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Summary 

The COVID-19 pandemic has caused disruptions in many aspects of daily life. Healthcare workers and 

students were particularly affected since they had to face a yet-unknown lethal disease without being able 

to attend regular and continuous education sessions. This Privat-Docent thesis is based on five studies 

assessing the impact of innovative and highly interactive web-based or blended education interventions on 

knowledge and skill acquisition, and, when relevant, on infection prevention behavior. All these trials 

were designed according to the checklist for reporting results of internet e-surveys, better known as its 

acronym, CHERRIES. Since all but one of these trials were randomized, the eHealth extension of the 

consolidated standards of reporting trials was consistently used and methods and results reported 

accordingly. Several perspectives can be drawn from these five trials and are detailed at the end of this 

thesis, including the importance of a collaborative, interprofessional and trans-departmental approach. 
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Introduction 

Before presenting the articles selected for this Privat-Docent thesis, this introduction will summarize the 

elements necessary to understand their rationale. First, the general background which led to the design of 

these studies, and sometimes to the development of specific educational interventions, will be presented. 

Then, the concepts of electronic learning (e-learning), gamification and serious game design will be 

described. The final chapter of this introduction will cover the elements one should consider when 

designing online trials. 

Background 

During the last few decades, most viral epidemics were contained and mainly had regional impacts. Thus, 

several viruses, such as the Middle East Respiratory Syndrome (MERS), were named according to the 

impacted zone [1]. While these regions implemented local lockdowns and travel restrictions, Europe, 

including Switzerland, was mostly spared [2]. The worst consequences the Old Continent had to face were 

those linked to seasonal influenza pandemics [3,4]. Thus, European countries were little prepared to face 

the repercussions of the viral pandemic caused by the yet-unknown strain of an otherwise widely spread 

respiratory virus, the severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2) [5,6]. 

The authorities had to manage a host of unanticipated consequence which disrupted almost every aspect of 

daily life [7–9]. In addition to the issues faced by all citizens, many healthcare workers were required to 

learn or refresh seldom-used infection prevention and control (IPC) skills and procedures [10,11]. 

However, social distancing prevented regular continuing education interventions and alternative methods 

of teaching the required knowledge and skills had to be devised [12,13]. Furthermore, medical 

professionals and public health specialists faced an unprecedented resistance to IPC recommendations. 

This was the result of rapidly evolving and often contradicting guidelines [10], distrust in the authorities 

[14,15], and conspiracy theories [16–18]. 

The undergraduate medical curriculum was also disrupted by the pandemic [19]. Clinical rotations were 

interrupted, and many students were therefore unable to assess patients presenting common yet time-

critical conditions such as stroke and myocardial infarction even though their incidence was higher during 

the pandemic [20]. Since many senior medical students were on the verge of graduating and some were 

even fast-tracked to help manage the surge of COVID-19 cases [21], providing these future professionals 

with alternative means of acquiring the necessary clinical knowledge regarding these critical pathologies 

was essential. 
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Electronic learning (e-learning) 

Electronic learning, or e-learning, refers to the provision of an educational intervention using electronic 

devices [22,23]. Thus, e-learning does not refer to a specific type of intervention but rather covers a very 

broad range of educational tools. It is therefore unsurprising that studies report contradicting results 

regarding the impact of e-learning interventions since they do not actually compare similar educational 

tools [22,23]. Very few e-learning interventions can be considered as almost identical, but researchers 

carrying out meta-analyses must resort to categorization to pool data. 

There are many ways in which e-learning tools can be classified. A rather common way of categorizing 

these interventions is to differentiate those which can be used at any time (asynchronous interventions) 

from those which must be followed at a certain time (synchronous interventions). For instance, webinars 

are synchronous e-learning interventions and participants must follow them at a given time except if they 

are recorded. Conversely, educational videos hosted on an electronic device or on the web represent a 

common example of asynchronous interventions. However, this categorization fails to take participant 

engagement into account. Indeed, learner involvement vastly differs from one e-learning modality to 

another, and some interventions require little or no user interaction while others require frequent learner 

inputs to be completed. Since engagement can improve knowledge acquisition [24,25], it may be more 

appropriate to categorize e-learning interventions as either static (no interactivity) or dynamic (any level 

of interactivity) [26]. Table 1 describes some of the modalities belonging to these categories but does not 

provide a comprehensive list of all specific interventions and hybrid interventions developed over time. 

The fifth article included in this Privat-Docent thesis describes the impact of a highly interactive e-

learning module developed to teach the National Institutes of Health Stroke Scale (NIHSS) on senior 

medical students in comparison with the conventional educational video created by Patrick Lyden [27]. 

This dynamic module is freely available online: https://nihss-study.ch/e-learning.   

https://nihss-study.ch/e-learning
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Category Type of 

intervention 

Comment / description 

Static 

Digital texts 

or images 

Almost any textbook or image can be digitized and made available on an 

electronic platform. These electronic versions are hardly more interactive 

than a standard textbook. 

Powerpoint-

like 

presentations 

Any presentation requiring the user to click either on the same button or on 

the slide to go to the next slide, without engaging the user in other 

interactions 

Digital audio 

recordings 

While video podcasts have also emerged, these interventions are often 

referred to as “podcasts”. These audio recordings do not allow any form of 

interactivity (other than leaving comments that may or may not be 

answered by the author or by other users). 

Videos 
A regular video displayed on an electronic device, whether online or 

offline. Youtube videos and vlogs (video blogs) belong to this category. 

Dynamic 

PowerPoint-

like 

presentations 

with 

embedded 

questions 

These modalities are often used to present case scenarios and challenge the 

user with questions. They are often linear, and the scenario usually does not 

adapt to the users’ answers. 

Adaptive 

case 

scenarios 

These modules act in a way similar to gamebooks, with scenarios evolving 

in different ways according to the users’ answers or actions. 

Interactive 

simulations 

These can sometimes be considered as serious games (see next subsection). 

The simulation adapts to almost each user action providing learners with 

the highest level of interactivity. 

Table 1. Examples of static and dynamic e-learning modalities. 
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Gamification and serious games 

Increasing learner engagement can be achieved through gamification. Before going over gamification 

techniques and frameworks, it is important to understand that there are significant differences between 

gamification and serious games [28]: while serious games are full-fledged games designed for a purpose 

other than pure entertainment, gamification refers to the use of game elements in educational interventions 

other than actual games [29]. For instance, awarding badges for completing e-learning modules such as 

online videos or quizzes or unblocking content after successfully answering a quiz are common 

gamification components. Serious games require more than the inclusion of gamification components and 

must include game mechanics and game dynamics. Figure 1, which is adapted from the updated version of 

For the Win [30], gives a hierarchical view and several examples of these elements. 

 

Figure 1. Hierarchy of game elements, adapted from Werbach K & Hunter D, For the win, 2020 [30].  

A potential misconception would be to believe that serious games are necessarily computer-based and thus 

necessarily e-learning interventions. Indeed, apart from serious board games [31], other gaming modalities 

have been used to design to create immersive educational interventions [32]. Some researchers have even 

developed escape games akin to those which now flourish in most major cities of the world [33].   

The impact of gamification and serious games varies widely [34]. Some games are unable to achieve their 

goal (such as knowledge acquisition or skill acquisition) by failing to link learning objectives to game 

objectives, and game objectives to game mechanics [35]. There are many ways to avoid this shortcoming, 
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and using an appropriate framework can have a major impact on the game’s effectiveness. The SERES 

framework [36,37], which can be used to develop both gamified e-learning modules and serious games 

[38,39], is adaptable and ensures that the developments are evidence based and theory driven. There are 

five stages to this framework, each of which may require multiple iterations before being completed. In 

the first stage, scientific foundations, the target audience, theoretical bases and outcomes are defined. It is 

only after completing this stage that design foundations (i.e., the second stage) are decided. Design 

requirements and game mechanics are also defined during this second stage, and development (stage 3) 

can only begin once this stage has been completed. The game or educational intervention is actually 

completed once the third stage is over. Indeed, the fourth stage consists in clinical validation studies, while 

the fifth stage is the rollout and dissemination of the intervention. While this framework has many 

advantages, it still lacks important elements, such as considering the use of the game as part of a 

pedagogical scenario, defining learning incentives, or describing the game’s structure and progression 

prior to the development phase. Other frameworks take such elements into account [40–42], but usually 

fail to consider the importance of an evidence based, theory driven and collaborative development. 

Although the SERES framework natively embedded all the elements required to develop the gamified e-

learning module the effect of which is described in two of the articles included in this thesis [38,39,43], it 

lacked some key elements a serious game should include. Thus, the development of the “Escape COVID-

19” serious game required the use of an additional tool to complement the SERES framework and 

improve the games’ probability of success [44]. The tool selected for this purpose was Scott Nicholson’s 

RECIPE for meaningful gamification. RECIPE stands for Reflection, Engagement, Choice, Information, 

Play and Exposition. These six elements are detailed in Table 2.  
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Element Definition 

Reflection 

The first element of the mnemonic is also the last described in Nicholson’s original 

publication [45]. Reflection is intended to increase participants’ engagement by allowing 

them to link the gamified materials with personal experiences (past or present). To achieve 

reflection, participants should be given the opportunity to “step back” from the gamified 

learning materials to connect the gamified experience to their own personal stories. 

Engagement 

Many elements of the RECIPE mnemonic refer to the participant’s engagement in the 

game. According to Nicholson, this item specifically refers to mechanisms designed to 

transfer the participant’s engagement in the game to the real world. This can be achieved 

by many different mechanisms, including the integration of social components within the 

gamified learning material. 

Choice 

Choice directly relates to the participant’s empowerment. By making meaningful choices 

which affect the course of the game/story, learners’ engagement is increased. According to 

Nicholson, choosing not to play should also be an option for the participant, who should 

then be given the opportunity to access other learning materials containing the same 

information. 

Information 

While most other elements of Nicholson’s RECIPE relate to gamification and game 

mechanisms, information is directly linked to the learning objectives. Information should 

be unbiased and, if possible, evidence based. Reliable information will increase the 

participant’s engagement, and the learner/player should understand “why” it is important 

to engage with the gamified learning material [46]. 

Play 

This element appears before all others in Nicholson’s original publication [45]. It refers to 

the freedom which should be given to the learner. According to Nicholson, the possibility 

to explore the game’s universe increases the participant’s engagement. This is increased 

even further by including constraints or boundaries: in other word, the player/learner 

should be able to fail (both on purpose and involuntarily). 

Exposition 

Exposition links game and learning elements to the real world, allowing players to 

understand, sometimes even unconsciously at first, the important challenges tackled by the 

gamified instrument they are using. Ideally, learners should be able to create their own 

story based on the one told by the gamified material. Therefore, exposition relates to the 

creation of a meaningful narrative. 

Table 2. Nicholson’s RECIPE for meaningful gamification, adapted from Nicholson S, A RECIPE for 

Meaningful Gamification, 2015 [45]. 
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Three different educational interventions are presented in the articles included in this Privat-Docent thesis: 

the most basic is the aforementioned dynamic, highly-interactive e-learning module used to teach the 

NIHSS [47]. It should not be considered as a gamified tool since no game elements were included in its 

development. Second, a gamified e-learning module, developed according to Arnab’s model [35], 

represents an intermediate step between a dynamic e-learning module and a true serious game [43]. 

Finally, “Escape COVID-19” is a full-fledged serious game the impact and uptake of which are described 

through two articles [48,49]. The distinction between gamified e-learning modules and true serious games 

can however be difficult to ascertain, and interventions are sometimes mislabeled. To avoid confusion, 

Wen Tan and Zary recently described 18 diagnostic markers of serious games [50]. These markers are 

equally divided into three categories: user experience, play, and learning. To be considered as a serious 

game, an intervention must possess at least four markers of each category. Table 3 shows the criterion met 

by the gamified e-learning module and by Escape COVID-19.  

Category Markers Gamified e-learning module Escape COVID-19 

User 

Experience 

Limits 
The module is linear (the 

player is constrained) 

The game is linear (the player is 

constrained) 

Feedback 
Actions taken by the player 

lead to different outcomes 

Actions taken by the player lead 

to different outcomes 

Scaffolding 
Game mechanics are not used 

throughout the module 

Gradual increase in the intensity 

of game mechanics 

Affordance 
The actions available to the 

player are clear 

The actions available to the 

player are clear 

Transparency 
The options available to the 

player are self-explanatory 

The options available to the 

player are self-explanatory 

Consistency 
Interactions are consistent and 

outcomes are predictable 

Interactions are consistent and 

outcomes are predictable 

Table 3. Serious game markers of the gamified e-learning module and of Escape COVID-19. Adapted 

from Tan JW, Zary N, Diagnostic Markers of User Experience, Play, and Learning for Digital Serious 

Games: A Conceptual Framework Study [50].
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Play 

Relevance The theme is professionally 

relevant to the target audience 

The theme is professionally 

relevant to the target audience 

Objectives There are no game objectives, 

only learning objectives 

The purpose of the game is clear 

(avoid infection) 

Possibility More substance is added as the 

learner progresses 

More substance is added as the 

player progresses 

Consistency Not applicable since only a 

few elements are gamified 

Game mechanics are consistent 

throughout the game 

Scaffolding The cognitive effort does not 

increase throughout the 

module 

The cognitive effort gradually 

increases over four levels 

Error Friendliness Learners cannot fail 

interactions 

The “game over” screen allows 

players to trade points (thumbs 

up) or to restart the current level. 

Learning 

Target Outcomes The objectives of the module 

are clearly stated 

The goal of the game and of each 

level are clearly stated 

Knowledge The knowledge provided is 

consistent with the objectives 

The knowledge provided is 

consistent with the objectives 

Relevance The knowledge and skill levels 

are appropriate to the intended 

audience 

The knowledge and skill levels 

are appropriate to the intended 

audience 

Cognitive Load 

Management 

Not considered as part of the 

module development 

The game allows for progressive 

knowledge intake 

Expectation Defying Not considered as part of the 

module development 

The game avoids monotonous or 

predictable interactions 

Assessment There is no such system 

embedded within the module 

There is a total score (thumbs up 

vs virii) which allows for auto-

assessment 

Table 3 (continued). Serious game markers of the gamified e-learning module and of Escape COVID-19. 

Adapted from Tan JW, Zary N, Diagnostic Markers of User Experience, Play, and Learning for Digital 

Serious Games: A Conceptual Framework Study [50]. 
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The differences between the gamified e-learning module and the serious game can be seen in Figures 2 

and 3 below. 

 

Figure 2. Gamified e-learning module. A: initial state with general instructions about the interaction. B: 

the participant has dragged the wrong item over the prehospital physician: immediate feedback is 

displayed to prompt a rethink. C: the right item has been dragged and the module now asks the participant 

to consider the next step. D: positive reinforcement feedback asking the participant to make a meaningful 

choice. 

The gamified e-learning module is freely accessible here: https://anesth.ch/covid-19 

 

https://anesth.ch/covid-19
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Figure 3. Escape COVID-19 serious game. A: the initial screen displays the rules of the game. B: after 

clicking on start, the game board with the four levels and the initial context is shown. C: the first level has 

been completed by the participant, and the score has changed (top right); the participant is congratulated 

and is now told they must go to work (and click on the “on the road” image). D: the participant has 

gathered five viruses and is shown the “game over” screen; they can trade their thumbs-up to continue or 

restart the current level. 

The Escape COVID-19 serious game is freely available in both French and English: https://escape-

covid19.ch/  

https://escape-covid19.ch/
https://escape-covid19.ch/


Page 14 / 118 

Design and implementation of web-based trials 

Rationale 

Scientifically sound studies are necessary to determine the impact of learning tools on knowledge and 

skills acquisition and retention. The need for physical distancing notwithstanding, assessing web-based 

tools through web-based studies is only logical. Such studies must be carefully planned and require a 

considerable amount of pre-testing to avoid bugs putting potential participants off. 

Web-based questionnaires 

Since questionnaires are almost always necessary, even if only to gather demographical data, ensuring the 

quality and validity of the data obtained through web-based questionnaires essential. This was 

acknowledged by Gunther Eysenbach, founder and Editor-in-Chief of the Journal of Medical Internet 

Research, who created and published the Checklist for Reporting Results of Internet E-Surveys 

(CHERRIES) in 2004 [51].  In addition to regular items common to all questionnaires, this checklist 

covers many important aspects specific to web-based platforms: 

- Pre-testing 

- Question randomization and adaptive questioning 

- Completeness check and review step 

- Electronic participant identification, including cookies and internet protocol address check. 

In Eysenbach’s original publication [51], pre-testing refers to “the usability and technical functionality of 

the electronic questionnaire”. While this is of course necessary, it does not take a critical element into 

account: checking the data extraction mechanisms. Such mechanisms must indeed be tested prior to study 

inception to ensure that data is adequately recorded and can easily be exported. In addition, data must also 

be secured. Securing data should be considered in two separate ways: first, data should be backed up to 

avoid any preventable loss in case of hardware failure; second, data should only be accessible to 

authorized research investigators, particularly if identifying information is collected. In this latter case, 

participants should be able to access their data and request their deletion. Even though Switzerland is not 

part of the European Union, it would be unrealistic to believe that the General Data Protection Regulation 

(GDPR) would not apply to any participant. Therefore, web-based studies gathering identifying 

information should enable participants to review and erase their data at will. 

Attrition 

Another important, common, and often overlooked element should also be taken into account when 

designing web-based studies: attrition [52–54]. While attrition is expected in longitudinal studies, it is less 

watched for in one-shot web-based studies. Nevertheless, many elements may lead to significant attrition: 

questionnaires may be too long [55], participants may find the material uninteresting, or there may be a 

compatibility problem with the device used to access the web-based material. All these elements should be 

considered prior to study inception and monitored during the study. 
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Web-based randomized trials 

To avoid some preventable biases, randomization should also be strongly considered when carrying out 

web-based studies. While the regular Consolidated Standards of Reporting Trials (CONSORT) guidelines 

can be used [56], many aspects specific to web-based trials are not covered by the original statement. 

Acknowledging the challenges and features specific to web-based trials, Eysenbach published, in 2011, an 

extension of the CONSORT statement dubbed CONSORT-EHEALTH (Consolidated Standards of 

Reporting Trials of Electronic and Mobile HEalth Applications and onLine TeleHealth). There have been 

several revisions of this extension over time, with the latest version (1.6) available online as a Google 

Form. While this extension enables researchers carrying out web-based trials to report their studies in a 

comprehensive and systematic way, it is not devoid of flaws and further iterations (and possibly forks) 

should be considered. 

Practical aspects 

Besides all the critical considerations exposed above, three main aspects must be considered: 

1. Site hosting: not all web hosts are equivalent. Particular attention must be paid to data protection 

and backup. The operating system, hardware, storage space and available bandwidth should also 

be considered before selecting a host. 

2. Development environment: most current websites rely on content management systems (CMS), 

such as Wordpress, Joomla, or Drupal. Many are open source and free to use, even for 

commercial purposes. However, none of them can be used for research purposes out of the box 

and additional, often expensive extensions may be necessary. 

3. Coding abilities: in line with the previous point, research-specific features may be desirable or 

even necessary but may not be available, even through commercial extensions. Therefore, at least 

one team member should be proficient in computer coding, particularly in programming 

languages used for web development such as HTML5 (HyperText Markup Language 5), PHP 

(Hypertext Preprocessor), CSS (Cascading Style Sheets) and Javascript. 

The Joomla CMS was used in all the studies described in this Privat-Docent thesis. This CMS natively 

embeds a feature called “access control list”, which allows administrators and super users to define user 

groups and restrict access to certain parts of the website. This facilitates attrition monitoring and ensures 

that participants will follow the study’s steps in the order intended by the investigators. 

All study sites were hosted in Switzerland (Kreativmedia GmbH, Zürich). Apart from automated daily 

backups, this host and its location ensured one of the highest level of data protection currently available. 

In addition, the recent and powerful servers used ensured that there would be virtually no attrition because 

of server unavailability or sluggishness. 

These elements are systematically reported in the methods of all the studies included in this Privat-Docent 

thesis, along with the extensions used to perform specific tasks. In addition, the first four studies refer to 
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the articles describing the development of the gamified e-learning module and of the serious game. These 

articles have been published open access and are freely available on the internet: 

- The development of the gamified e-learning module was published in June 2020 in JMIR Serious 

Games. The article was called Teaching Adequate Prehospital Use of Personal Protective 

Equipment During the COVID-19 Pandemic: Development of a Gamified e-Learning 

Module. 

Reference: Suppan M, Gartner B, Golay E, Stuby L, White M, Cottet P, Abbas M, Iten A, Harbarth S, Suppan L. 

Teaching Adequate Prehospital Use of Personal Protective Equipment During the COVID-19 Pandemic: 

Development of a Gamified e-Learning Module. JMIR Serious Games. 2020 Jun 12;8(2):e20173. doi: 

10.2196/20173. PMID: 32516115; PMCID: PMC7295001 [43]. 

- The development of the Escape COVID-19 serious game was published in the same journal in 

December 2020: A Serious Game Designed to Promote Safe Behaviors Among Health Care 

Workers During the COVID-19 Pandemic: Development of "Escape COVID-19". 

Reference: Suppan M, Catho G, Robalo Nunes T, Sauvan V, Perez M, Graf C, Pittet D, Harbarth S, Abbas M, 

Suppan L. A Serious Game Designed to Promote Safe Behaviors Among Health Care Workers During the COVID-

19 Pandemic: Development of "Escape COVID-19". JMIR Serious Games. 2020 Dec 3;8(4):e24986. doi: 

10.2196/24986. PMID: 33242312; PMCID: PMC7717924 [44]. 

 

https://games.jmir.org/2020/2/e20173/
https://games.jmir.org/2020/2/e20173/
https://games.jmir.org/2020/2/e20173/
https://doi.org/10.2196/20173
https://games.jmir.org/2020/4/e24986/
https://games.jmir.org/2020/4/e24986/
https://doi.org/10.2196/24986
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Original articles 

Effect of an E-Learning Module on Personal Protective Equipment Proficiency 

Among Prehospital Personnel: Web-Based Randomized Controlled Trial 

This article describes a web-based, quadruple-blind randomized controlled trial designed to assess whether 

a lightly gamified e-learning module could improve knowledge acquisition regarding prehospital personal 

protective equipment (PPE) use in comparison with standard guidelines [38]. The e-learning module used 

as experiment was the result of a collaborative, interprofessional and trans-departmental development 

carried out at the Geneva University Hospitals [43]. All professional prehospital providers working in 

Geneva were invited to participate and represented a convenience sample. The participation rate was high 

(176/291, 60.5%) and both interventions significantly improved the rate of adequate PPE choice. The e-

learning module was not more effective at improving correct PPE choice than standard guidelines but 

increased the participants’ confidence in their ability to use this equipment. This lack of statistically 

significant difference was thought to spawn from the already high baseline knowledge in this population 

rather than from a lack of effect of the e-learning module. 

Reference: Suppan L, Abbas M, Stuby L, Cottet P, Larribau R, Golay E, Iten A, Harbarth S, Gartner B, Suppan M. 

Effect of an E-Learning Module on Personal Protective Equipment Proficiency Among Prehospital Personnel: Web-

Based Randomized Controlled Trial. J Med Internet Res. 2020 Aug 21;22(8):e21265. doi: 10.2196/21265. PMID: 

32747329; PMCID: PMC7446759 [38]. 

https://doi.org/10.2196/21265
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Impact of Face-to-Face Teaching in Addition to Electronic Learning on 

Personal Protective Equipment Doffing Proficiency in Student Paramedics: 

Randomized Controlled Trial 

The two randomized controlled trials testing the effect of the gamified e-learning module designed to 

enhance prehospital PPE use were effective at improving correct PPE choice [38,57]. However, both these 

studies revealed that most participants were unable to correctly rebuild the donning and, more importantly 

still, the doffing sequence. Indeed, inadvertent contamination usually happens during the doffing phase 

[58]. Since e-learning alone was not effective at teaching complex PPE donning and doffing skills [38,57], 

it was thought that adding a face-to-face teaching intervention could improve both skill acquisition and 

retention. After developing a protocol designed to test this blended learning modality [59], this 

multicentric randomized controlled trial was carried out [39]. Its results confirm that a blended learning 

intervention improves PPE doffing skills acquisition and retention. This is particularly important since 

viral pandemics are unpredictable and may recur at any time. Efficient teaching interventions must 

therefore be readily available to help healthcare professionals who have little or even no experience in 

PPE use acquire the necessary knowledge and skills to protect their patients, their loved ones, and of 

course themselves.  

Reference: Currat L, Suppan M, Gartner BA, Daniel E, Mayoraz M, Harbarth S, Suppan L, Stuby L. Impact of Face-

to-Face Teaching in Addition to Electronic Learning on Personal Protective Equipment Doffing Proficiency in 

Student Paramedics: Randomized Controlled Trial. Int J Environ Res Public Health. 2022 Mar 5;19(5):3077. doi: 

10.3390/ijerph19053077. PMID: 35270768; PMCID: PMC8910255 [39]. 
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Impact of a Serious Game (Escape COVID-19) on the Intention to Change 

COVID-19 Control Practices Among Employees of Long-term Care Facilities: 

Web-Based Randomized Controlled Trial 

During the first months of the COVID-19 pandemic, guidelines were frequently updated according to the 

rapidly increasing knowledge base regarding this new disease. This unavoidably led to the emergence of 

contradicting guidelines [10]. These contradictions fuelled conspiracy theories and undermined the 

dissemination of key infection prevention messages [14,60]. Motivated by the success of the gamified e-

learning module used to improve prehospital PPE use [38,43,57], the infection prevention and control 

(IPC) team of the Geneva University Hospitals suggested the idea of creating a serious game to improve 

IPC behaviour. This game, “Escape COVID-19”, was successfully developed by virtue of a trans-

departmental and interprofessional collaboration [44]. In 2022, it was featured as a World Health 

Organization case study [61]. 

Since an intervention can be visually appealing without being actually effective, a randomized trial 

designed to assess whether “Escape COVID-19” could improve IPC behaviour was planned [62]. The 

original article “Impact of a Serious Game (Escape COVID-19) on the Intention to Change COVID-19 

Control Practices Among Employees of Long-term Care Facilities: Web-Based Randomized Controlled 

Trial” describes its thrilling results: in a population of long-term care facility workers, participants were 

more than three time more likely to change their IPC behaviour after playing “Escape COVID-19” than 

after being presented with the official guidelines. 

Reference: Suppan M, Abbas M, Catho G, Stuby L, Regard S, Achab S, Harbarth S, Suppan L. Impact of a Serious 

Game (Escape COVID-19) on the Intention to Change COVID-19 Control Practices Among Employees of Long-term 

Care Facilities: Web-Based Randomized Controlled Trial. J Med Internet Res. 2021 Mar 25;23(3):e27443. doi: 

10.2196/27443. PMID: 33685854; PMCID: PMC7996198 [48]. 
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Nationwide Deployment of a Serious Game Designed to Improve COVID-19 

Infection Prevention Practices in Switzerland: Prospective Web-Based Study 

The successful deployment of “Escape COVID-19” was promptly followed by several requests for further 

dissemination, one of which came from members of the Swiss National Science Foundation’s (SNSF) 

National Research Program 78 (“COVID-19”). The SNSF supported the nationwide dissemination of 

“Escape COVID-19” by funding its translation in German and in Italian (an English translation was 

already underway by its developers). The SNSF also supported the creation of versions adapted to lay 

people, since the original game specifically targeted healthcare workers. In addition, the SNSF funded a 

part-time position promote the endorsement of “Escape COVID-19” by authoritative organizations and to 

inform the managers of health care facilities that this game was freely available online. 

This wide-scale deployment allowed the gathering of a huge quantity of data, and this publication details 

the factors impeding or facilitating the adoption of adequate IPC behaviour. It also describes the effect of 

cultural and professional background on the uptake of IPC messages and suggests solutions for future 

improvement. 

Reference: Suppan M, Stuby L, Harbarth S, Fehlmann CA, Achab S, Abbas M, Suppan L. Nationwide Deployment 

of a Serious Game Designed to Improve COVID-19 Infection Prevention Practices in Switzerland: Prospective Web-

Based Study. JMIR Serious Games. 2021 Nov 25;9(4):e33003. doi: 10.2196/33003. PMID: 34635472; PMCID: 

PMC8623323 [49]. 
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Asynchronous Distance Learning of the National Institutes of Health Stroke 

Scale During the COVID-19 Pandemic (E-Learning vs Video): Randomized 

Controlled Trial 

This last article describes a randomized controlled trial designed to evaluate the effect of a dynamic, 

highly interactive e-learning module on NIHSS knowledge acquisition in senior medical students in 

comparison with Patrick Lyden’s original video. Assessing whether this module was effective in this 

population of soon-to-be physicians was deemed particularly important since the medical students who 

participated in the study had been unable to participate in the usual clinical rotations which are part of the 

regular medical curriculum. Thus, these future professionals had not had the occasion to clinically assess 

stroke victims even though many of them would have to face patients presenting this time-critical 

pathology during their first year of residency. The module used in this study was an improved version of 

the module tested in a prior study [63]. 

Reference: Suppan M, Stuby L, Carrera E, Cottet P, Koka A, Assal F, Savoldelli GL, Suppan L. Asynchronous 

Distance Learning of the National Institutes of Health Stroke Scale During the COVID-19 Pandemic (E-Learning vs 

Video): Randomized Controlled Trial. J Med Internet Res. 2021 Jan 15;23(1):e23594. doi: 10.2196/23594. PMID: 

33428581; PMCID: PMC7812917 [47]. 
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Discussion, perspectives and conclusion 

Discussion 

The five articles described in this Privat-Docent thesis highlight several important aspects of web-based 

trials. First, although all these studies were carried out and published in a rather short time frame, most 

were randomized and all complied with the high-quality standards detailed in authoritative international 

guidelines [51,64]. In a 2022 systematic review carried out by Nyberg et al., the first publication described 

in this thesis (Effect of an E-Learning Module on Personal Protective Equipment Proficiency Among 

Prehospital Personnel: Web-Based Randomized Controlled Trial [38]) was the only quantitative study 

assessing interventions to change the work environment for which the overall quality was rated as “high” 

[65]. Therefore, and despite the importance of quickly increasing evidence in case of a rapidly evolving 

pandemic, taking the time to carefully plan and carry out high-quality studies is both desirable and 

feasible. Many Editors and publishers have strived to decrease their turnaround times for articles linked to 

the crisis at hand. It was thus even possible to submit study protocols for publication, thus enhancing 

research quality and enabling investigators to benefit from useful feedbacks provided by peer reviewers. 

Such a protocol was published prior to the assessment of “Escape COVID-19” among employees of long-

term care facilities [62]. This protocol, which was published in JMIR Research Protocols, was accepted 

less than a month after its initial submission (submitted November 10, peer review reports December 2nd, 

accepted December 8th). 

Collaboration is also a critical aspect of the studies presented as part of this thesis. Indeed, all these studies 

represent the fourth (or even fifth [49]) stage of the SERES framework and would have been impossible to 

carry out if the prior stages had not been completed [36]. These first stages could not have been completed 

without a strong interprofessional and trans-departmental collaboration: the early inclusion of IPC 

specialists in the development process was unquestionably required to validate the scientific foundations 

and theoretical bases of the learning materials [43,44]. Of course, collaboration is not limited to content 

validation by specialists of the subject matter: without graphical artists, beta testers, statisticians, software 

developers and web platform designers, considering such studies would be challenging if not impossible. 

The fifth stage of the SERES framework, which consists in the rollout and dissemination of the 

intervention, was mostly tackled in Nationwide Deployment of a Serious Game Designed to Improve 

COVID-19 Infection Prevention Practices in Switzerland: Prospective Web-Based Study [49]. While 

figures may seem rather high with more than 3’000 accounts created on the platform, they are hardly 

satisfactory for a nationwide deployment. This rather limited uptake is even more surprising given the 

high level of support provided by the Swiss National Science Foundation, which financed a part-time 

position to help disseminate the game, and by the Federal Office of Public Health which added a link to 

the game on its official platform and on its regular COVID-19 newsletter. In addition, Escape COVID-19 

was endorsed by more than 10 different organizations, including the Swiss Society for Public Health and 
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the Conference of Cantonal Health Directors. Since even the most effective intervention is ultimately 

ineffectual if not used, understanding the factors facilitating and impeding the dissemination of critical 

information is of the utmost importance. Therefore, a post-hoc analysis was carried out to understand the 

yield of different communication channels on account creation [66]. In this instance, a press release by the 

Geneva University Hospitals was shown to be significantly more effective than the official 

communication from the Swiss Federal Office of Public Health. While this may of course vary from one 

country or region to another, exploring the most efficient ways of conveying information is necessary to 

help manage future crises. 

Perspectives 

Three main perspectives can be drawn from this Privat-Docent thesis: (1) development of generic, 

adaptable infection prevention teaching interventions; (2) further testing and development of the NIHSS e-

learning module; and (3) CHERRIES topping i.e., suggestions for adaptating Eysenbach’s original 

checklist [51].  

Development of generic, adaptable infection prevention teaching interventions 

The gamified e-learning module and the serious game “Escape COVID-19” are now ailed by the very 

disease they tried to prevent [44]: the information they contain is markedly outdated and neither tool can 

currently be used to teach and promote infection prevention practices. Nevertheless, both tools have 

proven useful and the development of similar materials should be considered to anticipate future 

epidemics or even pandemics [67]. Since PPE requirements will vary depending on the pathogen, these 

teaching materials should be easily and quickly adaptable. Other elements should also be considered, 

including global accessibility: indeed, Internet bandwidth and outdated devices may prevent people living 

in low or middle-income countries from accessing these materials [68]. Furthermore, our experience 

shows that cultural specificities and linguistic particularities strongly influence message uptake [49]. To 

avoid omitting any important element when designing IPC teaching materials, the use of an appropriate 

development framework should be considered. A recently created framework called co.LAB could be 

particularly useful in this regard as it acknowledged the importance of interprofessional collaboration [69]. 

This framework is made of 23 building blocks sorted into five categories: 

1. Context and objectives (context, learning goals, game outline) 

2. Learning design (learners’ profiles, learning functions, learning objectives, learning foundations, 

pedagogical scenario, knowledge foundation) 

3. Mechanics (learning mechanics, game mechanics, learning incentives & rewards, game incentive 

& rewards, learning interaction, game interaction) 

4. Game design (goals & rules, game universe, fidelity and simulation model, interfaces and user 

experience, game structure, narrative) 

5. Assessment (learning assessment, game assessment) 
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This framework can be used and read in many different ways since the blocks and categories to which 

they belong can be rearranged at will. Since it natively embeds not only a collaborative dimension but also 

assessment elements, it appears particularly well-suited for the purpose of developing a generic and highly 

adaptable serious game which could be deployed in case of a new pandemic. 

Further testing and development of the NIHSS e-learning module 

Version 21c of the e-learning module designed to teach the NIHSS was used in Asynchronous Distance 

Learning of the National Institutes of Health Stroke Scale During the COVID-19 Pandemic (E-Learning 

vs Video): Randomized Controlled Trial [47]. This version was an improved iteration of the module used 

in a prior publication (version 20e) [70]. The improvements were based on the observation that knowledge 

acquisition (or at least adequate scoring using the test NIHSS videos) was lower in participants who had 

followed the e-learning module regarding one element, dysarthria. For this particular element, no video 

extract had been included in this version of the e-learning module. It was therefore theorized that 

including video extracts could significantly influence knowledge acquisition, and version 21c of the e-

learning embedded video extracts for all NIHSS items. The hypothesis held true and version 21c of the e-

learning module was either equal or superior to the traditional didactic video regarding knowledge 

acquisition [47]. Nevertheless, this module cannot be considered as the pinnacle of NIHSS teaching and 

deserves further improvements. Indeed, a perfect module should allow participants to achieve higher 

scores than those reported in this study [47]. Many improvements could be considered, including the 

addition of gamification elements. Although gamification could serve to further enhance learner 

engagement, it must however be acknowledged that it would not improve other aspects which directly 

influence patient assessment. A potential solution could be to include three-dimensional models which 

could allow learners to refine their physical examination  [71]. The yield of such models is however rather 

inconsistent and iterative assessments and improvements will be necessary to progressively enhance the 

module [72]. 

In the meantime, the current version of the NIHSS e-learning module can serve further purposes. Indeed, 

while this module has now been tested on paramedics and on medical students [47,70], its impact on other 

healthcare professionals remains to be determined. Since NIHSS knowledge may decline even among 

professionals who use this scale on a daily basis [73], a randomized trial is underway to determine if this 

e-learning module can restore NIHSS knowledge more effectively than the traditional didactic video in a 

population of nurses and physicians who are regularly confronted with stroke patients [74]. Knowledge 

retention will also be assessed through this study, which will also provide data regarding baseline NIHSS 

knowledge in this population. 

CHERRIES topping 

The very fast and often unpredictable technological evolutions require frequent adaptations in the design, 

methodology, and reporting of web-based studies. It would be preposterous to pretend covering all 
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potential types of currently conceivable web-based studies, and this section will therefore focus on the 

improvements which could be considered regarding CHERRIES [51]. 

Many evolutions regarding web-based surveys have taken recently taken place. In light of these changes, 

the inclusion of the following elements in CHERRIES could be considered: 

Full description of the survey tool 

There are many different tools available to administer online questionnaires. Many different features can 

prove useful regarding a particular survey, including question randomization, conditional (branching) 

logic, specific question types (hotspots, ranking, selection of single or multiple images, etc.) [75], 

embedded calculators (to provide participants with their personal score), personalized messages according 

to the answers provided, etc. Survey tools or platforms can also be used to manage participants by sending 

invitation emails, handling automatic reminders for non-responders and partial responders by sending 

email or even text messages [76], and acknowledging participation by generating certificates. Other 

innovative features will also be developed, and there is a virtually endless number of potential 

combinations which make it worth describing the whole tool to allow other researchers to replicate the 

methods. 

Data protection and GDPR compliance 

There are growing concerns regarding personal data protection and the GDPR sets strict and 

comprehensive rules in this regard [77]. Researchers should strive to abide to such rules and participants 

should be able to access their personal data, modify it or even erase it. This is of course only possible if 

participation is not anonymized. Regardless of the mode of participation, data protection and GDPR 

compliance should be clearly acknowledged, both on the study’s website and in the manuscript. 

Data access and encryption 

In line with the previous item, data should only be accessible by authorized personnel. Researchers are 

however unlikely to self-host their internet servers and employees of the hosting company may easily 

access unencrypted data present on the servers they manage. To prevent unauthorized access on shared or 

non-self-hosted servers, data encryption should be considered and reported accordingly [78]. 

Data back-up and extraction 

On the other end of the spectrum of data protection stands the problematic of data conservation and 

accessibility. Web server components can break down unexpectedly, including hard drives and other 

storage mechanisms. To avoid losing critical data, mechanisms should be set up to ensure that frequent 

back-ups are performed and minimize potential data loss [79]. In addition, while data should of course be 

protected from prying eyes, it should nevertheless be easily accessible to authorized personnel. Data 

should be easily extractible to formats compatible with most major statistical software (e.g., tab or comma 

separated values formats). 
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Data availability 

The FAIR (findability, accessibility, interoperability, and reuse) principles should be considered whenever 

designing a web-based questionnaire study [80]. Therefore, data availability statements should be 

mandatory for such studies and easily discoverable and searchable repositories should be used. 

Participants should be informed that their responses, not their personal data, will be made publicly 

available for scientific purposes. 

Spin-off applications 

The techniques developed and presented in this Privat-Docent thesis can serve other purposes than the 

development of e-learning modules, gamified interventions, and serious games, and several spin-off 

projects based on these foundations are already underway. For instance, an innovative way of ensuring 

participant anonymity while allowing for targeted reminders has already been developed. To achieve this, 

accounts are created using randomized usernames and passwords on a Joomla platform specifically 

created for this purpose. These credentials are imported along with the actual email addresses of 

participants, who are then invited to participate using a mailing component installed on the CMS platform. 

Those who agree to participate click on a link included in the invitation email, which automatically logs 

them in using a PHP “GET” request. This mechanism should help prevent attrition since participants are 

not required to enter or even to copy-paste credentials. In this particular study, participants are required to 

fill three questionnaires, and Joomla’s access control list is used to monitor participant progression. Thus, 

specific reminders can be sent to people who have started, but not completed the study. Once the last 

questionnaire has been completed, the participant’s email address is automatically removed from the 

system using a custom coded PHP script. This ensures absolute and irreversible anonymization. 

Conclusion 

The constraints imposed by the COVID-19 pandemic have led to the development of many tools designed 

to overcome these limitations. While all IPC measures regarding this pandemic have now been lifted, the 

knowledge gathered through this crisis remains and should be built upon to anticipate future, potentially 

similar crises. Recent technological developments have enabled clinicians, policy makers, and public 

health and IPC specialists to quickly and efficiently spread critical information. 
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