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Background: Antimicrobial resistance (AMR) poses a serious threat to global healthcare, and inadequate educa-
tion has been identified as a major challenge by the WHO. The human , animal and agricultural sectors contrib-
ute to the emergence of AMR. Gamification has emerged as an innovative tool to improve knowledge and 
change behaviours. Our study provides an overview of the literature on existing games in prescribers’ education 
across the One Health sectors, with a particular focus on the impact of gamification on learning.

Methods: Using the PRISMA guidelines, we searched Cochrane, PubMed, Scopus and Google Scholar for articles 
related to gamification for future prescribers of antimicrobials from inception until 28 March 2023. Retrieval and 
screening of articles was done using a structured search protocol with strict inclusion/exclusion criteria.

Results: A total of 120 articles were retrieved, of which 6 articles met the inclusion criteria for final analysis. High- 
income countries had the most studies, with one global study incorporating low- to middle-income countries. All 
games were evaluated in the human sector. Board and card games, featuring scoring and point systems, were 
the most prevalent game types. Most games focused on improving knowledge and prescribing behaviours of 
medical students, with bacteria or antibiotics as the only content. All studies highlighted the significant potential 
of gamification in mitigating AMR, promoting antimicrobial stewardship, and improving retention of information 
compared with conventional lectures.

Conclusions: Our review found an absence of studies in the animal and environmental sectors, disproportion-
ately focused on medical students with questionable sample size, inadequate assessment of game content 
and effectiveness, and opportunities for game developers.

© The Author(s) 2023. Published by Oxford University Press on behalf of British Society for Antimicrobial Chemotherapy. 
This is an Open Access article distributed under the terms of the Creative Commons Attribution License (https://creativecommons.org/licenses/ 
by/4.0/), which permits unrestricted reuse, distribution, and reproduction in any medium, provided the original work is properly cited.

Introduction
Antimicrobial resistance (AMR) is an urgent global health crisis 
where antimicrobials no longer effectively treat infections, lead-
ing to increased morbidity, mortality and economic burdens 
worldwide.1 In 2022, a study found that 4.95 million deaths are 
associated with bacterial AMR, shedding light on the burden in 
2019.2,3 Furthermore, there are new studies that delve into the 
evolving concept of AMR in the One Health context, which recog-
nizes the interdependence of human, animal and environmental 

health.4 AMR affects 12 of the 17 sustainable development goals 
(SDGs),5,6 and is substantially less published on in low- to 
lower-middle-income countries (LLMICs).7,8 The SDGs aim to an-
chor health in development, recognizing that good health de-
pends on and contributes to other development goals, 
underpinning social justice, economic prosperity and environ-
mental protection.4,5 The WHO Global Action Plan identifies lack 
of training and education as a core contributor to AMR, and in-
novative tools need to be developed to address this issue.9,10

Education and awareness about AMR is crucial for ensuring 
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responsible use and preventing the development of resistance.10

Being aware of AMR is not enough to change prescribing behav-
iour; however, better knowledge on prescribing practices has the 
opportunity to change behaviours.11,12 Inappropriate practices 
among prescribers constitute one of the primary drivers of AMR, 
as seen with overprescribing, where antibiotics are prescribed 
for viral infections—a common practice that contributes to the 
development of AMR, and inappropriate prescribing such as the 
use of the wrong type of antibiotic or incorrect dosage, further ex-
acerbates the issue.13,14 As the misuse and overuse of antimicro-
bial agents continue to fuel the emergence and spread of 
drug-resistant pathogens, addressing AMR requires innovative 
approaches to enhance prescribers’ practices and ensure appro-
priate behaviours.15–18 While AMR is lacking in curricula in gen-
eral, efforts are being made to introduce AMR to existing 
curricula and develop new curricula that promote AMR aware-
ness and education.15,19–21 Gamification, the use of game ele-
ments in non-game activities to increase user engagement,22

and serious games, games created to serve educational, training 
or informative objectives while maintaining engaging and im-
mersive gameplay,23 have emerged as a potential educational 
tool to educate professionals on various health topics.16,24

Traditional lectures are a good source of information for many 
students and provide foundational knowledge,25–27 and gamifi-
cation has been proposed as a complementary tool owing to 
the variety of learning styles of students.28 Gamification has 
been successfully implemented in various contexts such as the 
intellectual property (IP) game, IntangAbility, proving effective 
in teaching IP law.29 By integrating game elements into educa-
tional interventions, gamification has the potential to enhance 
learning outcomes,30 promote behaviour change31 and foster ac-
tive participation32 in addressing AMR.16 However, despite the 
growing popularity of gamified approaches, there is a need to 
evaluate the effectiveness, scope and characteristics of gamifica-
tion designed to assess education on AMR. Recognizing the po-
tential of gamification in addressing AMR, this systematic 
review aims to examine the existing body of literature on games 
that assess educational interventions related to AMR. By evaluat-
ing the gamification of AMR as an educational tool, this study 
aims to shed light on the current state of the field and pave the 
way for the design and implementation of evidence-based, ef-
fective and impactful gamified tools for education for future pre-
scribers of antimicrobials in the One Health context.

Methods
Search strategy
A systematic review was performed in accordance with Preferred 
Reporting Items for Systematic Reviews and Meta-Analysis (PRISMA) 
(Figure 1).33,34 A search strategy was developed using PubMed 
(Table S1, available as Supplementary data at JAC-AMR Online) and was 
fixed across all databases and grey literature. The search terms 
(Table 1) were used to search for literature for all three sectors such as hu-
man, animal and environment in PubMed, Scopus, Cochrane and Google 
Scholar. Various spellings of the search terms were considered. A total of 
110 articles were identified from the four databases. An additional 10 ar-
ticles were sourced from reference lists, websites and recommendations. 
Two articles were found to be duplicates and removed, and four articles 
were not accessible. No limitations on publication dates were set. 

Literature search began on 28 March 2023, and finished on 29 March 
2023. The articles were divided, allowing for six members of the study 
team to independently review articles for inclusion in the analysis.

Inclusion and exclusion criteria
Full-text articles addressing the use of gamification or game elements in 
education for future prescribers addressing AMR were used for the review. 
Future health professionals were defined as students who will be respon-
sible for prescribing antimicrobials such as medical, dental, veterinary and 
agricultural students. We excluded studies that (i) were targeted to the 
public, patients’ education or students not classified as future prescribers; 
(ii) did not include the effect of the intervention; (iii) only mentioned ga-
mification but did not assess the impact; (iv) only mentioned digitaliza-
tion of information; (v) mentioned game theory but did not employ 
game elements; and (vi) were not written in English. There were no lim-
itations on the types of games assessed, nor timeframe for our search 
since game elements were used in studies before ‘gamification’ was an 
official term.31

Study selection
A.A.N. and K.A. formatted REDCap35,36 and uploaded the articles used for 
the review. Articles were initially screened independently by seven re-
viewers (M.M.M., C.S., K.A., K.P., B.M.D., S.L. and A.A.N.) to determine eligi-
bility. Each article was reviewed by at least two reviewers and conflicts 
were resolved by a third author. All authors then read the full text of all 
eligible articles to determine eligibility for inclusion. In cases of uncer-
tainty, articles were discussed and independently screened by senior 
authors (V.S.P. and A.W.A.).

Data extraction and quality assessment
The research questions were adapted to an extraction form using 
REDCap.35,36 The data extraction was independently done by M.M.M., 
C.S., K.A., K.P., B.D. and S.L., and verified by A.A.N. Articles that met the in-
clusion criteria and reported the impact of the intervention in the form of 
a game were included in the review. The data extracted from the articles 
included general information: author, year of publication, country/site, 
publication source and channel; geographic distribution and prevalence 
of articles; content of the game (AMR, antimicrobial stewardship (AMS), 
infectious disease (ID), clinical microbiology (CM); context of the study: 
human, animal, environmental or a combination of these before that 
was identified as a One Health paper; intervention: game format used 
(board game, card game, online etc.) intervention: game elements 
used (points, scoring, roleplay etc.); benefits and limitations of the inter-
vention; aim of the game: knowledge, attitudes, behaviour change, enter-
tainment etc. and key messages (Table S2a). Papers that were included 
for full-text review underwent a modified quality assessment. A set of 
closed questions were used to evaluate the relevance and quality of 
the article’s contents. The assessment questions were modified to fit 
the research questions,32,37 and are described in Table S2b. Scores were 
allocated to the included articles. QA1 scored 1 if the paper provided de-
tails about the game elements used, such as the use of points, storytell-
ing, scoring. QA5 was subdivided considering the CORE 202238 and the 
Journal Citation Report (JCR) 2022.

Results
The initial search identified 110 articles [PubMed (n = 45), 
Cochrane (n = 12), Scopus (n = 10) and Google Scholar (n = 43)] 
from inception of the database to March 2023. An additional 10 
articles were identified through searching reference lists, web-
sites and recommendations. Only two duplicates were found 
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and removed before screening. Four articles were not retrievable. 
A total of 120 articles were screened for eligibility based on the 
title and abstract contents. Overall, 96 articles were excluded 
due to non-relevance. Twenty-four articles were assessed for eli-
gibility, with six articles meeting the inclusion criteria for this re-
view. Table 2 summarizes the characteristics of the analysed 
articles; a full list of the included articles and breakdown is pro-
vided in Table S3.

Study characteristics
A total of six articles evaluated games addressing AMR in the hu-
man healthcare sector. There were five original papers, and one 
short communication paper.

The articles were distributed throughout various journals and 
publication channels, of different ranking. Articles were published 
in Journal of Microbiology and Biology Education (JMBE),39 Journal 
of Medical Internet Research (JMIR),40 Medical Science Educator,17

Table 1. Search string

Scope String

Gamification (gamif* OR games OR gameplay OR gamelike OR 
gamebased OR gaming OR videogam* OR edugam* OR 
contest)

Education (medical educat* OR medical train* OR medical field 
training OR medical school* OR medical intern* OR 
medical residen* OR clinical education* OR clinical 
train*)

Students (dental stud* OR pharmacy edu* OR nursing edu*)
(veterin* OR animal science*)
(agricult* OR farmers* OR environmental)

AMR antimicrobial resistance OR AMR OR antimicrobial drug 
resist* OR drug resist* OR microbial resist* OR antibiotic 
resist*

Figure 1. PRISMA flow chart illustrating the study selection process on gamification of AMR.
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Medical Teacher,41 International Journal of Medical Informatics 
(IJMI)42 and MDPI Antibiotics.43 No articles were published as 
conference abstracts or symposia. The ranking of the publication 
sources was considered to investigate the reach of the articles. 
The majority of the articles were ranked as Q2, Q3 and Q4.

The countries that reported numerical and statistically rele-
vant results are shown in Figure 2. The publication trend high-
lights the novelty of the topic of gamification, as the majority of 
the studies were between 2019 and 2022, with one game piloted 
in 2009. Four of the six studies (67%) occurred in high-income 
countries (HICs) (France and the UK).34 Ghelfenstein-Ferreira 
et al.39 and Tsopra et al.42 conducted their studies in France, 
with a sample size of 15 participants, and 57 participants, re-
spectively. Davies44 and Castro-Sánchez et al.40 conducted their 
studies in the UK, with a sample size of 36 and 29 participants, re-
spectively, partaking in the intervention. Valente et al.41 surveyed 
one university in Brazil amongst 78 participants. Ashiru-Oredope 
et al.43 conducted an online study from the UK, which included 
a global representation of 13 countries with 74 responses [UK 
(n = 38), Hungary (n = 1), India (n = 1), Sri Lanka (n = 1), Uganda 
(n = 15), Kenya (n = 1), Ghana (n = 1), Nigeria (n = 1), Sierra 
Leone (n = 1), Eswatini (n = 1), Malawi (n = 1) and Fiji (n = 1)].

Each study had assessed at least one game, with multiple to-
pics being highlighted. Among the studies assessed, three out six 
studies (50%) highlighted games that aimed to educate players 
about bacteria and antibiotics, including medication names and 
modes of action against bacteria.29,31,35 However, there was 
relatively less emphasis on AMS, with only two games (33%) ad-
dressing this crucial aspect.30,33 One study, by Castro-Sanchez 
et al.,40 explored patient expectations, the role of behaviours in 
stewardship, and the multidisciplinary roles of professionals to 
mitigate AMR by evaluating the setting in which games are de-
ployed. Another study, by Tsopra et al.,42 focused on the role of 
prescribing practices of healthcare professionals in reducing 
AMR. Only one game43 introduced the concept of AMR, encom-
passing aspects such as AMR and stewardship introduction, prop-
er application of antibiotics, prevention and control of infections, 
as well as stewardship and surveillance. No reviewed games in-
cluded other microorganisms or addressed the interlinkage be-
tween human, animal and environmental sectors in the 
context of AMR.

Most of the studies in the healthcare setting were conducted 
on medical students. Each of these studies employed varied de-
finitions and incorporated ‘students’ within this framework, en-
compassing those specializing in infectious diseases, clinical 
microbiology, pharmacy and medical studies. Only three studies 
focused on medical students specifically, while others included 
them alongside specialists and physicians. No studies were found 
for veterinary or agricultural students. Additionally, there are no 
games that addressed AMR across all sectors.

Ghelfenstein-Ferreira et al.39 evaluated two existing card games 
and a board game, while other studies evaluated their own devel-
oped game: one mobile case-based game,40 one card game,44 one 
board game,41 one online case-based interactive game42 and one 
online board game.43 Physical board games and card games (5/8; 
62.5%) were the most popular type of game to be employed as in-
formation tools for students. Ashiru-Oredope et al.43 evaluated an 
online board game. Two games were based on case-based clinical 
scenarios on an online platform.40,42 The games were evaluated in Ta
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isolated, one-time settings such as at a planned educational even-
ing (game night) for residents,39 at workshops at conferences40

and university settings.41

The game elements employed in the reviewed AMR games ex-
hibited variation across different games. However, a notable 
trend emerged in that most of these games primarily utilized a 
common concept of points and scoring as the main incentive 
to encourage user engagement and progression within the 
game. This observation highlights that, while gamification as a 
concept encompasses a wide range of elements, such as leader-
boards, challenges and feedback mechanisms, these specific ap-
proaches were less frequently employed in the context of AMR 
games, as indicated in Table 2. One game42 was an exception 
as it incorporated more than two game elements and mechanics. 
This game employed points, rewards, storylines, roleplay, pro-
gress bars and leaderboards through an online platform, creating 
a multifaceted gaming experience. It is also noteworthy that card 
and board games primarily made use of scores and points as 
their primary gaming elements, while online games had the flexi-
bility to incorporate a variety of game mechanics. For instance, 
the online games, even in the context of clinical case scenarios, 
included animated characters to represent the users, enhancing 
the user experience.

The benefits and limitations of each game are summarized in 
Table S3. Most studies evaluated the students’ knowledge prior to 
the intervention and post intervention.41,42,44 It is important to 
note that the ‘post-tests’ all occurred immediately after the 
game, and not after a longer period. The post-tests showed an in-
crease in correct answers and increase in scores after the inter-
vention (game),41,42,44 and some studies included a qualitative 

component evaluating the game entertainment, usefulness 
and thoughts if included in the curricula. Most studies showed 
that the games were considered ‘fun and enjoyable’, the ‘pictures 
were nice’, and that it could be a ‘valuable intervention for im-
provement of intellectual skills, improve knowledge and enhance 
leanings’. Davies’s findings44 showed that while students enjoyed 
the game, it would be better suited as a revision aid compared 
with a standalone lecture. Some of the limitations across all 
games were that there was not a large enough sample size to 
correlate the retention of memory with the game, and a sugges-
tion was to introduce gameplay across several weeks and assess 
the effects of the game over a period. Some of the games had to 
be played under supervision of an ID specialist or clinical micro-
biologists39 to get a better understanding of the game. Davies’s 
feedback44 included that the game was fun but not useful to 
learn, it was too fast paced, and the details of the microorganism 
or antibiotics were not the main point of attraction, rather the fo-
cus was on how ‘good’ the statistics on the card were. Other chal-
lenges that the studies highlighted include the need for tutorials 
for students in early years of medical school, poor sample size to 
make claims of whether the intervention was considered suc-
cessful in retaining knowledge, games as a potential distraction 
from learning, and lack of detailed accounts of replicable imple-
mentation, adoption or evaluation.

The aim of all the games, across all six studies, had very similar 
overall objectives, namely to (i) improve knowledge, (ii) provide 
entertainment, (ii) address prescribing practices and (iv) change 
behaviours. Ghelfenstein-Ferreira et al. 39 reported positive out-
comes, with participants demonstrating improvements in their 
knowledge of ID and CM as well as progress in their professional 

Figure 2. Geographical distribution of participants and sector studied evaluating gamification studies on AMR included in this systematic review.
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training. Students responded positively to the study, considering 
the information obtained from the game to be valuable. In con-
trast, Davies’s study44 found that the students’ scores remained 
unchanged before and after the intervention, and although some 
students found the game enjoyable, they did not perceive it as a 
useful tool for learning. This perception was primarily influenced 
by the game’s fast-paced nature and the requirement of prior 
knowledge. Valente et al.41 observed significant improvements 
in knowledge, as evidenced by a higher number of correct an-
swers and a decrease in unknown answers after the intervention. 
Participants praised the intervention for its clear design and its ef-
fectiveness in enhancing learning. However, Valente et al.41 also 
noted that the games did not provide opportunities for the acqui-
sition of practical or manual skills. Castro-Sánchez et al.40 raised 
concerns about potential challenges that may arise when imple-
menting gamified approaches. Although they recognized the po-
tential of gamification in enhancing our understanding of AMR, 
they emphasized the requirement for additional research to val-
idate its legitimacy and effectiveness when contrasted with con-
ventional learning approaches. Tsopra et al.’s evaluation42

primarily focused on players’ reactions to the game rather than 
their learning abilities. The game was primarily seen as a revision 
aid for microbiology. Ashiru-Oredope et al.43 found that partici-
pants exhibited a positive experience and improved knowledge 
retention regarding AMR after playing the game. However, they 
noted that the game demonstration was rushed, making it diffi-
cult to assess its true potential. Additionally, participants men-
tioned challenges related to cross-talking among players and 
excessive facilitator involvement. The comments and aims of 
the game can be found in Table S1.

Discussion
This systematic review is the first to examine the current evidence 
of existing games in the education and training of future prescribe-
rs in the healthcare setting (medical students), animal sector 
(veterinarians) and the environmental sector (agriculture science). 
The majority of the studies included in this review were both quali-
tative and mixed-methods studies located in HICs. All the studies 
reported an increase in knowledge scores upon evaluation of their 
interventions, except for one study where the scores remained 
unchanged.

Our review highlights a small number of articles that evaluate 
gamification of AMR, with a predominance in HICs. Furthermore, 
none of the games addressed the interlinkage between the three 
sectors: human, animal and environmental, which are all rele-
vant in the context of AMR.

The six articles analysed were published in a variety of journals 
that focused on gamification, medical education and AMR. 
Gamification is a multidisciplinary innovative intervention that 
can be implemented to enhance education.21 The WHO high-
lights the urgency for investment in infrastructure and resources 
that provide capacity building, and specifically innovative inter-
ventions for control of AMR.10 Despite these three subdisciplines 
(human healthcare, animal healthcare and environmental sec-
tors) being distinct fields, there are several reasons why a com-
bination and adoption as an interdisciplinary approach is vital 
to mitigate the spread of AMR. Approaching AMR, gamification 
and education of students as a merged field provides a more 

comprehensive understanding of complex issues. Gamification 
as an educational tool for AMR can enhance knowledge and en-
gagement among students that will better antimicrobial stew-
ardship and prevent overuse and misuse of antimicrobials in 
the long term.11,20 Furthermore, interdisciplinary collaborations 
can lead to innovative solutions that may not have been possible 
within a single field. By merging gamification, AMR and educa-
tion, research findings can be translated into educational pro-
grams and games to promote awareness, change behaviours 
and establish better practices.21,22

The majority of published papers predominantly focus on stud-
ies and interventions conducted in HICs. This observation aligns 
with historical patterns of LLMICs tending to receive limited atten-
tion during the implementation of new interventions.45,46 It is note-
worthy that a single study adopts a global approach; nevertheless, 
due to the low participant representation, with an average of one 
participant per country, caution must be exercised in drawing con-
clusions regarding the effectiveness of the game. Since AMR is a 
global issue, interventions from the Global North may not be applic-
able or implementable for the Global South, hence it is important to 
create an environment for students in the Global South.6,38,39

Similarly, interventions should be created and tailored for students 
in the Global South. Low- to middle-income countries (LMICs) have 
implemented game-based interventions, such as a web-based tri-
via game designed for emergency medical technicians,47 and a 
digital game-based intervention to improve adolescent mental 
health in schools in India.48

Antibiotics and bacteria play a central role in the development 
and spread of AMR;40 however, studying bacteria addresses only 
one-quarter of the proposed problem of AMR, as microorganisms 
that contribute to the spread of AMR also include parasites, 
viruses and fungi.36 While games primarily focusing on antibiotics 
and bacteria address crucial aspects of AMR, it is important to ac-
knowledge that AMR is a multidimensional issue that involves 
various factors beyond antibiotics and bacteria. Future game de-
velopers and researchers may consider expanding the scope of 
games addressing AMR to include additional aspects, such as 
stewardship practices, policy implications, One Health perspec-
tives, societal behaviours, and the broader context of healthcare 
systems. By incorporating these additional dimensions, games 
can provide a more comprehensive understanding of AMR and 
promote a holistic approach to tackling the challenge.

Assessing the impact of games on medical students is of ut-
most importance, as they play a vital role as primary caregivers 
and are often the first point of contact for the public when it 
comes to prescribing antibiotics.32 However, it is equally import-
ant to extend the scope of assessment to include other health-
care professions, such as dentists, who also contribute 
significantly to the responsible use of antibiotics. One study, 
excluded from this review due to the absence of dentist participa-
tion, underscores the significance of antibiotics in oral health-
care.20 Even though medical students were the main audience, 
there is still a limited number of studies that evaluated the 
gameplay and suggests a potential gap in understanding the ef-
fectiveness of gamification amongst students.

Overall, the poor sample size and focus on the human health-
care sector is a fragmented approach highlighting the need for 
efforts in addressing AMR using an interdisciplinary approach to 
address the interconnectedness of AMR. To prevent AMR from 
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worsening, this issue requires collaboration among medical, vet-
erinary and agricultural sciences to promote a holistic under-
standing and implement effective strategies.

Physical games like board and card games are considered the 
most popular games. Board and card games are familiar with a 
greater audience, decreasing the barriers to adoption and in-
creases the likelihood of engagement.41,42 However, while phys-
ical games have their advantages, they also have certain 
limitations: limited scalability and customization; need for phys-
ical components and repetitiveness.41,42 Digital games and on-
line platforms offer unique benefits, such as scalability, 
customization, multimedia integration and real-time feedback/ 
assessment.42,43 One of the main limitations of online and digital 
games is the reliance on internet access and suitable devices, and 
the need to maintain devices with updated versions, which may 
not be supported; these factors may pose limitations in areas 
with limited connectivity or inadequate technology resources.44

While there are multiple gamification opportunities available to 
researchers and developers, the most effective tool for information 
retention and change of behaviours has not yet been established. 
Furthermore, a notable disparity exists between student prefer-
ences for popular games and the feasibility of creating and imple-
menting games from a research perspective.49,50 This discrepancy 
presents an opportunity for researchers to develop and introduce 
innovative game-based solutions in educational settings.

Landers introduced a gamified learning theory that is founded 
by two frameworks: (i) a framework that describes game ele-
ments that have the potential to improve learning; and (ii) a the-
oretical model that links learning with gamification efforts.45,46

This model can be used to support the link between elements 
and learning opportunities using attitudes and change of beha-
viours.46 The time spent on the game can be directly linked to 
the increase in the performance on the subject matter.

Some popular game mechanics and elements have been used in 
the development and feedback of the games in our review. 
Feedback and progression bars are a good tool to highlight areas 
needed for improvement by the student. When students receive 
feedback on their goal, they have the possibility to reinforce and re-
focus their learning efforts.46 One aspect that can help goal- 
directed behaviours and better participation is setting clear rules 
and goals, such as needing to complete 90% of the game or attend-
ance. This game element was not used exclusively in the reviewed 
games; however, it has been suggested to influence learning.46

Assessment game elements include points, scores, badges and lea-
derboards. While this is a good incentive for learning, not all partici-
pants react in the same way to these elements.47 Further research is 
required to gain a comprehensive understanding of how gamifica-
tion elements precisely stimulate motivation, as varying perspec-
tives on their effectiveness persist.51,52 This understanding is 
crucial for the appropriate implementation of these game me-
chanics, emphasizing the need for continued investigation.

Articles addressing gamification as a tool to mitigate AMR are 
lacking. Of the articles reviewed, there are some concerns about 
the quality of the evidence presented. Few papers provide de-
tailed descriptions of the implementation and evaluation of the 
games.30 Information is fresh in the mind right after the lecture, 
and one may have a better ability to recall details and concepts,48

therefore suggesting knowledge improvement is attributable to 
the game can be argued.

It would be beneficial to assess how games were implemented, 
tested and reported in more than one setting, and with an addition-
al comparator,49 to fully assess the effect of the gamified interven-
tion. One aspect of gamification that has not been fully explored is 
games as a potential distraction instead of learning.14 While Tsopra 
et al.42 had a good approach for evaluating the game, notably only 
the ‘reaction’ level was assessed, therefore there is a further need to 
evaluate the learning, behaviour and results aspects of the game, 
as suggested in the evaluation of training, to properly assess the ef-
fect of the game as a tool for education.50 Traditional lectures pro-
vide positive impact on students, promoting deontological 
education, and facilitating the formation of professional self- 
awareness and reflection;53 however, they also have drawbacks, 
namely the lack of engagement,54 passive learning,55 stagnation55

and inactiveness of students.56 With the increase in digital literacy, 
we need to provide innovative (gamified) ways of learning.

Different social settings can have a significant impact on game 
experience, memory retention and understanding of a subject. 
While competition can be exciting and motivating, it may also 
lead to increased stress and pressure.51 In such settings, memory 
retention and understanding of the subject can be influenced by 
the desire to outperform others, leading to enhanced focus and 
engagement, but also potentially impairing learning if the em-
phasis is solely on winning.51,52 Specific social settings can influ-
ence game experience and memory retention by affecting 
collaboration, competition, social presence, peer influence, group 
dynamics and cultural/contextual factors. Without understand-
ing these influences, there is a need to consider how to create 
a game with more effective learning environments and how re-
searchers and game developers can enhance the overall educa-
tional value of games.

Each of the articles focused on developing an intervention spe-
cifically designed for students with limited understanding of AMR. 
The findings of our review revealed that the implementation of ga-
mification had a significant impact on the participants. At first, the 
positive response towards gamification can be misleading as there 
is a scarcity of articles and games related to AMR, and caution 
must be drawn when making strong conclusions justifying the 
use of games in education.21 Most of the studies used descriptive 
analysis, with no control groups; the effectiveness of games in cur-
tailing AMR remains uncertain. The review also points out some 
challenges and limitations associated with gamification in AMR 
education. The use of gamification in addressing AMR, improving 
knowledge and changing behaviour is promising; however, these 
observations highlight the importance of carefully designing and 
implementing gamified interventions to maximize their educa-
tional impact. There is a lack of a theoretical model, and we should 
consider a pedagogical approach in making games more effective 
in delivering educational information.53

Strengths and limitations
This review was conducted using a formulated protocol and used 
the PRISMA guidelines for conducting and reporting systematic 
reviews.23,24 All co-authors were involved in all stages of the re-
view and each author independently performed stages from 
title/abstract screening to data extraction. All articles were 
double-checked by the corresponding author and senior author. 
The research team met at the beginning and end of each stage 
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to voice concerns, ideas and discrepancies for conflicting articles. 
The senior authors, along with the first author, made final deci-
sions based on discussion and agreements. All authors had full 
access to all the data in the study. All authors read and approved 
the submitted version.

As a result of the number of studies included in this systematic 
review, it was not possible to do a meta-analysis of the results of 
the available studies. The variety of interventions and variety of 
reporting styles limited clear categorizations of these interven-
tions. However, this was mitigated by using gamification 
elements. Additionally, since many interventions reported im-
provements in knowledge and skills, there is a potential for pub-
lication bias.54 Publication bias is possible as studies with negative 
outcomes are less likely to be reported or accepted for publica-
tion.54 It is possible that more unpublished evidence may exist. 
Furthermore, while there are online games available, the authors 
could not find any articles linking to the effectiveness of the game 
(e.g. Pharmageddon: Bugs versus Drugs).

Conclusions
Our review found that there is a lack of studies in the animal and 
environmental sectors, a disproportionate attention on medical 
students, a lack of interdisciplinary approach, inadequate assess-
ment of game content and effectiveness, and potential oppor-
tunities for future game development. Of the games evaluated, 
no game addressed the concerns around the impact of AMR on 
animal health, agricultural practices and spread of AMR. Given 
that antimicrobials are used in animals and in agricultural prac-
tices, there is a need to explore educational interventions in these 
sectors as well.

Our study reveals opportunities for future research and game 
development that can bridge the gap between opportunities for 
AMR education and effective gamification interventions. 
Developing educational interventions that encompass human 
healthcare, animal and environmental sectors, and incorporating 
gamification and interactivity elements could enhance knowl-
edge transfer, collaboration and the overall understanding of 
AMR among healthcare professionals, students and researchers. 
We suggest the implementation of a universal module that may 
be applied to tackle AMR across all domains. By incorporating ga-
mification within the framework of digital literacy, the education-
al sector can benefit significantly. This approach can foster 
student engagement and motivation, and encourage favourable 
behavioural changes among students.
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