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Abstract

:

Sustainable use of antibiotics implies changes in the way they are currently used. Games have emerged as a creative medium that actively engages people with aspects of their health. One of the areas in which serious games have gained attention is teaching about appropriate antibiotic use. In this research, we identify games that aim to educate on responsible antibiotic use and prescription. The games addressed various segments of the population (students, healthcare workers, public in general), most of them focusing on students. Furthermore, the article explores the learning theories used in these games. The results show that most games do not explicitly identify the learning theories used as a foundation for designing the educational aspects of the games. The games that address this aspect include learning theories based on the constructivist approach.
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1. Introduction


Considered to be one of the most important challenges in medical systems [1], antibiotic resistance is considered less acute than COVID-19 but “not less crucial” [2]. Antibiotic resistance occurs when bacteria adapt in a way that antibiotics become ineffective in situations in which they used to be effective. The emergence of resistance is a natural phenomenon, which is accelerated also by the inappropriate use of antibiotics [3]. The discovery of new drugs helps as ineffective antibiotics can be replaced with effective ones. However for their impact to last, changes in how the antibiotics are used need to be achieved [4]. These changes are challenged by various misconceptions regarding antibiotic use [5,6,7]. Antibiotic resistance is also a concept difficult to understand, and the public continues to hold misconceptions that the person becomes resistant [6,8,9]. This belief is also held by students in pharmacy, dentistry and veterinary medicine [9,10].



Games could be used to simulate complex environments in which their users can engage and interact with the educational content [11,12]. They are emerging as an alternative to complement education and training on important healthcare issues [13,14,15,16,17]. One area of health in which the games are increasingly used is to educate students, clinicians and pharmacists, or the public in general about the importance of responsible antibiotic use and prescription [18,19,20,21,22,23]. World Health Organisation also highlights the increase of creative campaigns all around the world which make use of games to create awareness about antibiotic resistance [24]. In the context in which “traditional” healthcare campaigns show mixed results about their effectiveness [25], games could help alleviate some of the shortcomings of the existing campaigns by actively engaging their users [21]. They could allow players to better understand antibiotic resistance and address some of the common misconceptions. Through interactions with the game, players can explore the consequences of various actions in a risk-free environment. This can help alleviate the limitations of the more traditional methods of delivering knowledge (e.g., leaflets, advertisements) which involve passive methods of delivering the information. However, games have also limitations. For example, spending too much time playing games is detrimental to other activities [26]; effectively using games in promotional activities is an area which still requires further research [21,27]; and games are not always seen as a professional tool by clinicians [28]. Furthermore, serious games are more expensive to create than other types of media and require expertise from different fields [29]. Both the advantages and the limitations of using games in promotional activities need to be considered.



As the research in this field is expanding, as could be seen by the previous review in the area [22,27], an overview of the field could identify trends and areas that require further attention. As opposed to the previous review that focused solely on games aimed at clinicians [27], in this review, we aim to provide an overview of all segments of the population. We do this to create a better overview of the areas where games are used and areas in which more research is needed. Learning theories, although important on games that aim to educate, are not covered either by previous literature reviews on games aiming to promote responsible antibiotic use [22,27] or on more general literature reviews focusing on interventions in this area [30]. Although there are various aspects that influence the efficiency and acceptability of the games, such as enjoyment covered by a previous review [22], we decided to focus on learning theories as all these games aim in the first instance to educate. Pedagogical methods can also make the games more acceptable especially in the educational community [31] and more effective in delivering educational messages [32].



With this in mind, this review aims to identify:




	
What are the games used to teach responsible antibiotic use?



	
What population groups are they targeting?



	
What learning theories are used in these games?









2. Methodology


We conducted a critical narrative review [33]. This allows qualitative assessment of the studies and synthesis of the results. Although this kind of review does not have specific guidelines such as PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) [34], several researchers have provided recommendations on how this research is to be reported [35,36,37]. Following these recommendations, we discussed the terms used for searching, the search strategy and inclusion and exclusion criteria.



The articles were identified using the following query on Scopus, PubMed and Web of Science ((games OR game) AND (“antimicrobial resistance” OR “antibiotic resistance”)). Scopus database is one of the largest for research in the education and social sciences field and has been previously used in reviews in the educational field [38,39,40]. As this review focuses on learning theories and games aimed to educate about health topics red, publications in this field are relevant to the research. PubMed focuses on the health and biomedicine fields and contains over 32 million citations [41]. As this research is interdisciplinary and the games address a health aspect it is possible that research in this area could have been published in the health field, hence, this database is also relevant. Web of Science indexes journals from social sciences, life sciences, biomedical sciences, engineering and arts [42] and could also contain articles published in this area. Other literature reviews [22,43,44] that have focused on health aspects and games have included also this database in their search criteria.



The search was restricted to title and abstract. Publications up to 15 January 2023 were included in the search criteria. In total 340 articles were identified. Among these 12 articles focused on electronic games that addressed antibiotic resistance. Further to these, we have added five other relevant studies which were identified through snowballing [45]: by looking at the articles that cited the selected articles and further work published by the authors. As some articles were indexed more than one database duplicates were removed. We also removed articles which focus on games that did not have an electronic version (e.g., articles focusing on board games). We include journals, conference proceedings and articles published as an abstract. The latter was included to have a better overview of the games in the field, even if those do not provide extensive details about the games. Other types of articles (e.g., call for papers, reviews) were excluded. We also excluded articles published in a language other than English. Figure 1 describes the selection process.




3. Results


3.1. Games and Population Targeted


The search identified 11 games briefly described below. The games were divided based on the demographic of the population that they covered: students, healthcare workers and the public in general. Table 1 presents a short overview of the games based on the above-covered demographics. Most of the games are aimed at teaching students (primary school, secondary school and medical students) various aspects of antibiotic resistance and responsible use and prescription.




3.2. Learning Theories


Only three of the games presented in the section above explicitly mention instructional design paradigms. Table 2 column three presents them, and the subsections below expand on the work. Both methods are based on constructivism [60]. According to this learning theory the students learn by constructing their own knowledge rather than being passive recipients of the information. The games identified two instructional design paradigms: problem-based learning [61] and constructive alignment [62].



3.2.1. Problem based Learning


The Senior Game (Figure 2) follows a problem-based learning [19] approach. The player is presented with the problem before the learning occurs and learning is driven by problem-solving [63]. In this case, the player plays the role of a detective who is asked to solve a case (the problem). While looking for clues, the players learn about hygiene and responsible antibiotic use. The problem helps to contextualize learning [53]. The game comprises three missions each asking the player to solve a certain problem either on infection prevention or on responsible antibiotic use [64]. For example, the second mission of the Senior Game, Bugs Gone Wild focuses on antibiotic resistance. The player is presented with the problem: Across Europe, there are increasing reports of a disease powerful antibiotics could not cure. When a patient contracts this disease, the patient has to rely on his own body’s self-defense mechanism. The player has to find out why there is this outbreak and what causes these bugs to be so powerful that antibiotics cannot cure them. In order to solve the problem, the player encounters a series of clues (i.e., the disease is found more often in areas where the doctors prescribe more antibiotics) and red herrings (e.g., the airport being in quarantine, suitcases and bins overflowing with tissues that once analyzed show some microbial activity but not enough to explain the outbreak). As the player advances through the game, they have to collect evidence and dismiss the red herrings. The mission ends when the player discovers the outbreak’s cause: the overuse of antibiotics in certain countries has led to antibiotic resistance, which affects also other countries that have in place more stringent policies for prescribing.




3.2.2. Game Mechanics and Constructive Alignment


Junior Game (Figure 3) follows a constructivism approach [47] and it is based on the work carried out by Koster [65] and Shaffer [66]. It focuses on game mechanics that encourage users to explore and, as a result, learn. The underlying learning covered by the game mechanics in the game is constructively aligned and hence compatible with the school curricula. Edugames4all MicrobeQuest! (Figure 4) follows the same approach as Junior Game, being an adapted version of the same game to be played on mobile devices [67]. For example, to learn that you have to take the whole prescribed course of antibiotics, the player throws antibiotics at the microorganism. If not all the antibiotics are delivered, the microorganism becomes stronger.






4. Discussion


In this article, we add to the existing literature reviews focusing on various aspects of games for health (see for example [15,16,17,22,27,69]). This research focused on games that aim to promote responsible antibiotic use across different segments of the population, and we identified the learning theories used in developing them. We identified 11 games that aim to teach various aspects of appropriate antibiotic use. The low number of games could be explained by the fact that this research is focused on a very specific field (i.e., antibiotic stewardship) and the fact that games are not uniformly developed across all health fields [15].



With two exceptions (GASDA [56,70] and AMS Game [54] all the games identified were designed by or tested with the developed world in mind. GASDA [56,70] focused on changing antibiotic prescription behavior and refreshing clinicians’ knowledge of international guidelines for antibiotic prescriptions in the Nigerian context. AMS Game [54] was designed with the help of nurses from the UK and eight African countries.



The game covered three different segments of the population: students, healthcare workers and the public in general. The game for healthcare workers focused on refreshing knowledge of prescribing guidelines for antibiotics and changing non-compliant prescribing behavior. Games aimed at the general public and students focused on better-understanding antibiotic resistance and when antibiotics should be used. The games addressing the public, in general, did not focus on a certain age segment of the population. This might not be the ideal approach, as some researchers argue that interventions need to be further personalized to adults of different age groups [8].



Most of the games are addressed to children. This might be because children are perceived as being more influenced by games [3] and sometimes seen as agents of change in their communities [71]. There is some evidence that when games are used in classroom settings, they increase classroom interaction [72,73]. Classroom interaction has been shown to improve learning in different contexts [74,75]. Research on games whose main purpose is entertainment has also shown that some children do more than just play the games [76,77]. They develop different other skills outside the game that help them master the games [76,77]. Except for formal learning, serious games can also be used by children in informal learning environments [52], however research from other fields suggests that an adaptive game might be best in this context since students who might find the content difficult tend to drop [78].



The lower number of games aimed at adults might be because, in other contexts, such as using games for clinicians, they are not accepted as a professional approach to training [28]. Exploring barriers to the adoption of games in healthcare settings and addressing them before deploying games in clinical settings is an area that needs to be explored before considering whether the games are the best solution for these settings.



In terms of content, most of the games focused on addressing issues with antimicrobial resistance which results from inappropriate use in humans. Usage of antibiotics in other settings (e.g., veterinary medicine, pollution) is not covered. Although inappropriate usage of antibiotics for human treatment is important, an effort to combat antibiotic resistance across different sectors is considered necessary [79]. The lower number of games in these settings could be explained by the relatively new shift in interest from addressing antibiotic stewardship in humans towards a One Health approach [55] which considers not only appropriate antibiotic stewardship in humans but also in other settings such as usage of antibiotics in agriculture, animals or pollution. The AMS Game covers the relevance of One Health [55] approach, which considers humans, animals and the environment when promoting responsible antibiotic use.



Concerning learning theories, few of the games explicitly reported them. The games that reported them used methods based on constructivism. Constructivism approaches focus on learners constructing the knowledge [80]. These approaches have the potential to help in learning about complex topics [81] such as antibiotic resistance.



The existence of a theoretical model in games could provide a better method to evaluate the effectiveness and would make it easier to reproduce and scale interventions to larger populations. The lack of a theoretical model makes it also difficult to determine what game mechanics or design elements are more effective in delivering the healthcare message or even to conclude that there is no “formula’ that makes a game successful. Considering pedagogical dimensions when designing serious games could also make them more effective in their delivery of the educational message [32]. Furthermore, Becker [31] argues that connecting the games with learning theories could help alleviate the reticence of using them in education.



Although the games did not identify the theoretical models underpinning the development, it is possible that they have to use common sense pedagogical models. Furthermore, Backer [31] argues that well-designed games already use two learning theories: Gagné’s Conditions for Learning [82] and Gardner’s Theory of Multiple Intelligences [83]. Gagné’s theory argues that there are different types of learning that are supported by different instructional methods. As the games used different approaches to engage players (e.g., text, verbal, intellectual skills) they could have invertedly implemented this learning theory.



The basis of Gardner’s Theory of Multiple Intelligences is the idea of using different strategies for learning. These strategies are called intelligences [84] and they are: linguistic, musical, logical-mathematical, spatial, body-kinesthetic, intrapersonal, interpersonal and naturalistic. As most games will implement several of these strategies to engage players they could also be useful for learning.



The limited reporting on learning theories might also be due to the limited research on how existing learning theories could be applied to games, and pedagogical expertise not being easily translated in game design [85]. Other studies such as van Gaalen et al. [86] that have assessed gamification in health professions have also reported the lack of learning theories being mentioned. The appearance of a “lack of recent scholarship on learning theories” has been noticed also in the review carried out by Bodily et al. [38], a review that has focused on existing trends in instructional design and technology. Furthermore, the need for a theory-driven approach to serious games has been also advocated in Verschueren et al. [16] and Arnab et al. [87]. The latter proposes mapping game mechanics with learning mechanics and models such as the one proposed in this article could also help in evaluating the efficiency of the games and models such as the one proposed could also help in comparing and evaluating the efficiency of the games and make for easier comparison.



4.1. Implications for Theory and Research


The literature review adds to the state of the art by providing an overview of the existing games that aim to (also) educate about antibiotic resistance. It also groups the games based on the segment the population targeted. Furthermore, it provides an overview of which of these games have used learning theories and what learning theories are being used. The results showed that games are diverse, likely because they are targeting different segments of the population. This makes it difficult to compare them and further research should consider addressing this aspect.



There are few learning theories explicitly mentioned in the games publications. These theories are based on constructivist approaches suggesting that games might be particularly suitable for active learning. The limited mention of learning theories could suggest that there is still a need for research on how existing learning theories can be applied to educational games. Furthermore, in the context of this literature review, no new theories have been tested, that could be targeted specifically to games rather than re-using existing educational theories.




4.2. Implications for Practice


The results of this literature review could be useful for science educators, organizers of antibiotic resistance awareness campaigns and managers responsible for healthcare workers’ continuous professional development. For science educators, the review presents an overview of the existing games aimed at students and distinguishes those based on learning theories. These could complement existing educational activities either in the classroom or as informal learning activities. Some of these games also offer methods to automatically track students’ knowledge change through the games [46,88,89] and as a result offer teachers a method to determine whether the games are effective in their particular context without the need for a separate intervention. For organizers of antibiotic awareness campaigns, this research provides an overview of the existing games created by the research communities. These could be used as an alternative method to engage certain segments of the population and reach audiences that might otherwise not engage with traditional healthcare campaigns. Games aimed at healthcare workers could be used as part of their professional development and refreshing knowledge on antibiotic stewardship.





5. Limitations


As with all research, this study comes with several limitations. To maintain the scope of the review manageable we focused on three databases—one which is common for medicine and healthcare researchers to publish PubMed and Scopus and Web of Science which cover other disciplines. Although these are both databases that index most publications and we used a snowballing technique to identify other studies that we might have missed it is possible that there were articles that have been missed. Furthermore, we also did not include any grey literature and through this, we might have missed commercial games that would have addressed this topic but their use was not researched in the literature.




6. Conclusions


In this review, we identify games used to teach aspects related to antimicrobial resistance. We focused on identifying the populations they target and the learning theories underpinning their development. The games address students, the public in general, clinicians and pharmacists. Most of the games addressed the developed world with only one of them focusing on the developing world, highlighting the need to research the games in different contexts. The games also addressed only the use of antibiotics in humans, showing an untapped potential for the games in other areas where antibiotics are misused. Three out of 11 games explicitly mention learning theories and these follow a constructivist approach. Further research is needed on identifying why learning theories are not often reported in this kind of game.
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Figure 1. Search Process. 
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Figure 2. Senior Game screenshot. 
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Figure 3. Junior Game screenshot: The player throws antibiotics to the bacteria and learns that antibiotics are efficient against bacteria. 






Figure 3. Junior Game screenshot: The player throws antibiotics to the bacteria and learns that antibiotics are efficient against bacteria.



[image: Sustainability 15 04643 g003]







[image: Sustainability 15 04643 g004 550] 





Figure 4. Edugames4all MicrobeQuest! screenshot [68]: Follows the same game mechanics as Junior Game but delivered via mobile device. 
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Table 1. Games and Population Targeted.






Table 1. Games and Population Targeted.





	
Game Name

	
Brief Description






	
Students




	
AntibioGame® [23]

	
Uses different case studies the primary medical students are taught knowledge of responsible antibiotic use.




	
Body Busters [18,20]

	
Focuses on how microbes interact with antibiotics. The game mechanics are similar to Pac-man.




	
Doctor Doctor [18]

	
Focuses on how antibiotics should be administered. It is a role-playing game. The players treat the patients with either antibiotics, water or bed rest depending on their condition.




	
edugames4all MicrobeQuest! [46]

	
The mobile version of Junior Game. Covers the same learning objectives as Junior Game and has similar game mechanics (e.g., the player—who is the size of a microorganism—collects white blood cells and “throws” them at the microbes (a similar approach for using treating with antibiotics. The player receives rewards for successfully performing an action).




	
Junior Game [19,47,48,49,50,51]

	
A digital platform game that can be played through the browser. It aims to teach microbe transmission, hand and food hygiene and antimicrobial resistance. It targets school children from 9 to 12 years old. The game’s learning objectives were selected based on what is taught across several countries in Europe for this age group.




	
Senior Game [48,49,50,51,52,53]

	
A digital adventure game that can be played through the browser It is designed based on the European curriculum for 13 to 15 years old. The game is composed of three missions and teaches about microbe transmission, hand and food hygiene, and antimicrobial resistance.




	
Healthcare Workers




	
AMS Game [54]

	
Focuses on the relevance of One Health [55] in antimicrobial stewardship. The game has a target audience of healthcare workers (e.g., doctors, clinicians, pharmacists, and students in the area). Tested across multiple countries.




	
GASDA [56]

	
Focuses on refreshing knowledge of antibiotic prescription guidelines and changing non-compliant prescribing practices. The game was piloted in Nigeria.




	
On call: antibiotics [57]

	
Focuses on antibiotic administration. The game has a target audience of doctors, clinicians and pharmacists.




	
General Public




	
Aevol [58]

	
Simulates the Aevol model of bacterial evolution. Throughout the game, the player fights infections using different types of antibiotics.




	
Superbugs [59]

	
Educates about proper antibiotic use. Focuses on players accumulating knowledge on factors affecting antibiotic resistance. Can be played on mobile phones.
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Table 2. Instructional Design Paradigms Mentioned in the Games Articles.
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	Game Name
	Instructional Design Paradigms





	Senior Game [52]
	Problem based learning



	edugames4all MicrobeQuest! [46]
	Learning through game mechanics, constructive alignment



	Junior Game [19,47]
	Learning through game mechanics, constructive alignment
















	
	
Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to people or property resulting from any ideas, methods, instructions or products referred to in the content.











© 2023 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access article distributed under the terms and conditions of the Creative Commons Attribution (CC BY) license (https://creativecommons.org/licenses/by/4.0/).






media/file4.png
What kind of microbes were there?





nav.xhtml


  sustainability-15-04643


  
    		
      sustainability-15-04643
    


  




  





media/file2.png
PubMed Scopus Web of Science
n=87 n=169 n=84
Total
n=340
¥
Records after duplicates Duplicates
removed . removed
n=178 n=162
Records screened Records
n=23 + excluded
n=155
Full text articles Records
assessed for eligibility | excluded
n=11 n=11

Studies included
n=12

Studies added from other
sources
n=5

Total studies included
n=17






media/file5.jpg





media/file3.jpg





media/file1.jpg
PubMed. Scopus Web ofScence
87 169 st
Total
340
Recordsaftr duplicates Duplcates
removed s removed
L ne162
Records sereened Records
= excluded
ne1ss.
Fulltext anices S
assessed forelighilty | | Lot
ety oy

Studies included
1z

Studies added rom other

[

Tota studies nduded
17






media/file7.jpg
IONNSWVUS





media/file0.png





media/file8.png
ONNSWVS






media/file6.png
ﬂs

_mm%mmu






