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Abstract

:

In the Ugandan curriculum, theoretical teaching predominates in conveying water-related topics due to its efficiency and low resource requirements. However, this teacher-centred approach limits student interaction and collaborative learning. Conversely, game-based learning can enhance social skills, critical thinking, and engagement, yet it remains underutilised in Ugandan education. To address this gap, this study developed three educational games: Water Conservation Snakes and Ladders (WCSL), Water Awareness Quartet Cards (WAQC), and Water Pollution Puzzle (WPP). These games were implemented in four schools—three primary and one secondary—where students engaged in competitive, team-based play. The impact of these games on learning outcomes was assessed through pre- and post-test questionnaires. Descriptive and thematic analysis indicated a significant positive effect, with WAQC showing a 25% greater influence on performance than WCSL (18%) and WPP (14%). The findings also underscored the importance of age in determining game acceptability and enjoyment. To enhance education on water-related issues, it is recommended that these topics be integrated into both Science and Social Studies curricula and taught consistently across academic terms. Ultimately, the Ugandan government should consider incorporating game-based learning strategies into schools to improve student engagement and learning in water resource management.
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1. Introduction


The growing urbanisation in Uganda has contributed to the increased demand for the country’s freshwater resources [1,2]. The rising demand for water has had an impact on the levels of existing freshwater resources. For example, from 1993 to 2016, the water level in Lake Victoria declined by 0.005 m each year, for a total reduction of 0.115 m [3]. As a result of this reduction, the lake’s area and volume were reduced by 100 km2 and 5 km3, respectively [3]. This emphasises the necessity for sustainable water management methods and investment in water-saving measures. Environmental Education (EE) for sustainable development is emerging as a key approach to motivate students to conserve and protect water resources [4]. EE involves topics such as water sources, water access at homes and community level, water pollution, water demand and supply. All are among the important topics that are taught under the theme of water in the Ugandan curriculum [5,6]. Theoretical training is the approach commonly used when teaching water-related topics in Ugandan schools [7]. It offers the ability to disseminate large amounts of information in a short period of time [8], and this approach further helps students absorb more content about conserving water resources by reading textbooks and listening to their teachers [9]. However, this kind of teaching lends itself better to short-term learning, with Riyad et al. [8] suggesting that students retain such knowledge on average for 1–2 months. Furthermore, theoretical education is recognised as a teacher-centred method, whereby teachers provide the required information, and the students passively receive it [10]. When this strategy is adopted, the learning experience is controlled by the teachers, and students tend to have fewer opportunities to interact with others and share their opinions [11]. On the other hand, game-based learning is a student-centred approach that helps the learner to obtain usable knowledge while developing a wider range of skills [12,13]. Particularly, this approach enables students to develop social skills, engage in critical thinking, and nurture attention and concentration, culminating in the building of long-term memories through providing continuous and personalised feedback and developing emotional skills [14,15]. Game-based learning provides students with the opportunity to be participants rather than passive observers [16], as they learn via participating in game activities, forging their problem-solving and decision-making skills. Game-based learning can enable students an opportunity to repeat failed tasks and correct previous mistakes [17,18] allowing the initial negative experience to be transformed into a final success [18]. There are no fundamental guidelines with which games can designed because everything depends on the goal and knowledge that teachers would like students to achieve in their specific topic [19,20].



Although game-based learning has several advantages, as previously described, it also has some flaws. Games require time and effort when participating in them [21,22] and also when designing, testing and implementing them [23]. Ballou and Deterding [24] suggest that planning sessions when using game-based learning is challenging because the nature of the approach means that activities can vary in length. This may affect the capacity to adequately cover curriculum content, as well as lead to frustration among students when they are unable to complete games in class. The nature of gaming as a form of entertainment can lead to challenges for some students in attaining knowledge because they may not take the game seriously as a learning tool [25].



Board and card games are among the most popular non-digital games, and they are played by people of all age groups [16,26]. Success in educational games is based more on ability and knowledge than on competitiveness. They can be used in game-based learning to develop academic knowledge [27,28,29]. Previous studies have already confirmed this in various subjects such as Environment Sciences, Chemistry, English Language, Health Science and Engineering [30,31]. Board and card games have produced excellent results at the Undergraduate and Master’s levels [32] when used alongside a more varied and traditional curriculum approach. Gutierrez’s [29] study on the development of an educational card game as Supplementary Material for comprehending selected themes in biology revealed that students found the game to be very pleasant and successful in boosting learning and improving concept recall. Additionally, a study by Kurisu et al. [33] on the development of a board game to encourage life cycle thinking among university students in Japan in relation to their daily behaviours revealed that their Life Cycle Thinking (LCT) knowledge increased significantly after playing the game, and the participants rated the game positively in terms of satisfaction and relevance to daily life.



Thus, considering their benefits, they could be adopted to help students better understand how to manage freshwater resources in Uganda, supporting government and private industrial efforts in targeting a more sustainable world and more efficient use of water resources. To date, board and card games that focus on water resources have been used and tested at different levels in education settings. For example, the Wash Quartet card game promotes water recycling and hygienic practices at schools in Ethiopia [34], the Water Ark board game simulates the use and allocation of water resources [14,35], and the Crazy Water board game simulates residents’ water habits in their daily lives [14]. However, there are limited studies about game-based learning on increasing the awareness of the students on water resource management in Uganda. To fill this gap, this study would like to design and use both board and card games to achieve this goal in Uganda, filling the space left out by theoretical teaching being the main method used to inform and educate about water-related topics in the Ugandan education system. To fill this void, three games (WCSL), (WAQC) and (WPP) were designed with the specific purpose of increasing student awareness of freshwater resource management in Uganda, and they have been tested in various schools, at both primary and secondary levels, to identify the impact they can have on learning linked with this topic.




2. Materials and Methods


2.1. Data Collection


To conduct this study, research was undertaken with primary and secondary students. A mixed methodological approach was used in the study, integrating both quantitative and qualitative techniques to collect data from the students. As shown in Figure 1, four schools were visited in Uganda for data collection in July–August 2023.



The schools included were (i) the Royal College Nalya Gayaza, (ii) the Mperewe C/u Primary School, (iii) the Garfield Nursery and (iv) the Primary School and Serina Nursery and Primary School. These four schools were considered after an initial consideration because they were the only ones that agreed to provide the required time (1 and a half hours to 2 h) to conduct the research discussed, implement the games, and secure the answers from the students with pre and post questionnaires. All 165 students accessed within the schools chose to participate in the research, with a breakdown of 52:48 per cent, female to male students. These figures indicate that the study was well represented in terms of both genders participating almost equally. The participants’ average age is 12 years old, which reflects the average age of students in Uganda in these classrooms.




2.2. Game Design and Educational Objectives


The Water Conservation Snakes and Ladders (WCSL), Water Awareness Quiz Cards (WAQC), and Water Pollution Puzzle (WPP) games were developed by the authors with explicit educational objectives aimed at imparting knowledge related to water conservation, pollution, and management. The primary objective was to create interactive and engaging educational tools that facilitate learning through play, thereby enabling students to grasp and retain complex environmental concepts more effectively. Each game was meticulously aligned with specific learning outcomes: WCSL emphasised the implications of both positive and negative water-related behaviours (e.g., conservation versus waste), WAQC fostered comprehensive knowledge of various water-related topics, and WPP introduced participants to sources of water pollution through a puzzle format. Each game was designed to strike a careful balance between enjoyment and educational content, promoting a positive disposition toward water-related subjects. This dual focus was intended to render the educational material more accessible and memorable for students.



2.2.1. Testing of the Games with Students


To assess the effectiveness of the game designs and identify areas for improvement, the authors conducted an initial round of testing with a sample group of 10 students. This cohort comprised six primary-level students (ages 10–13) and four secondary-level students (ages 13–15), all selected from their homes. The mixed-age composition facilitated feedback from students across different developmental stages, which was critical for ensuring the games’ appropriateness for a diverse range of learners. During the testing phase, the authors observed the students’ interactions with the games, focusing on key metrics such as engagement levels, comprehension of the rules, and retention of the educational content throughout gameplay. Furthermore, students were encouraged to provide feedback on their experiences, particularly regarding the clarity of the rules, overall enjoyment of the games, and perceived effectiveness in learning about water-related topics.




2.2.2. Identified Challenges and Adjustments


Throughout the testing process, the authors identified several areas requiring modification to enhance the educational effectiveness of the games. One significant issue arose with the Water Conservation Snakes and Ladders (WCSL) game. In its original iteration, players could reach the final box and win the game without answering any questions, undermining the educational value and failing to reinforce the learning objectives associated with water conservation consistently. In response to this concern, the authors revised the game rules so that any player who reached the finishing box was required to correctly answer a water-related question before being declared the winner. This adjustment ensured that success in the game necessitated knowledge rather than mere luck, thereby maintaining the educational focus while preserving an engaging gameplay experience.



Similarly, the Water Awareness Quiz Cards (WAQC) game initially allowed participants to request specific cards needed to complete a quartet by merely stating the title of the card desired from the opposing team. This approach inadvertently shifted participants’ focus solely toward forming quartets, detracting from engagement with the educational content presented on the cards. To rectify this, the rules were modified so that when a team requested a card, they were required to accurately recite all the activities listed on that card before it could be handed over by the opposing team. Failure to do so resulted in the opposing team retaining the card and gaining the opportunity to request a card themselves. This change was implemented to ensure full engagement with the educational content while maintaining the competitive nature of the game and enhancing interactivity among participants.



The Water Pollution Puzzle (WPP) also underwent revisions following observations made during initial gameplay. Initially, students were allotted 15 min to locate pollutant-related words hidden within the puzzle. However, this duration proved excessive, as all participants easily found the words within the given timeframe, thereby diminishing the sense of competition and engagement. To address this issue and increase the game’s challenge, the time limit was reduced to 7 min, with participants now required to identify pollutant words based on provided definitions within this condensed timeframe. This adjustment significantly heightened the game’s competitiveness and engagement levels, compelling students to think and act more swiftly. Furthermore, the reduced time limit aligned with the practical constraints of the study, particularly the limited time available during classroom sessions. By streamlining the game in this manner, not only was the learning experience enhanced, but it was also a better fit within the structured time allocated for educational activities.





2.3. Materials and Instructions


Each game had different instructions (see Supplementary Material Document S1 for WCSL, Document S3 for WAQC and Document S4 for WPP) that students had to follow when playing. Once visiting the schools, during the first 20 minutes, a short demonstration was given to the students to familiarise them with the game and to explain the goals and the actions they could take. Students then could choose to participate in the games, and those who did began to play the games in the teams they had formed. This was important to ensure that students understood their rights as research participants, especially necessary in an institutional setting under the ‘adult gaze’ [36,37] of teaching staff. The detailed instructions for each game are explained in the next sections. A very small minority of students chose to withdraw from the research before the end of the activities, reinforcing the fact that they felt comfortable and understood their rights within the research process.



2.3.1. Water Conservation Snakes and Ladders


WCSL (see Supplementary Material Figure S1) was an adaptation of the traditional board game Snakes and Ladders [38]. Snakes and Ladders is a game normally played by children for entertainment purposes, and it is a tool to increase students’ knowledge. Research by Nurhayati and Widodo [39] saw an increase in children’s knowledge of dental and oral hygiene when using Snakes and Ladders. This benefits teachers and students as both can act as co-producers of knowledge in some sessions. Moreover, it promotes creativity among teachers as they design the game to be used, encouraging them to use more practical approaches rather than learning [40].



WCSL follows the traditional Snakes and Ladders format, where players move across the board by rolling a die. However, in this version, progress depends not only on the die roll but also on the player’s knowledge of water conservation. When a player lands on a square at the base of a ladder, they must answer questions related to water-saving practices, pollution, and sustainable water management (see Supplementary Material Document S2). Correct answers allow the player to climb the ladder, symbolising positive actions like conserving water and reinforcing the idea that good water practices lead to rewards and progress. If a player provides an incorrect answer, they remain on the same square and are unable to advance up the ladder. Certain squares represent negative water behaviours, such as wasting water or contributing to pollution, marked by a snake. When a player lands on one of these squares, they must slide down the snake to the square at its tail. This setback highlights the consequences of poor water management and wasteful habits, reinforcing the importance of making responsible environmental choices.




2.3.2. Water Awareness Quartet Cards


Studies have shown that the use of quartet cards can increase the activeness of students in learning, hence improving students’ learning outcomes [41,42]. Furthermore, WAQC (Supplementary Material Figure S2) have an impact beyond the classroom environment; for example, Wash Quartet Cards were employed to raise sanitation awareness at a refugee camp in Northern Uganda [43]. In terms of teaching materials, Ayriza et al. [44] found that quartet cards provide a fun experience, relaxation, and a level of challenge, which promotes students’ internal learning motivation, resulting in a more engaging learning environment. The game provides pictures and words that are engaging and practical for learning water-related activities. WAQC are effective across all age groups, from young children to adolescents, making them a versatile learning tool in educational settings [45]. Quartet cards have also been effective in the evaluation of learning economics in high school [46].



Players aim to collect complete sets of four cards, known as a quartet, from their opponents. Each card within a set represents a specific water-related theme, such as water conservation techniques, pollution control measures, or organisations responsible for water management. During a player’s turn, they ask a specific opponent for a card that fits within a water-related topic of their choice. For example, a player might request a card related to “organisations in charge of water” or “methods for reducing water pollution”. If the opponent holds the requested card, they must hand it over; if not, the turn passes to the next player. The goal is to strategically collect all four cards in a set, reinforcing the player’s knowledge of various water conservation topics along the way.




2.3.3. Water Pollution Puzzle


WPP (see Supplementary Material Figure S3) has been reported to increase the motivation of students towards lessons [47,48]. According to Kalkan’s study [48], students stated that solving puzzles increases their motivation for improvement and influences them to remember the information they have learned. The board game has been an effective learning tool for mastering English vocabulary in schools [47,49], and word search puzzles can be effective as a teaching technique in nursing education [48]. WPP consisted of water pollutant words like Pesticides, Domestic waste, and Clinical waste hidden within a grid of letters. The pollutants were considered because the studies conducted by Nantaba et al. [50] and Mdegela et al. [51] showed that Lake Victoria is the main recipient of domestic, industrial, hospital and agricultural waste from Uganda.



Players were divided into two teams that competed against each other to correctly pair as many water pollution terms and definitions as possible within the allocated time of 7 min. Terms included pollutants like “domestic waste”, “industrial waste”, or “plastic”, while their definitions explained the sources of these pollutants in water ecosystems (see Supplementary Material Document S5). At the end of the time limit, the team with the most correct matches were declared the winner. The game not only added a competitive edge to learning but also encouraged collaboration and discussion among team members as they worked together to identify correct matches. As the puzzle progressed, players gained a deeper understanding of the various sources of water pollution.





2.4. Distribution of the Games


The games were distributed to students according to their class levels. In primary schools, lower primary students and upper primary students were grouped differently to participate in the games, as shown in Figure 2. In Uganda, primary four is a transition year from lower to upper primary [52]; however, in this study, primary four students were considered in the lower primary level. This is because they are just transforming from lower primary to upper primary, meaning that they have more knowledge about lower primary teaching than upper primary. Upper primary students (primary five-seven) were also grouped together, and they had to participate in the games according to the groups they had formed.




2.5. Assessment of the Games Using Questionnaire


The effectiveness of the games as an educational tool was evaluated using pre and post-test questionnaires (see Supplementary Material Document S6–S11). This method has been adopted by previous studies (i.e., [53,54,55,56,57]) to evaluate the efficiency of their research. In addition, a questionnaire (see Supplementary Material Document S12) was employed to glean student feedback on the games in which they participated. Here are some examples of the questions used to obtain their responses (the rest can be found in Supplementary Material Document S12).



	5. a.

	
Rank the game you enjoyed most. (1—Most enjoyed and 3—Least enjoyed).




	1.

	
___________________________________________________________________




	2.

	
___________________________________________________________________




	3.

	
___________________________________________________________________










	10. a.

	
Rank the games according to which one helped you most to learn about the activities (1—Most helped and 3—Least helped)




	1.

	
___________________________________________________________________




	2.

	
___________________________________________________________________




	3.

	
___________________________________________________________________














2.6. Questionnaire Design


Each game had a pre-test and post-test questionnaire specifically designed based on the activities that were targeted. Both the pre-test and post-test consisted of 10 questions, with the first three questions in the tests always about the students’ demographics (age, gender, and class level), and the remaining seven questions focused on the activities of a particular game. Some questions in the post-test were rephrased on purpose to avoid students memorising the answers.



2.6.1. Testing of the Questionnaires


As stated in Section 2.2.1, 10 students participated in the games, and the same group was used to test the questionnaires. Initially, we asked the students to rank the games using a Likert scale ranging from strongly agree to strongly disagree, focusing on which game helped them learn about water-related topics and which they enjoyed most. However, some students marked “strongly agree” for all the games, making it difficult to determine their preferences.



To improve the validity of the questionnaire and better capture the differences in the games’ impact on students’ learning and enjoyment, we amended the questionnaire by adding a ranking question. In this revised version, students were asked to rank the games from 1 (most enjoyable) to 3 (least enjoyable), ensuring a clearer understanding of their preferences. This adjustment also improved the reliability of the results, as it provided a more consistent and interpretable measure of student preferences across participants.




2.6.2. Distribution of Questionnaires


The pre-test and post-test questionnaires distributed to participants were the same across all class levels. After completing each game, such as WCSL, students were immediately given the corresponding post-test questionnaire before proceeding to the next game. Once they had participated in all the games and completed both the pre-test and post-test questionnaires, they were given a final opinion questionnaire designed to gather their feedback on the three games.





2.7. Ethical Considerations


Throughout the data collection process, ethical guidelines were observed. It is necessary for any study to obtain permission and consent from the participants [58]. The study was conducted in accordance with the Declaration of Helsinki, and all participants gave their informed consent for inclusion before participating in the study. The study also gained ethics approval from Coventry University, as shown in Supplementary Material Figure S4.




2.8. Data Analysis


The data obtained from the pre-test and post-test questionnaires were analysed using a descriptive statistical tool [59] in the IBM Statistical Package for Social Science (SPSS), version 28. Descriptive analysis was used to measure the frequency of the data, for example, the number of correct answers for each number in the pre-test and post-test. Cross-tabulation [60] is another tool under descriptive statistics that was used to examine the relationships within the data that were not obvious by just looking at the total responses from the study. For example, the tool was used to examine the relationship between the materials used in the games and their impact on the students’ learning based on their age. To analyse the qualitative data from the questionnaire, a thematic analysis was used as an approach to identify the main messages with the text because this has been demonstrated to be a useful method across a range of research methodologies [61]. NVIVO (Release 14.23.2, Build 46) is a qualitative data analysis software [62] that was used to conduct thematic analysis.





3. Results


3.1. Effects of Games on Students’ Learning


As mentioned, students were given a pre-test and post-test to complete to determine whether the games impacted their knowledge. The percentage of the correct answers per question in the pre-test and post-test for each game is presented in Table 1. To obtain the percentage of the correct answers, the formula below was used.


  % =    x   n    × 100  



(1)




where   x   is the total number of correct answers, and   n   is the total number of the participants.



For each game, the mean for pre-test and post-test scores and the difference between the mean and the Probability value (p-value) appear in Table 2.








	-

	
Formula for Mean:











     x  ¯  =       ∑  x     n      



(2)




where     x  ¯    is Mean;    ∑  x   i s   t h e   s u m   o f   a l l   t h e   c o r r e c t   a n s w e r s ;     and   n   is the Total number of participants.








	-

	
Formula for Mean difference:











  d =  X 2  −  X 1   



(3)




where   d   is Difference, X2 is Post-test scores, and X1 is Pre-test scores.



Wilcoxon paired test [63] was used to measure the p-value of the pre-test scores and the post-test scores for the games. Wilcoxon paired test was used because it is a non-parametric statistical test used to compare paired samples such as pre-test and post-test measurements, and it assesses whether the ranks of the two related groups are different [64]. The significance level of (0.05) is used to define the strength of evidence to reject the null hypothesis. For this test, the null hypothesis is that there is no significant difference between the test scores.



The p-value of the pre-test scores and post-test scores for all the games indicates that there is a statistically significant difference between the two scores. This means that the games impacted the students’ learning.




3.2. Game-Based Learning Material That Most Improved Student Performance in the Pre-Test and Post-Test


Based on the data collected, the average score for correct responses in WAQC, WCSL and WPP pre-tests was 57 per cent, but there was an improvement in the post-tests, with the average score for correct responses increasing to 76 per cent. WAQC’s average score increased by 25 per cent between the pre-test and post-test, and it was the highest average score compared to 18 per cent in WCSL and 14 per cent in WPP, as shown in Figure 3. This indicates that WAQC had the highest impact on the students’ learning. The content being tested differed between games, and this could have influenced the students’ performance. When students were asked to provide an opinion on the games they participated in, 70 per cent of the students strongly agreed that WCSL helped them to learn about water activities, compared to 67 per cent for WAQC and 62 per cent for WPP, who strongly agreed that these game materials helped them. A lack of similarity between game results and student opinion can arise due to misunderstanding of game processes [65].



Therefore, improving the final design of the games and providing guidance on how to understand the game content can help students form more informed opinions [55]. When asked to define each game using three words in an open-ended question, students described WCSL, WAQC, and WPP as “Educative” resources. According to the students’ opinion in (see Supplementary Material Document S12, Question 11), the word Educative appeared 94 times (57 per cent) while characterising the games, indicating positive results, which is because the games were designed to educate students about water activities.



In addition, the other most frequent positive words that were used to describe the games were Good, Interesting and Fun, as shown in Table 3. The positive words are used to showcase that the games can attract potential players and create a sense of optimism and excitement. However, students expressed some negative feedback on the games, such as Annoying, Bad, Confusing, and Boring. Negative feedback on game-based learning can be associated with factors like the lack of clear instructions, the dependence on luck in a game and the social dynamics involved in playing the games. The lack of clear instructions on how to play the game might contribute to a negative experience, as students may struggle to understand the rules and techniques of a particular game, resulting in confusion and disengagement of an individual [22]. Ensuring clear and comprehensive explanations, along with visual aids, can help mitigate this confusion and help players understand the components and their roles in the game [66]. Games like WCSL, where players have limited control over the outcomes due to excessive reliance on dice rolls, can lead to frustration and reduced enjoyment of the game [67]. However, the presence of luck in a game can serve to balance the influence of skills, adding an element of unpredictability that prevents the same player from winning every time [68]. This can contribute to increased replay value and prevent the game from getting boring or predictable. Furthermore, the competitive nature of the games can lead to bad social behaviours among students, like cheating [69,70], as they may become overly focused on winning, potentially leading to social tension and conflict. It is important to note that the negative feedback on the games can be associated with the mentioned factors, although individual preferences can vary on a certain game. Additionally, understanding and addressing the factors can help WCSL, WAQC, and WPP be more enjoyable, improving the overall quality and reception of the game, and this will be taken into consideration for future studies.




3.3. Impact of Each Game on the Students’ Awareness of Water Resources Management According to Their Age Group


3.3.1. WCSL


The average score for primary-level students’ performance between the pre-test and post-test improved by 15 per cent compared to 4 per cent for secondary-level students. This indicates that WCSL impacted more on the students’ awareness of water resources management for students in primary schools compared to those in secondary schools, as shown in Figure 4. This could be influenced by the different age groups’ preferences for game-based learning [71,72]. According to the data collected, 14 per cent of the students aged 8 years most enjoyed playing WCSL, compared to 4 per cent of 19-year-old students. Furthermore, 17 per cent of 10-year-old students rated WCSL as the most beneficial game for learning about water activities, compared to 3 per cent of 18-year-old students.



The pre-test results revealed that secondary students had greater knowledge about water conservation compared to primary students. The average pre-test result for secondary students was 72 per cent, compared to 54 per cent for primary students. Furthermore, a secondary three student indicated that WCSL was her second favourite game, and she stated, “It is because I knew all the answers, they asked me in snakes and ladders”. However, the average pre-test performance for students aged 14 and 15 years was 79 per cent, compared to 67 per cent for students aged 16 and 17 years. Water conservation themes are taught inconsistently at the secondary level, with some secondary classes missing them in specific academic terms. According to Nalumenya et al. [5], Geography has the highest occurrence (44.4 per cent) of water-related topics in the secondary school curriculum. However, water conservation topics only appear in secondary Three Term II under a topic called The Relief Regions and Drainage of Africa [73].




3.3.2. WAQC


According to the findings of the pre-test and post-test, secondary students had the greatest gain in average scores between the two exams compared to primary students, as indicated in Figure 5. The average score for secondary students increased by 18 per cent between the pre-test and the post-test, while it increased by 12 per cent for primary students. At the primary level, the average score for lower primary level students increased by 2 per cent between the pre-test and the post-test compared to 23 per cent in the upper primary score increase. This indicates that WAQC had less impact on lower primary students because they scored the lowest average score increase between the pre-test and the post-test. According to the observation made when students were participating in WAQC, students in the lower primary were aiming at winning the game rather than reading the content on the cards. For example, a team of four students won by creating two quartets, namely water and environment organisation and causes of water stress. However, the four students were unable to recall all the activities listed on each of the quartet cards they had created.




3.3.3. WPP


As illustrated in Figure 6, WPP had an impact on the students’ learning of water pollutants. According to the data collected, a primary six student ranked WPP as the most enjoyable game, and he stated, “Pollution puzzle helped me to learn about pollutants I did not know”. Furthermore, the average score for primary students increased by 22 per cent between pre-test and post-test performance, while it increased by 10 per cent for upper primary students and 6 per cent for secondary students.



However, the data gathered also revealed that students in lower primary received the lowest average mark in their pre-test compared to students in upper primary and secondary. Lower primary students scored 49 per cent on average, upper primary students scored 67 per cent, and secondary students scored 77 per cent. The performance of students in lower primary schools indicates that water pollution topics are missing in the teaching of lower primary classes. In lower primary, inadequate water pollutant lessons (Sustainable Development Goals 6 Target 6.3 [74]) are taught; for example, in primary three, under the Sub Theme Water, urinating and putting rubbish in water sources are the only ways of contaminating water sources taught. This leaves students in lower primary ignorant about other water pollutants like climate-related, clinical, and industrial waste.





3.4. Science and Social Study Questions About Water-Related Topics Before and After the Games


The pre-test and the post-test questionnaires involved Science and Social study questions, as shown in Table 4. In the pre-test questionnaires, students scored a higher mark of 69 per cent in the Science questions compared to 52 per cent in Social study questions, as shown in Figure 7. According to the study conducted by Nalumenya et al. [5], 66 per cent of water-related lessons are in Science subjects, compared to 34 per cent in Social Studies. This higher frequency in Science helps students better understand and retain information, leading to improved learning outcomes [75]. After engaging in the games, however, students’ performance improved in both the Science and Social Studies topics, with the average score for student performance increasing by 14 per cent in both tests. This indicates that the games had an impact on the student learning in both the Science and Social Studies questions.



3.4.1. Social and Scientific Questions About Water-Related Topics Before and After the Games Basing on the Students’ Age


Science Questions


In the academic Term II, students participated in a pre-test for Science questions. At the primary level, students aged 12 years and 13 years performed better than other age groups, as shown in Figure 8. The analysed data indicates that 73 per cent of the students aged 13 years were in primary seven, and 27 per cent were aged 12 years. Furthermore, research by Berti [76] and Davidson et al. [77] reveals that children between the ages of 12 and 13 have substantial mental development, including the ability to understand and recall more complicated concepts, think critically, and engage in academic learning such as water resource management. Primary school in Uganda lasts seven years and is generally for children between 6 and 13 years old [78]. According to the study conducted by Nalumenya et al. [5], in the academic Term II, water-related topics in the Science subject only appeared in primary seven. This enabled the students aged 12 years and 13 years to perform better than the age group at the primary level. Students often have a fresh memory of materials that are currently being taught or previously taught [79,80]. In Primary Three, Four and Five, the water-related topics only appeared in Term I and Primary Six in Term III [5]. An individual can easily forget the material that is not sufficiently practised and reviewed [81]. Some studies have suggested that students can forget 80 per cent of the materials they have learnt within the first 24 h (i.e., [82]).




Social Studies


The pre-test questionnaires contained Social Studies questions; lower primary students scored the lowest average performance (46 per cent) in the questions compared to the 50 per cent average score for upper primary students and 55 per cent for secondary students, as shown in Figure 9. Water-related topics in Social Studies appear to be 31 per cent in lower primary and 69 per cent in upper primary [5]. In Social studies, water-related topics taught in the lower primary are aligned with SDG 6 Target 6.1—Safe and affordable drinking water, and SDG 13 Target 13.3—Build knowledge and capacity to meet climate change [74]. However, lessons like water conservation, water scarcity and water demand under Target 6.4—Improve water quality by reducing pollution under Target 6.3, are among the missing lessons in the subject. This leaves students in lower primary school with knowledge of access to safe and affordable drinking water but limited knowledge of how to manage water resources for future use in Social Studies.







4. Discussion


The pre-test and post-test methods used to measure students’ performance have limitations that should be considered when evaluating their effectiveness. One major limitation is the potential influence of short-term memory on post-test performance [83,84]. When students take a pre-test, they are exposed to the content or questions they may not have previously encountered. The learning activities like WCSL, WAQC and WPP that follow can help reinforce this material, but even if the activity is ineffective, students might still perform better on the post-test simply because the questions are familiar from the pre-test. This effect of short-term memory retention can lead to inflated performance improvements [85,86,87], making it difficult to determine whether genuine learning or the mere recall of information is responsible for the apparent progress. Another limitation is the lack of long-term evaluation [88]. Pre-test and post-test designs often assess immediate or short-term outcomes, but they fail to measure whether the knowledge gained is retained over time [84]. This short-term focus can provide a misleading picture of the intervention’s effectiveness if improvements seen on the post-test quickly fade. Additionally, pre-test and post-test methods may not fully capture conceptual understanding [89]. Students might improve their scores by memorising facts without truly comprehending the underlying concepts. This can give a false sense of success if the goal of the activity is to develop deeper critical thinking or problem-solving skills. However, despite these limitations, the pre-test and post-test approach is useful for measuring immediate outcomes, as it allows researchers or educators to quantify changes and assess the impact of an activity or program within a short period of time [90]. This approach provides a clear comparison of participants’ knowledge or skills before and after the intervention [91], offering insight into the effectiveness of the educational or training initiative [91]. While it provides valuable insights into the effectiveness of educational activities, it should be used alongside other methods, such as follow-up assessments [92], to capture a more comprehensive view of learning and long-term retention.



Students’ preferences for game-based learning can be strongly influenced by their age [71,93], as it was observed in the statistical results of Section 3.3.1. When choosing games to increase students’ awareness of water resource management, the appropriateness of a game for a specific age category is an essential factor in determining the suitability and enjoyment of the game for students [94]. Worldwide, games are categorised into different age groups, such as Early Childhood (EC), Everyone (E), Everyone over 10 (E10+), Teens (T), and Adults Only (AO) [95]. These strict categorisations are necessary to distinguish what is appropriate for each group. When choosing age-appropriate games for children, recognising the intended audience’s age group is important in shaping procedures, subject and complexity to ensure that it is acceptable and interesting for the specified age range [80,96]. Whilst age may play a significant role in shaping students’ preference for games, the relationship is arguably influenced by various factors like game design and type, and they can differ across different age groups. Teachers can run surveys to acquire data on students’ game preferences, such as the types of games they enjoy, the frequency with which they play, and their preferred gaming devices. By collecting this information, teachers can gain insights into students’ gaming experience and preferences, which can be used to guide the creation of game-based learning activities based on the specific preferences and habits of the student population. Therefore, types of games and the design of game-based learning experiences may need to be created to suit the students’ age and developmental stage [72,97]. For example, games aimed at younger students (aged from 4 to 12 years) should include practices that encourage interaction, collaboration, and easy decision-making [98], but games aimed at adults (teenagers) may require mechanisms that involve strategic thinking, risk assessment, and competitive play [99]. Furthermore, if a game is regarded as ‘too easy’, students may become disengaged due to a perceived lack of challenge in what they are doing [71]. Therefore, while age can play a role in determining students’ love for game-based learning, game type and game design also contribute to students’ game preferences.



Water-related topics should equally appear in both the Science and Social Studies subjects since this can provide a deeper understanding and promote the application of knowledge in diverse contexts and relevant educational experience to students, as was observed in the post-test results of Section 3.4. Students have subject preferences [100], which might influence the students’ ability to understand water-related topics in Science rather than in Social Studies and vice versa. Students not only differ in their general level of school engagement but also in the degree to which they like and value specific subjects [101]. Students are expected to prefer subjects that allow them to best use their abilities, such as reasoning, problem-solving, thinking, understanding challenging ideas, and learning quickly [102]. Students demonstrating a preference for specific subjects has important consequences; for example, having an interest in a specific subject has been shown to predict educational and career choices [103]. A study conducted by Lavruijsen et al. [100] revealed that characteristic interests and mental abilities are unique predictors of subject preference. Investing time to examine and understand the students’ feelings towards a subject can enable educators to gain insights into various factors like personal, social or emotional issues that contribute to disengagement in the subject. This assists teachers in gaining valuable insights into the root cause of the disengagement and developing effective strategies to re-engage students in the subject’s learning process. However, teachers appear to have an impact on students’ interest in their subject [104,105,106,107]. Teachers who are unpleasant or disrespectful might reduce students’ pleasure in a subject, whereas those who make classes enjoyable and are polite and passionate about teaching can increase students’ interest. According to Lavruijsen et al. [100], teachers who combined a passion for their subject with the ability to connect it to students’ lives promoted subject liking. Although teachers are enthusiastic about the subject, it could be argued that liking the subject can only be promoted to students who prefer the subject [108]. Therefore, when these water-related topics are equally taught in both subjects, it would impact the students’ learning based on their subject preferences. It will even be more advantageous for the student’s learning when the student is comfortable with both subjects.



Consistent teaching of water-related themes in areas such as Science throughout all academic terms is essential for students’ understanding and retention of the materials they are taught. According to Patra and Chakraborti [109], brains are designed to forget in order to optimise decision-making in rapidly changing environments, as well as to filter out irrelevant information so that people can focus on what is important. Students may forget a significant portion of what they learn if diligent efforts are not made to reinforce water-related lessons in all three academic terms in the Ugandan education system [110], as was evident in the statistical results that were obtained in Section “Science Questions”. An academic year for primary and secondary education in Uganda starts in January and ends in December. It is divided into three academic terms [5]. Term I runs from January to April, Term II runs from May to August, and Term III runs from September to December [5]. Therefore, teaching water-related topics in a specific subject over the course of three academic terms may eventually help students understand and recall the material they have learned about water resource management. Consistency in teaching water-related themes not only benefits students but also allows teachers to learn more about the topic by creating a steady and predictable learning environment. When teachers deliver instruction consistently, they can deepen their understanding of the subject matter through repeated presentation and exploration of essential concepts. In addition, this can provide opportunities for teachers to do research and improve their teaching strategies, resulting in a better understanding of the water-related topics they teach. Approaches like maintaining a consistent approach to instruction [111] and employing a variety of teaching strategies while remaining consistent [112] are also important for students to understand and retain the materials taught about water resource management. However, the inconsistencies in teaching philosophies [113] may hinder students’ ability to grasp and remember the content taught about water resource management. Therefore, the significance of consistency in teaching approaches is evident in the positive impact it has on student understanding and academic performance [114].




5. Conclusions


5.1. Implications


Students participated in activities that involved WCSL, WAQC, and WPP, and the effectiveness of each game was evaluated using pre- and post-test questionnaires. The results show that the games positively impacted students’ learning and awareness of water resource management. WAQC improved student performance by 25 per cent, compared to 18 per cent for WCSL and 14 per cent for WPP, making WAQC the most effective game. The games also enhanced students’ performance in both Science and Social Studies related to water topics. Therefore, these games could complement traditional education in Uganda to improve students’ awareness of water resource management.



The main key outcomes obtained from the study can be summarised as follows:




	-

	
Student age can influence game-based learning choices, making age-appropriate games crucial for understanding water resource management and ensuring engagement;




	-

	
Subject preferences may affect students’ ability to understand water-related topics in Science rather than Social Studies, and vice versa, highlighting the need for balanced inclusion of water-related topics in both subjects;




	-

	
Regular teaching of water-related themes across all academic terms is critical for student comprehension and retention of taught materials.









The study recommends that the Ugandan government integrate game-based learning into the education system. This approach can significantly improve students’ awareness of water management and can also be an effective tool for educating the wider community.




5.2. Limitations


Despite the positive findings, this study faced limitations. First, the sample size may not be fully representative of the broader student population in Uganda, limiting the generalizability of the results. Additionally, the study only measured short-term improvements in learning, and it remains unclear whether the positive effects of game-based learning are sustained over time. The focus on only three specific games also limits the scope of the findings, as other game types or educational tools might yield different results.




5.3. Future Works


Future research should address these limitations by expanding the sample size and including a more diverse demographic to validate the generalizability of the findings. Longitudinal studies should be conducted to assess the long-term impact of game-based learning on water resource management education. Additionally, exploring a broader range of game types and digital learning tools could provide a more comprehensive understanding of which methods are most effective across various contexts.
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Figure 1. Map of Kampala showing the location of the schools where datasets were collected in July-August 2023. 
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Figure 2. Grouping of students according to class levels to participate in the game activities. 
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Figure 3. Impact of game materials on student’s correct responses in the tests. 
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Figure 4. Impact of WCSL on students’ performance according to their age in the tests. 
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Figure 5. Impact of WAQC on students’ performance according to their age in the tests. 
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Figure 6. Impact of WPP on students’ performance according to their age in the tests. 
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Figure 7. Students’ performance in the Science and Social Studies questions. 
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Figure 8. Students’ performance in the Science questions according to their age. 
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Figure 9. Students’ performance in the Social Studies questions is determined according to their age. 
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Table 1. Descriptive frequency of correct answers in the pre-test and post-test for the games.
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WAQC

	
WCSL

	
WPP




	
Questions

	
Pre-Test

	
Post-Test

	
Pre-Test

	
Post-Test

	
Pre-Test

	
Post-Test






	
Q4

	
74%

	
65%[image: World 05 00050 i002]

	
62%

	
83%[image: World 05 00050 i001]

	
74%

	
90%[image: World 05 00050 i001]




	
Q5

	
18%

	
72%[image: World 05 00050 i001]

	
70%

	
83%[image: World 05 00050 i001]

	
83%

	
85%[image: World 05 00050 i001]




	
Q6

	
22%

	
68%[image: World 05 00050 i001]

	
61%

	
91%[image: World 05 00050 i001]

	
86%

	
94%[image: World 05 00050 i001]




	
Q7

	
47%

	
87%[image: World 05 00050 i001]

	
82%

	
82%[image: World 05 00050 i003]

	
56%

	
56%[image: World 05 00050 i003]




	
Q8

	
57%

	
75%[image: World 05 00050 i001]

	
39%

	
79%[image: World 05 00050 i001]

	
81%

	
91%[image: World 05 00050 i001]




	
Q9

	
72%

	
90%[image: World 05 00050 i001]

	
44%

	
61%[image: World 05 00050 i001]

	
77%

	
81%[image: World 05 00050 i001]




	
Q10

	
38%

	
44%[image: World 05 00050 i001]

	
26%

	
32%[image: World 05 00050 i001]

	
26%

	
82%[image: World 05 00050 i001]








Symbols meaning: [image: World 05 00050 i002] Decrease in performance. [image: World 05 00050 i001] Increase in performance. [image: World 05 00050 i003] Neither increase nor decrease in performance.













 





Table 2. Mean and p-value of pre-test and post-test scores for the three games.
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	Mean

Pre-Test Score
	Mean Post-Test Score
	Difference (Post-Test–Pre-Test)
	p-Value
	Interpretation





	WAQC
	3.38
	4.79
	1.41
	<0.001
	Significant difference



	WCSL
	3.12
	4.18
	1.06
	<0.001
	Significant difference



	WPP
	4.83
	5.60
	0.77
	<0.001
	Significant difference







If the p-value is greater than (>) 0.05, then there is no significant difference between the test scores; however, If the p-value is less than or equal to (≤) 0.05, then there is a statistically significant difference between the test scores.













 





Table 3. Students frequently used these words to characterise the games in which they participated.
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Feedback

	
Words

	
Frequency (Times)

	
Percentage of Frequent Words Used






	
Positive

	
Good

	
135

	
82




	
Interesting

	
120

	
73




	
Fun

	
97

	
59




	
Educative

	
94

	
57




	
Happy

	
57

	
36




	
Awesome

	
48

	
29




	
Negative

	
Annoying

	
29

	
18




	
Bad

	
18

	
11




	
Confusing

	
11

	
7




	
Boring

	
8

	
5




	
Hard

	
8

	
5




	
Unenjoyable

	
3

	
2











 





Table 4. Science and Social Studies questions were used in the pre and post-questionnaire.
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Pre and Post Questionnaire

	
Science Question

	
Social Studies Question

	
Supplementary Material






	
WCSL

	
Q4

	
Q6

	
Document S8 & S9




	
Q5

	
Q7




	
Q10

	
Q9




	
WAQC

	
-

	
Q4

	
Document S6 & S7




	
-

	
Q5




	
-

	
Q9




	
WPP

	
Q4

	
-

	
Document S10 & S11




	
Q5

	
-




	
Q6

	
-








Note: Q4 to Q10 refer to Questions 4 to 10 from the questionnaires as explained in Section 2.6.
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