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D. Drummonda,b, MD, D. Monniera, MD, A. Tesnièrea,c, MD, PhD, A. Hadchouela,b, 

MD,PhD 

Abstract 

Background: Serious games may be useful tools for asthma education. The objectives of this 

systematic review were to identify the available articles on serious games designed to educate 

patients and the general public about asthma and to assess their impact on patient’s 

knowledge, behavior and clinical outcomes related to asthma. 

Methods: PubMed, Embase, Cochrane Library, PsychInfo, and Web of Science were 

systematically searched from January 1980 to December 2015 for studies investigating 

serious games in asthma education. Two investigators independently assessed studies against 

inclusion criteria and rated those included on indicators of quality. Investigators extracted 

data on serious games’ content and learning objectives, and on outcomes following 

Kirkpatrick classification. 

Results: A total of 12 articles were found to be relevant, describing a total of 10 serious 

games. All serious games were directed towards children, with eight games for children with 

asthma and two for school-based intervention. The average Medical Education Research 

Study Quality Instrument (MERSQI) score was 13.9 of 18, which is high. Most of the serious 

games were associated with high rates of satisfaction and improvement in children’s 

knowledge. Seven studies evaluated the impact of serious games on clinical outcomes, and 

found no significant difference relative to control groups.  

Conclusions: Although serious games designed for asthma education have evolved with 

advances in technology, results of their evaluation remained similar across studies, with clear 

improvements in knowledge but little or no change in behaviors and clinical outcomes.  
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Introduction 

Asthma education leads to significant improvement in controlling the disease, and reduces 

emergency department visits and hospital admissions(1–3). It is recognized to be an essential 

element in the management of asthmatic patients, and is recommended by national and 

international guidelines(4,5). However, attendance at asthma education programs is low (6). 

Barriers that have been identified include difficulty getting time off work, travel costs, 

psychological factors, and physician resistance(6–8). New approaches are required to reach 

patients and teach them asthma management.   

Serious games (SGs) are theoretically very useful tools for health education in general, and 

asthma education in particular. According to Bergeron, SGs are interactive computer 

applications, with or without a hardware component, that (i) have challenging goals, (ii) are 

fun to play and/or engaging, (iii) incorporate concepts of scoring, (iv) and impart skills, 

knowledge, or attitudes to the user that can be applied in the real world(9). From an 

educational perspective, they promote active learning, which is more effective than 

traditional didactic lectures for both knowledge acquisition and behavioral changes(10–12); 

they provide feedback, essential for learning(13); they promote deliberate practice by offering 

repetition of each game level until mastery is reached(14); and they encourage perseverance 

during the learning process because they are fun. From a healthcare perspective, SGs can 

teach patients to better understand the pathophysiology of asthma and the objectives of its 

treatments, to identify rare situations such as asthma attacks, and to practice several skills 

such as the inhalation technique. Finally, the accessibility of SGs is wider than classic asthma 
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education programs, and may reach many more patients. For these reasons, SGs can be 

considered to be new tools for changing patients’ behaviors and outcomes regarding their 

asthma(15).  

Previous reviews in the field were published more than 5 years ago(15–19), were not 

systematic(15–18), did not distinguish SGs from other computer-assisted instructions(18–20), 

and/or did not focus on asthma education(21,22).  

The objectives of this systematic review were to identify the available articles on SGs 

designed to educate patients and the general public about asthma and to assess their impact 

on patient’s knowledge, behavior and clinical outcomes related to asthma. 

 

Methods 

This systematic review was conducted in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines(23). To be eligible for 

inclusion, studies were required to describe or assess SGs created for the purpose of asthma 

education.  The definition of SGs by Bergeron was adopted for this review(9). Asthma 

education included all the interventions with the following goals: raising awareness that 

asthma is a serious chronic disease, ensuring the recognition of the triggers and symptoms of 

asthma, and/or ensuring effective management of asthma(24). Education tools aimed at 

health professionals were excluded from this review. No age limit for patients was applied.   

All types of publications, such as articles, editorials, and conference abstracts, reported in 

English or French, and published online between January 1st, 1980 and December 31, 2015 

were included. Past reviews were not included, but their eligible references were.  
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A comprehensive literature search of the PubMed, EMBASE, the Cochrane Library, Web of 

Sciences, and PsychInfo databases was conducted using the following key terms: (serious 

gam* OR videogame* OR video gam* OR gaming) AND (asthma). These terms were 

selected using an iterative process guided by pediatric pulmonologists and an expert in 

serious games on the basis of past systematic reviews(25,26). The returned studies were 

combined with the references of three relevant reviews(18,20,21). After removal of 

duplicates, the studies were screened independently and in duplicate by titles and abstract 

(D.D., D.M.), and studies which were not written in English or French and/or not relevant to 

asthma education were excluded. For the remaining studies, full-text articles were assessed 

for eligibility and sorted into the following categories: reviews or learning theory, intended 

for health professionals, not computer based, not considered to be a game, and relevant 

studies.  

Data extraction was performed independently and in duplicate (D.D., D.M.) on the basis of a 

data extraction form adapted from Wang et al.(26). Methodological quality was also assessed 

independently and in duplicate using the medical education research study quality instrument 

(MERSQI)(27). If a study used multiple assessment tools, the tool associated with the 

primary outcome was chosen. If the primary outcome was not specified by the authors, the 

tool associated with the highest level of evaluation defined by Kirkpatrick was evaluated(28) 

(Figure 2).  

Primary data was first extracted from the publication. If additional information was 

necessary, an internet search of the game name, publication title, and author was conducted. 

An email was sent to the corresponding author if further information was required. If 

information could not be provided, the field was marked “not specified”. Game genres were 

categorized according to the nomenclature described by Wolf(29) and adapted by Wang et 

al.(26). Several SGs were assigned to more than one genre because they included different 
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mini-games, or because of some overlap between genres. Learning objectives of each game 

were extracted in plain text, and then reorganized into eight categories. Study design, 

participants, intervention (including duration and frequency of game play), assessment tools, 

and results were also recorded.  

Any disagreements during the categorization of publications, data extraction, or assessment 

of MERQSI items, were settled by a third reviewer (A.H.). 

 

Statistical Analysis 

Data were collected and organized using Microsoft Excel (Microsoft, Redmond, WA) and 

statistical analysis was performed using PASW Statistics 18 (IBM, Armonk, NY). Cohen κ 

was used to assess interrater agreement for study selection, data extraction, and 

methodological quality assessment.  

 

Results 

The search identified 12 publications, describing 10 unique SGs, for inclusion (Figure 1). 

Interrater agreement calculated by Cohen κ was 0.96 for categorizing publications, 0.93 for 

data extraction, and 0.99 for MERSQI items. The articles associated with two references 

could not be found and were excluded from the analysis(30,31). The list of included SGs is 

presented in Table 1, sorted by date of publication of their related article. One SG was 

discussed only in a thesis which was not accessible(32). Another was found as a conference 

abstract, and developers of the game provided unpublished data of a randomized trial they 

conducted(33). The learning objectives of the included SGs are presented in Table 2.  

Given the definition of SG chosen, computer-assisted instructions without any fun element 

were not selected for analysis. All of the ten included SGs were directed towards children and 

teens.  A description of each game is presented in the supplemental material. 
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Evaluation Data 

The results of the evaluation of the included SGs were available for nine of 10. They are 

presented in Table 3 (a more detailed version of the Table is presented in the supplemental 

material, Table S1). This section is organized following Kirkpatrick’s levels of evaluation: 

user satisfaction with the SG (level 1), gain of skills and knowledge (level 2), behavioral 

change (level 3), and improved clinical outcomes (level 4) (28). In the second level, we added 

the level 2a, described by Mosley et al.(34), which relates in this review to the self-efficacy 

gained after playing the game. Level 2b corresponds to the gain of knowledge and skills as 

usually described.  

 

Player Satisfaction (Level 1) 

Seven studies covering six SGs reported player satisfaction. Overall, results were highly 

favorable for satisfaction associated with SGs. More than 90% of children who played the 

different SGs enjoyed it, and for some games such as Watch, Discover, Think and Act, a 

majority of children found it more fun than their favorite computer game.   

 

Self-efficacy (Level 2a) 

Six studies representing six SGs evaluated the modification of self-efficacy induced by 

playing the games, with mixed results. In a pre/post assessment, the children’s self-efficacy 

improved after playing the game in two studies (33,35) and remained similar in three others 

(36–38).  In randomized controlled trials, one SG was associated with more self-efficacy 

improvement than in the control group (35), while there was no difference for five others 

(33,36–39).  
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Two studies evaluated parent self-efficacy with mixed results. The first used a structured 

interview on asthma decision-making and behavioral capacity, and showed no difference(38). 

The second found a higher level of parent self-efficacy in the intervention group(33). 

  

Knowledge acquisition (Level 2b) 

Knowledge improvement was the most highly studied outcome, evaluated in all the articles. 

In a pre/post assessment, the children’s knowledge improved after playing the game in all but 

one study (40). In randomized controlled trials, six SGs were associated with more 

knowledge improvement than in the control group (33,35,36,39,41,42), while there was no 

difference for three others (37,38,40).  

Parent knowledge was assessed in four studies. There was no difference of parent knowledge 

in the intervention group compared to the control group in three studies (33,36,39), and a 

significant difference in favor of parents in the intervention group in one study (41).  

 

Behavior change (Level 3) 

Three studies evaluated whether playing the SG led to a change in behavior in real life. In the 

study from Rubin et al. (36), behavior changes were evaluated through a questionnaire on 

how the child participated in a variety of behaviors related to the management of asthma. 

Children and parents in the experimental group scored significantly higher for the total score 

than controls.  

Two other studies found no difference in the behavior of the children between the 

experimental and control groups(33,39).  

Clinical outcomes (Level 4) 

Seven studies, each evaluating one SG, reported clinical outcomes.  
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Six studies reported acute visits (33,35,36,38,39,41) and four reported hospital admissions 

due to asthma (33,35,36,38), with no difference between the intervention and control groups 

in all these studies. In one of these studies, the difference in terms of hospital admissions 

became significant in favor of the SG group after adjusting on pre-test assessment, sex and 

severity(38). 

Five studies evaluated patient symptoms (33,38–41). None of these studies demonstrated a 

difference between the intervention and control groups.  

Three studies included lung function tests (Forced expiratory volume in the first second 

(FEV1) and peak expiratory flow (PEF))(35,40,41). Game play was not associated with any 

improvement and there was no difference between the intervention and control groups.  

 

Discussion 

This study was the first systematic review to evaluate the effectiveness of SGs in asthma 

education. Overall, most of the SGs included in this review increased children’s knowledge 

of asthma but failed to change behaviors and did not improve clinical outcomes.  

The improvements in children’s knowledge of asthma after playing various SGs were 

consistent with findings from other reviews and meta-analysis which studied the 

effectiveness of SGs used in the fields of medication adherence (43), alcohol and drug use 

(44), sexual health behaviors(45), and general health promotion(46). However, if basic 

knowledge of the disease and its management is necessary for behavior change, it is not 

sufficient (47). Regardless of the learning vector, limited (information only) patient education 

for adults with asthma is not associated with behavior change or improved clinical outcomes 

(48). In contrast, self-efficacy, which is strongly associated with behavior change (49), was 
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rarely improved by the SGs included in this review. This in line with the results of other 

reviews which also reported unexpectedly small effects of SGs on self-efficacy (46,50).  

As a consequence, the few studies which assessed behavior change found little or no change. 

Changing behaviors through educational interventions is challenging(12,51), and few SGs 

reached this objective(44–46). An explanation may be that, in several studies included in our 

review, the SG was not played enough to lead to significant changes. In three studies, the SG 

was played just once(40,52,53), and in two others children were supposed to play freely at 

home but many did not(35,41). Future studies of SGs may benefit from testing the dose-

effect. 

Finally, there was no difference between the SG and control groups in terms of clinical 

outcomes, when results were not adjusted on covariates. Clinical outcomes are rarely 

evaluated in studies evaluating the effectiveness of SGs in the field of preventive 

medicine(43,44,46,54,55). The absence of difference observed in our review may be the 

consequence of the very limited impact that the SGs had on behavior change. However, two 

other explanations need to be discussed. A first explanation may be a lack of power. Several 

studies reported a trend towards an improvement of clinical outcomes in the intervention 

group relative to control groups, but all failed to reached statistical significance. A second 

explanation may be that these interventions were directed towards children, and not their 

parents. Parents are the primary care providers for their children with asthma, and educational 

intervention should also be directed towards them.  

The SGs included in this systematic review were all computer or web based. Mobile phone 

applications may be more appropriate to educate children and adolescents: a survey among 

children and adolescents in Europe and Japan aged 9 to 16 years old found that, on average, 

69% used a mobile phone, which was a smartphone in two-thirds of the cases(57). The easy 
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accessibility of serious games integrated in mobile applications on smartphones may enhance 

their effectiveness as educational tools, but to our knowledge, the three educational games 

developed on mobile applications for children with asthma were not evaluated(58). This 

approach is nevertheless supported by the demonstration that an app which associated 

reminders and positive reinforcement, although not being a SG, was effective in improving 

adherence and asthma control among underserved minority adolescents(59). 

Thus, this systematic review has three main implications for the development of future SGs 

in asthma education. First, because it was shown that patient education limited to the delivery 

of information was not sufficient to lead to behavior change and improved clinical outcomes 

(48), we think that future SGs should not be limited to the delivery of information through 

quizzes or mini-games. Rather, developers should consider involving more game genres such 

as management or training simulation which are more likely to promote behavior change. 

Second, all the actors involved in pediatric asthma management should be targeted by 

educational interventions and the parents of children with asthma should not be left aside. To 

our knowledge, no SG was developed specifically for these parents, while parent education 

through interactive media seems possible and effective (60). Third, the effectiveness of SGs 

may be enhanced if they were integrated in mobile applications, and such applications should 

also be scientifically evaluated.  

This systematic review has some limitations. First, we included only games that were 

described in the scientific literature, while other games for asthma education were developed. 

Second, conclusions were drawn on a small number of game studies. However, the average 

MERSQI score was 13.9 out of 18, reflecting the overall good evaluation methodology of 

these studies. This score is well above the average of 9.95 calculated by Reed et al., who 

applied the scale to 210 medical education research studies(27). Third, in multicomponent 

interventions, the effect of the game component could not be analyzed separately from the 
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other intervention components. Fourth, knowledge and self-efficacy measurements relied on 

questionnaires which were often developed by the authors of the studies, and were not 

reproducible across studies. Lastly, the heterogeneity in the design of the studies, which 

evaluated different types of SGs, involved different uses, different control groups, and 

different primary outcomes, precluded the performance of a meta-analysis. 

In conclusion, SGs for asthma education allow children to effectively learn while having fun. 

However, no significant difference could be shown for clinical outcomes despite most of the 

trends favoring the SG group.  
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Figure 1: Flowchart of systematic review and categorization 

Figure 2: Classification of outcomes related to educational interventions based on Kirkpatrick 
model (28) adapted by Mosley (34) 

Table 1: Overview of Included Serious Games 

Table 2: Learning goals of Serious Games published in journal articles  

Table 3: Outcome data for identified trials. 
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Table 1: Overview of Included Serious Games 

 

 

Authors Game Audience Game Genre Platform Development 
Team 

Publication Represented 
online? 

Rubin et al 
(1986)(36) 

Asthma 
Command 

Asthmatic 
children 7-12 
years 

Management 
simulation 

Computer Not specified Journal 
article 

No 

        
Bartholomew 
et al 
(2000)(38), 
Shegog et al 
(2001)(37) 

Watch, 
Discover, 
Think and Act 

Asthmatic 
children in 
elementary 
and middle 
school. 

Training 
simulation 

Computer Medical experts, 
Programmers/game 
designers, 
Educationalists 

Journal 
article 

No 

        
Yawn et al 
(2000)(42) 

Air Academy: 
The quest for 
Airtopia 

School 
children 6-12 
years 

Adventure Computer Medical experts, 
Programmers/game 
designers, 
Educationalists, 
Psychologists 

Journal 
article 

No 

        
Homer et al 
(2000)(39) 

Asthma control Asthmatic 
children 3-12 
years 

Adventure, 
Platform 

Computer Medical experts, 
Programmers/game 
designers, 
Educationalists 

Journal 
article 

No 

        
McPherson 
et al 
(2002)(53), 
McPherson 
et al 
(2006)(35) 

The Asthma 
Files 

Asthmatic 
children 7-14 
years 

Mini games, 
Quiz 

Computer Medical experts, 
Programmers/game 
designers, 
Psychologists 

Journal 
article 

No 

        
Huss et al 
(2003)(40) 

Wee Willie 
Wheezie 

Asthmatic 
children 7-12 
years 

Platform Computer Medical expert Journal 
article 

No 

        
Shames et al 
(2004)(41) 

Bronkie’s 
Asthma 
Adventure 

Asthmatic 
children 5-12 
years 

Adventure Super 
Nintendo 

Medical experts, 
Programmers/game 
designers, 
Educationalists 

Journal 
article 

No 

        
Howell 
(2005)(32) 

Quest for the 
code 

Asthmatic 
and school 
children 8-11 
years 

Mini games, 
Quiz, 
Adventure 

Computer 
and web-
based 

Not specified Thesis 
asbtract 

Yes(61) 

Kaufman et 
al (2011)(52) 

Asthma: 1,2,3 . 
. . Breath! 

School Teens 
14-18 years 

Boardgame Web-
based 

Medical experts, 
Programmers/game 
designers, 
Educationalists 

Journal 
article 

Yes(62) 

        
Schroeder 
(2012)(33) 

Lungtropolis Asthmatic 
children 5-10 
years 

Mini games, 
Quiz, Puzzle 

Web-
based 

Not specified Conference 
abstract + 
Unpublished 
data 

Yes(63) 
 



A
cc

ep
te

d
 A

rt
ic

le

This article is protected by copyright. All rights reserved. 

 

Table 2: Learning goals of Serious Games published in journal articles.  

 

 

 

 

 

  

Authors  Game Pathophysiology 
of asthma 

Recognition 
of triggers 

Recognition 
of 

symptoms 

Inhalation 
technique 

Appropriate 
use of 

medications 

Therapeutic 
compliance 

Appropriate 
use of 
health 

services 

Maintenance 
of normal 
activity 
(school 

attendance) 
Rubin 
(1986)(36) 

 Asthma 
Command  X X  X X X X 

           
Bartholomew 
(2000)(38), 
Shegog 
(2001)(37) 

 Watch, 
Discover, 
Think and 
Act 

 X X  X X X  

           
Yawn 
(2000)(42) 

 Air 
Academy: 
The quest for 
Airtopia 

X X X  X X   

           
Homer 
(2000)(39) 

 Asthma 
control 

 X X  X  X X 

           
McPherson 
(2002)(53), 
McPherson 
(2006)(35) 

 The Asthma 
Files 

 X X  X  X  

           
Huss 
(2003)(40) 

 Wee Willie 
Wheezie  X X  X    

           
Shames 
(2004)(41) 

 Bronkie’s 
Asthma 
Adventure 

 X X X X X  X  

           
Howell 
(2005)(32) 

 Quest for the 
code X X X  X  X  

           
Kaufman 
(2011)(52) 

 Asthma: 
1,2,3 . . . 
Breath! 

 X X  X    

           
Schroeder 
(2013)(33) 

  
Lungtropolis X X X  X  X  
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Table 3: Outcome data for identified trials.

I: intervention group; C: control group. SE: self-efficacy; K: Knowledge; B: Behavior; CO: 
Clinical outcomes.  
EV: emergency visits. HA: hospital admissions. W: week. Asterixis (*) indicate the primary 
outcome for each study when defined by the authors.  
A more detailed version of the table is presented in the supplemental material (Table S1) 
 

 

Authors  Study participants Results  MERSQI 
Score (of 18) 

Rubin et al 
(1986)(36)  

65 asthmatic children 
7-12 years  

- K/SE: Higher improvement in children knowledge in the I group. No 
diff. for parent knowledge. No diff. in SE. 
- B:  Improved behavior related to the management of asthma in children.  
No difference for parent behavior (questionnaire) 
- CO: No difference in the number of EV, hospital days, and school days 
absent.  

18 

    
Bartholomew et al 
(2000)(38)  

133 asthmatic children 
7-17 years  

- K/SE: No difference between groups for child knowledge and SE. 
- CO: No difference on symptoms, functional status, HA, and EV when 
results were not adjusted on covariates. Decreased HA number when 
adjusted on baseline, sex and severity. 

14.4 

    
Yawn et al 
(2000)(42)  

87 children 9-10 years  - K: Higher post-test knowledge scores in the I groups than in the C 
group* 

12.5 

    
Homer et al 
(2000)(39)  

137 asthmatic children 
3-12 years  

- K: Higher child knowledge in the I group; No difference in parent 
knowledge  
- B: No difference on children behavior (questionnaire) 
- CO: No difference in asthma severity, functional status, mean number of 
EV* and acute office visits*  

16.2 

Shegog et al 
(2001)(37)   

71 asthmatic children 
8-13  

- SE/K: No difference in self-efficacy, attribution, knowledge of asthma 
self-management (questionnaires) 
 

13.5 

    
McPherson et al 
(2002)(53)   

10 asthmatic children 
7-14 years 

- K: Improvement pre/post on the Child Knowledge and Appraisal 
Questionnaire scores* 
 

10 

    
Huss et al 
(2003)(40)  

101 asthmatic children 
7-12 years  

- K: No difference on the Pediatric Asthma Quality of Life Questionnaire, 
Air Control Questionnaire (on management strategy), Asthma knowledge 
test (on signs, symptoms, and cause of asthma) 
- CO: No difference on asthma symptoms*, lung function tests. 

14.5 

    
Shames et al 
(2004)(41) 

119 asthmatic children 
5-12 years  

- K: Child knowledge: Higher score for the I group at W8 but not at W32 
and W52. 
Parental knowledge: No difference at W8 but higher score for the I group 
at W32 and W52. 
- CO: No difference in asthma symptoms, lung function and acute visits. 

15.6 

    
McPherson et al 
(2006)(35)  

101 asthmatic children 
7-14 years  

- K: Higher knowledge* scores in the I group at 1 month. 
- SE:  Higher CALOC (Children’s asthma locus of control) scores in the I 
group at 1 month.   
- CO: No difference on lung function, EV,HA, and steroid use at one 
month. Improved CO on steroids use and school absence at the 6-month 
follow-up but not significant in the intention-to-treat analysis.  

16.5 

    
Kaufman 
(2011)(52)  

133 teens 14-18 years - K: Significant improvement pre/post in knowledge*  10.5 

    
Schroeder 
(2013)(33)  

622 asthmatic children 
5-10 years with their 
parents  

- K/SE:  Higher knowledge scores in children, not in parents. Higher self-
efficacy scores in parents, not in children 
- B: No difference on medication adherence (questionnaire) 
- CO: No difference in attitudes, behavior, asthma control, EV and HA 
(data not shown for EV and HA) 

11.5 
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