In addition, ascertaining gender differences between students regarding 

outcomes was also an essential objective of this research. Consequently, the research questions that 

were set are the following: 

• What was the impact of this adaptive gamification application on students' learning outcomes? 

• What were the differences in learning between the students who utilized the adaptive gamification 

environment and those who followed a traditional Inquiry-based Learning approach? 

• Were there any differences in students learning based on their gender? 

2. Literature Review 

2.1. Science Education and Adaptive Gamification 

Science education, a vital component of the 21st-century education system, faces many 

challenges. There is often a decline in student participation and engagement, difficulty in 

understanding concepts, a drop in performance and a lack of positive feelings towards teaching [18–

20]. Therefore, gamification applications in the educational process have gained considerable 

attention in recent years [21], although integrating games into the educational process is not a novelty. 

Gamification can improve student engagement and motivation by allowing students to experiment 

in safe environments without the risk of failure [22,23]. It provides intrinsic and extrinsic motivation, 

which can significantly improve skill acquisition and understanding of scientific concepts [24,25]. 

However, although there is evidence that gamification can increase students' enjoyment, engagement 

and motivation [26,27], its effects on learning outcomes are unclear [28,29]. This is due to several 

studies with contradictory or inconclusive results [29], including science teaching [4]. 

One of the possible causes of these results may be that gamification environments often do not 

consider students' differences and their needs in specific cognitive domains [30]. Therefore, there has 

been a need to relate gamification to the adaptive learning methodology, i.e. a type of learning that 

dynamically adapts the level and type of content presented to students according to their skills and 

abilities, often using both automated systems and teacher intervention to improve learning outcomes 

[31]. 

Adaptive gamification was based on that principle, integrating gamification and adaptive 

learning methodologies by personalizing learning and incorporating game elements tailored to the 

user's characteristics, based on their input [32], but without using excessive elements that lead to 

cognitive overload [33,34]. However, its application is at an early stage, as there are limited studies 

to guide the design and adaptation of game elements specific to the user's needs [33,34]. Furthermore, 

designing adaptive gamified environments presents challenges, as no universal set of game elements 

is effective for all students and subjects [35]. Existing methodologies are often generic and need to 

meet the needs of specific subjects, such as science education, which require approaches that consider 

different learning strategies [15,17]. 
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2.2. Principles of Adaptive Gamification: Motivation Theories, User Types, and Gaming Elements 

The basic concepts of adaptive gamification are associated with motivational theories, user 

types, adaptive elements, and learning strategies. Based on the relevant literature, limited approaches 

have been reported on adaptive gamification, with even fewer relating to specific content [15,36]. 

Therefore, there has been a significant challenge in creating an adaptive gamification environment 

based on motivational theories, which consider the interaction with students' characteristics and 

needs and are directly linked to learning strategies in science education. 

Another vital aspect of adaptive gamification is user segmentation based on personal 

characteristics and needs, such as psychographic, behavioural and demographic data [37]. One of the 

primary models used in adaptive gamification is the Hexad typology [38]. This model has been 

established based on the SDT motivational theory and categorizes users into six types: achiever, 

gamer, philanthropist, disruptor, socializer and free spirit [39]. This typology allows the application 

to be tailored to the needs and motivations of different users, maximizing their engagement. In this 

methodology, no type of player is identified by excluding the others. Instead, the different 

dimensions and priorities set by each user are recognized. While the type with the highest score is 

recognized as the dominant one for each learner and influences to the greatest extent the elements of 

the game as well as the learning strategy to be followed, the second and third user types also play a 

role, as an element from each user is added to the application as long as it does not entirely conflict 

with the dominant player [15]. 

Also, integrating gamification applications with modern learning strategies, such as flipped 

learning, inquiry learning, and problem-solving learning, can improve the learning process in science 

[40–42]. Research has shown that combining these strategies with gamification improves learning 

outcomes [42–44]. However, implementing different learning strategies requires significant 

adaptations to the gamification environment, which may limit their viability, explaining the research 

gap in this area. In this application, two learning strategies are used. Exploratory learning and 

learning through problem solving. Both strategies are suitable for science teaching [40,45,46], with 

each type of player adapting to a different strategy based on their characteristics. For example, 

philanthropists and socializers prefer learning through problem solving as they seek purpose and 

social interaction. In contrast, achievers and gamers benefit more from exploration, which offers a 

more independent process. 

Furthermore, choosing and implementing gaming elements is critical in an adaptive 

gamification environment as they are directly linked to increased student engagement and 

motivation. However, in this particular research, in order to create the adaptive gamification 

application, we focused on adapting different elements from different categories of elements which 

are related: 

a) The user UI, such as points, badges, etc. The use and adaptation of this category are 

particularly prevalent in adaptive gamification environments due to their ease of adaptation without 

altering the learning environment [17,47]. 

b) design mechanisms, such as time thresholds, competitive or cooperative play, etc. The impact 

of the elements of this category on learning has shown conflicting research results, making it 

necessary to adapt them carefully [4]. 

c) heuristic methods, such as goals, objectives, game style, and tasks. This category strongly 

correlates with learning strategies, a vital aspect of this adaptation methodology. 

Based on user needs and motivational theories, the right combination of these elements aims to 

enhance the effectiveness of adaptive gamification by providing a personalized and motivating 

learning environment. Building on the principles of adaptive gamification described and the work 

conducted by Zourmpakis et al. [15], an adaptive gamification application called "The Water Cycle" 

was created using the Unity3D game engine. This environment was designed to teach concepts 

related to the water cycle, such as coagulation, melting, boiling, and evaporation, to 9-year-old 

students. The application used a 3D environment, following an RPG (role-playing game) approach, 

while simulating a "real" environment. Furthermore, based on the work of Papadakis et al. [48], actual 

videos of experiments related to the concepts being taught within the application were included. 
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Providing motivation and enjoyment is an essential element of gamification applications, but 

assessing the learning impact of an application or tool and improving the learning process, in general, 

are equally important goals, mainly because gamification seems to have mixed effects on student 

performance, while little is known about its effect on female and male students separately [4]. 

Although this methodology and application have been used previously to assess student motivation 

and engagement, the primary goal of a gamification application, the exact impact on student 

knowledge in general, the differences between students' genders, and how it compares to more 

traditional ways of teaching were not studied. As such, whether an increase in students' motivation 

could also lead to an enhancement in students' learning achievement remains unclear. 

3. Methodology 

Therefore, with a convenience sample, this quantitative semi-experimental study occurred in 

one school in Heraklion, Crete, Greece. Two classes of 8- to 9-year-old students participated: the 

experimental and control groups—the choice of what group would be the experinmental and what 

the control was made at random. The control group consisted of 18 students and followed a more 

“traditional” inquiry-based approach, following the 5E learning model and conducting simple 

experiments or utilizing videos in the case of coagulation. The experiments were either conducted by 

the students or, if they were deemed too dangerous, they were demonstrated by the teacher with the 

assistance of some students, like in the case of boiling. The experimental group comprised 17 students 

taught using adaptive gamification applications, which ran only on desktop computers. The same 

teacher taught both classes. However, it should be noted that the experimental group needed an 

additional lesson hour for the students to learn some primary navigation of the application and to 

answer the initial questionnaire within the application, which would allow for the establishment of 

the user profile. Additionally, this research followed all formal national and international rules for 

ethics and ethics in research by acquiring permission from the Ethics Committee of the PTPE of the 

University of Crete, informing all affected individuals involved in the process, i.e. students, parents, 

teaching staff, and requesting their permission. Moreover, all researchers were included and oversaw 

the entire research process. 

Therefore, with a convenience sample, this quantitative semi-experimental study occurred in 

one school in Heraklion, Crete, Greece. Two classes of 8- to 9-year-old students participated: the 

experimental and control groups. The choice of which group would be the experimental group and 

which would be the control group was made randomly. The control group consisted of 18 students 

and followed a more "traditional" inquiry-based approach, using the 5E learning model and 

conducting simple experiments or utilizing videos in the case of coagulation. The experiments were 

either conducted by the students or, if they were deemed too dangerous, they were demonstrated by 

the teacher with the assistance of some students, such as in the case of boiling. The experimental 

group comprised 17 students taught using an adaptive gamification application, which ran only on 

desktop computers. The same teacher taught both classes. However, it should be noted that the 

experimental group needed an additional lesson hour for the students to learn the primary navigation 

of the application and to complete the initial questionnaire within the application, which allowed for 

the user profile establishment. Additionally, this research followed all formal national and 

international rules for ethics in research by acquiring permission from the Ethics Committee of the 

PTPE of the University of Crete, informing all affected individuals involved in the process—i.e., 

students, parents, and teaching staff—and requesting their permission. Moreover, all researchers 

were involved and oversaw the entire research process.  

In order to reveal the changes in students' learning outcomes, we utilized a pre-test and post-

test approach for both classes [49]. This approach allowed us to establish whether the students in 

both classes were at the same learning level before the intervention and to measure their overall 

academic improvement. To achieve this, we followed the suggestions of Tosun and Taskesenligil [50] 

and created an academic achievement test that included multiple cognitive learning objectives from 

Bloom’s taxonomy (Remembering, Understanding, Applying, Analyzing, and Evaluating). 

Preprints.org (www.preprints.org)  |  NOT PEER-REVIEWED  |  Posted: 12 November 2024 doi:10.20944/preprints202411.0766.v1

https://doi.org/10.20944/preprints202411.0766.v1


 5 

 

Additionally, we utilized activities that involved different types of answering, i.e., multiple choice, 

short answers, and fill-in-the-blank. 

Moreover, to strengthen the validity and suitability of the test, we sought the assistance of three 

academic experts in science education [51]. We also requested assistance from the students' teachers 

due to the potential differences in students' abilities and their insight into their students' 

understanding or familiarity with the activities in the test [52]. The test was created and adjusted 

based on feedback from all involved parties. The final version of the test had a unanimous consensus 

among all parties involved [51]. Since coagulation, melting, evaporation, and boiling are strongly 

associated with the water cycle—a concept included in the early childhood curriculum—it was 

decided to use the test to assess students' knowledge before and after the intervention. The pre-tests 

were assessed before the intervention to ensure a similar level of knowledge between the two classes. 

To further increase validity, the research team that conducted this study was involved and had 

oversight of grading the tests and analyzing the results, which were analyzed using the SPSS 

statistical software platform. More specifically, all samples were analyzed using the independent 

samples t-test and paired sample t-test. 

4. Results 

The main focus of this study was to investigate the impact of the adaptive gamification 

application on students' learning. Table 1 shows that the experimental group exhibited a statistically 

significant difference between the pre-test and post-test (M. diff = 3.247, SD = 1.528), showcasing the 

enhancement of students' knowledge. 

Table 1. Data Analysis of Experinmental group: As a group and between students’ gender (ίσως το 

κίτρινο να μην χρειάζεται). 

Experimental group 

Types of test Mean difference SD Sig-difference 

Post-test - Pre test 3,247 1,528 ,000 

Female students 

Post-test - Pre test 3,273 1,828 ,000 

Male students 

Post-test - Pre test 3,200 ,885 ,000 

Male and Female students 

 Female Male Female Male  

Pre-test - Pre-test 2,773 3,583 ,717 ,608 ,034 

Post-test - Post-test 6,045 6,783 1,7902 1,0381 ,372 

However, to clarify how different the adaptive gamification environment may benefit students' 

learning acquisition, it was essential to compare it with other, more "traditional" ways of teaching, 

including experiments, video simulations, and following the inquiry-learning strategy. Initialy, based 

on Table 2, the control group also showed a significant difference before and after the intervention 

(M. diff = 1.336, SD = 1.323), though the improvement was lower, based on the mean difference. 
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Table 2. Data Analysis of Control group: As a group and between students’ gender. 

Control group 

 Mean SD Sig-difference 

Post-test - Pre-test 1,336 1,323 ,001 

Female students 

Post-test - Pre-test ,771 1,102 ,069 

Male students 

Post-test - Pre-test 1,900 1,338 ,003 

Male and Female students 

 Female Male Female Male  

Pre-test - Pre-test 3,533 3,744 ,986 1,137 ,680 

Post-test- Post-test 4,304 5,644 ,876 1,645 ,047 

Looking more closely (Table 3), the control and experimental groups did not have a significant 

difference prior to each intervention (pre-test). However, the difference was almost significant (p = 

0.071). Interestingly, the control group had a higher initial average (M = 3.639) than the experimental 

group (M = 3.059). However, after the intervention, the experimental group's mean (M = 6.306) was 

significantly higher (p = 0.014) than the control group's mean improvement (M = 4.974). Thus, the 

students in the experimental group improved even more than those in the control group. 

Table 3. Data analysis comparison between both groups. 

Groups 

 
Control group Experimental group  

Mean SD Mean SD Sig-difference 

Pre test 3,639 1,038 3,059 ,772 ,071 

Post test 4,974 1,452 6,306 1,572 ,014 

Regarding the third research question and how differently each method affected each gender, 

we followed a comprehensive comparison. Initially, as shown in Tables 1 and 2, we asserted how it 

impacted the gender of each group separately. Concerning the experimental group (Table 1), both 

female (M. diff = 3.273, SD = 1.828) and male (M. diff = 3.200, SD = 0.885) students showed significant 

improvement after the intervention. In addition, and more interestingly, when comparing the male 

and female students of the experimental group, it is shown that they had a significant, albeit marginal, 

difference before the intervention (p=,034). However, there was no significant difference based on 

post-test scores between female and male students, indicating that the intervention benefited both 

genders equally, even though female students initially had lower learning scores. 
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Regarding the control group (Table 2), both gender types did not display the same improvement 

after the intervention, as only the male (M. diff = 1,900, SD=1,338) students were found to have a 

significant difference (p=,001). Female (M. diff =,771, SD=1,102) students did not seem to have the 

same substantial progress, although it was close to significance (p = 0.069) (p=,069). Moreover, male 

and female students in the control group had nearly identical knowledge levels in the pre-test (p = 

0.680). However, male students experienced more significant gains from this type of intervention, 

with a significant, though marginal, improvement compared to female students (p = 0.047). 

Table 4. Data analysis comparison between the male students of both groups. 

Male students 

 

Control group Experimental group  

Mean SD Mean SD Sig-difference 

Pre test 3,744 1,137 3,583 ,608 ,757 

Post test 5,644 1,645 6,783 1,038 ,158 

Table 5. Data analysis comparison between the female students of both groups. 

Female students 

 
Control group Experimental group  

Mean SD Mean SD Sig-difference 

Pre test 3,533 ,986 2,773 ,717 ,061 

Post test 4,304 ,876 6,045 1,790 ,016 

However, the analysis yielded different results for female students across groups. In particular, 

the female students in the experimental group (M = 2.773) had lower pre-test scores than those in the 

control group (M = 3.533), although this difference was not statistically significant (p = 0.061). 

Nevertheless, the female students of the experimental group (M=6,045) showed a drastic 

improvement in their learning achievements, statistically surpassing the female students in the 

control group (M = 4.304). This finding highlights the potential advantages of an adaptive 

gamification environment in enhancing female students' learning acquisition. 

4. Discussion 

Research on adaptive gamification and its effect on learning has gradually increased [15,36]. 

However, more is needed to know about its effects in the context of science education [27]. 

Additionally, most studies tend to develop and utilize adaptive gamification applications in a general 

manner, regardless of their context, without incorporating specific aspects such as learning strategies 

[15,53]. Consequently, this approach may limit its potential for both motivation and learning [36]. 

However, in this study, it became clear how it can affect students' knowledge acquisition and how 

differently it affects male and female students. 
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First of all, according to this study's findings, it is evident that an adaptive gamification 

environment, designed following a methodology that emphasizes adaptability within a specific 

context—i.e., science education—and aims to reinforce the teacher's role as a facilitator can 

significantly benefit students' knowledge acquisition. However, as it was shown, the use of a more 

"traditional approach", such as an inquiry-based approach with the use of video simulations and 

simple experiments, can also help students, as it is also supported by other studies [54,55], at least in 

terms of learning outcomes. Nonetheless, the adaptive gamification application proved even more 

beneficial for students in the experimental group, as their learning achievements increased 

significantly more than those in the control group, even though their knowledge levels were not 

significantly different before the learning interventions. Since the adaptive gamification application 

integrates two prominent learning strategies in science education—i.e., inquiry-based learning and 

problem-based learning—this could indicate that adaptive gamification can enhance students' 

learning acquisition while leveraging these strategies [40,56] and potentially even beyond that. This 

finding also aligns with studies that question the efficacy of a purely “traditional inquiry-based 

learning approach” [57,58]. 

Moreover, our results provide valuable insights into how each approach affects each gender's 

learning achievements. In the control group, all students initially appeared to have similar 

knowledge levels. However, in the post-test, their results appeared quite different, with the male 

students showing significant enhancement, whereas the female students displayed only some 

improvement (not statistically significant). Consequently, the "traditional approach "can increase 

students' knowledge acquisition, but it appears more helpful for male than female students. This is 

also supported by some relevant studies [59,60]. However, it should be noted that in other cases, the 

impact of inquiry-based learning seems to be on the same level regardless of gender [61,62]. 

In contrast, for the experimental group, male and female students were not on the same 

knowledge level before the intervention, as female students initially scored significantly lower than 

their male counterparts. Nevertheless, after the intervention, both female and male students exhibited 

significant improvement, indicating that adaptive gamification can positively impact the learning of 

both genders. Studies have also suggested that gamification applications in education can benefit 

learning acquisition for both genders [63,64]. However, more about adaptive gamification in science 

education needs to be known, and even less regarding gender-based effects. Moreover, even though 

male students had significantly higher scores on the pre-test than females, they were not in the post-

test. This result cannot conclusively show that lower-scoring students, such as female students, 

benefit more, although gamification studies have reported similar effects [63]. Nevertheless, Hassan 

et al. [65] believe adaptive gamification can motivate both genders to learn equally. Consequently, 

adaptive gamification has the potential to support both genders on an equal level, though further 

research is needed to draw concrete conclusions. 

What is more, comparing the genders across both groups yielded exciting insights. Male 

students were on similar learning levels before the intervention. Both groups showed a significant 

increase, and while the male students in the experimental group scored higher, there was no 

statistically significant difference. In contrast, this was not the case when comparing female students 

across groups. Even though the female students of the control group had a higher learning 

achievement before the courses, the difference was not statistically significant. 

Nonetheless, the post-test results indicated a different outcome, as female students in the 

experimental group showed a substantial enhancement in knowledge, especially compared to female 

students in the control group. Thus, it is evident that the adaptive gamification environment can 

increase female students' learning, even more so than the "traditional approaches". This finding 

contrasts with most studies, which suggest that non-gamified courses primarily benefit male students 

[66] or have an equal effect on both genders [64,67]. Consequently, further research is required to 

determine whether adaptive gamification enhances female students’ knowledge acquisition more 

effectively than “traditional approaches”. 
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6. Limitations 

The research team monitored all procedures, data, analysis, and conclusions, limiting potential 

bias. However, this research contains some limitations. Although we investigated the effects of 

motivating students in an adaptive gamification environment, we did not compare these results with 

those from a "conventional" gamification environment. Consequently, this study is limited in 

comparing adaptive to gamification environments that follow the standard "one-size-fits-all" 

approach.  

Moreover, the small sample size and its geographical limitation, i.e., an urban area, make it 

difficult to generalize these findings. Apart from gender differences, no other socio-cultural 

differences among the students were considered. Furthermore, conducting more longitudinal 

research would help verify and confirm these results while reducing the potential for any novelty 

effect. Although the results may vary in other subject domains, it is essential to note that the 

application was developed specifically for the science learning environment, and the results should 

mainly be interpreted in that context [36]. 

5. Conclusions 

The present study offers vital insights and demonstrates the potential of adaptive learning 

systems and gamification in science education and, potentially, education in general. In the recent 

health and economic crisis, there has been a growing need for flexible, constant, remote and 

personalized learning that can motivate learners to engage in the learning process, promote the 

development of various skills and have substantial learning improvements [68–70]. Additionally, 

these new learning technologies and methodologies must be compatible with established, more 

"traditional" learning methodologies to facilitate a smoother transition for teachers into their roles as 

facilitators and increase efficacy [14,15]. However, there is a shortage of studies regarding adaptive 

gamification, especially in science education [16,36]. 

All gamification applications aim to increase student motivation, enhancing engagement and 

learning acquisition. In this study, we investigated the impact of this particular adaptive learning 

methodology and application on students' learning outcomes and compared it with a more 

"traditional" methodology. Although it would have been helpful to assess the motivation levels of 

both groups of students, it should be noted that previous research has demonstrated the overall 

positive effects this specific adaptive gamification environment can have on students in science 

education [16]. Nevertheless, this study's results help demonstrate the potential impact of adaptive 

gamification on students' science learning, a vital aspect of 21st-century education [71]. 

Moreover, students have exhibited varying performance in science learning based on gender, 

with female students generally showing lower learning outcomes, motivation, and prior knowledge 

[60,72,73]. Additionally, historically, females have been underrepresented in STEM fields [74,75]. 

However, this study shows that this adaptive learning methodology can significantly improve 

learning outcomes for both genders. This improvement was especially evident when comparing 

female students participating in the "traditional" inquiry-based learning intervention. These results 

are pretty substantial as they could support gender parity in science and STEM fields, where gender 

diversity is crucial for fostering innovation and productivity in complex STEM environments [76], 

offering both financial and intellectual benefits [77,78]. 

Additional studies addressing the limitations of our research and exploring the effectiveness 

and motivational aspects of this or similar adaptive gamification applications in science education 

would further assist in generalizing these results. Using a larger sample size and investigating the 

long-term effects of adaptive gamification applications would help clarify their sustained benefits 

and potential to reduce dropout rates among students in science education. 
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