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Abstract 

Background:  Clinical practice guidelines (CPGs) have teaching potential for health professionals in training clini‑
cal reasoning and decision-making, although their use is limited. The objective was to evaluate the effectiveness of 
a game-based educational strategy e-EDUCAGUIA using simulated clinical scenarios to implement an antimicrobial 
therapy GPC compared to the usual dissemination strategies to improve the knowledge and skills on decision-making 
of family medicine residents. Additionally, adherence to e-EDUCAGUIA strategy was assessed.

Methods:  A multicentre pragmatic cluster-randomized clinical trial was conducted involving seven Teaching Units 
(TUs) of family medicine in Spain. TUs were randomly allocated to implement an antimicrobial therapy guideline with 
e-EDUCAGUIA strategy ( intervention) or passive dissemination of the guideline (control). The primary outcome was 
the differences in means between groups in the score test evaluated knowledge and skills on decision-making at 
1 month post intervention. Analysis was made by intention-to-treat and per-protocol analysis. Secondary outcomes 
were the differences in mean change intrasubject (from the baseline to the 1-month) in the test score, and educa‑
tional game adherence and usability. Factors associated were analysed using general linear models. Standard errors 
were constructed using robust methods.

Results:  Two hundred two family medicine residents participated (104 intervention group vs 98 control group). 100 
medicine residents performed the post-test at 1 month (45 intervention group vs 55 control group), The between-
group difference for the mean test score at 1 month was 11 ( 8.67 to 13.32) and between change intrasubject was 
11,9 ( 95% CI 5,9 to 17,9). The effect sizes were 0.88 and 0.75 respectively. In multivariate analysis, for each additional 
evidence-based medicine training hour there was an increase of 0.28 points (95% CI 0.15–0.42) in primary outcome 

© The Author(s) 2022. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Open Access

*Correspondence:  isabel.cura@salud.madrid.org

1 Research Unit, Primary Care Assistance Management, Madrid Health Service 
Madrid, C/ San Martín de Porres, 6 _ 5ª Planta, 28035 Madrid, Spain
Full list of author information is available at the end of the article

http://orcid.org/0000-0002-3931-5304
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12909-022-03843-4&domain=pdf


Page 2 of 13del Cura‑González et al. BMC Medical Education          (2022) 22:893 

Contributions to the literature

•	A game-based educational strategy appears to be more 
effective in the short term than classic dissemination 
strategies for the implementation of clinical practice 
guidelines in the postgraduate training program of 
family and community medicine

•	Previous training in evidence-based medicine is related 
to higher skill acquisition after clinical practice guide-
line implementation processes in the residency setting

•	The effectiveness of the intervention has been tested 
with an appropriately designed pragmatic clinical trial.

•	Adherence to educational games in the absence of spe-
cific incentives is moderate.

Background
Several studies have analysed the potential teaching of 
Clinical practice guidelines (CPGs) for training clini-
cal reasoning and decision-making for medical resi-
dents in different clinical areas, such as hypertension [1], 
lower urinary tract infection treatment [2], approach to 
risk factors for chronic kidney disease [3], colon cancer 
screening [4] and the selection of an oral anticoagulant 
to prevent ischaemic accidents [5]. However, their imple-
mentation continue to be deficient [6–8].

The implementation of a CPG aims to ensure that the 
recommendations it proposes are followed [9]. The most 
used strategy for promoting awareness of CPGs in train-
ing programs for medical residents is passive dissemina-
tion [10], sometimes accompanied by reminders [11] or 
incentives. However, these methods have obtained only 
moderate effects [12]. Other simple strategies, such as 
the organization of seminars in which the contents of 
the CPG are presented, offer little evidence of effective-
ness when the outcomes of the care process are meas-
ured [13]. Reading clubs can have some, improving their 
knowledge of clinical epidemiology and biostatistics, 
habits, reading skills and the use of medical literature, 

including CPGs [10]. More complex interventions that 
mix training methodologies with quality improvement 
plans have shown an impact on intermediate outcomes 
in diabetic patients in a Family medicine residency pro-
gramme [1].

Some strategies incorporated in recent decades has 
been educational games and gamification. Both of them 
are active methodologies to turn the student into the 
protagonist of his learning, using game dynamics. Game 
Based Learning can use games, either created or invented 
for the occasion, in order to learn through them. Thus, 
the game becomes a vehicle to consolidate concepts [6, 
14]. Gamification is a teaching strategy that incorporates 
elements of game design and its mechanics. It involves 
the design of a real or virtual educational environment 
that involves the definition of tasks and activities using 
the principles of games [15].

Games allow the practical application or simulation 
of real-life conditions that reflect complexity of clini-
cal practice better than traditional teaching formats and 
have the potential to motivate students [16, 17]. They 
have been primarily used with medical students finding 
positive effects on increasing knowledge and many of the 
studies were of low or moderate quality and did not eval-
uate the impact of games on student satisfaction, skills, 
attitudes or behavior [18–20]. Educational games dis-
seminated by information and communication technolo-
gies (ICTs) are well-accepted and are used more if they 
are fun and if they help develop patient interaction skills.

In medical residents training, game-based learning 
methodologies are often presented through ICT and can 
be classified according to two criteria: a) the mechanism 
of the game—pay games, thinking games, quizzes, role-
playing games and simulations/skill games-and b) the 
complexity of learning experience classified in four levels. 
The simplest learning process in a game is the experience, 
in a two-stage game, experience is followed by reflection. 
A three-stage game model includes experience, reflec-
tion, and the creation of a new plan for the next cycle 

and in the change intrasubject each year of increase in age was associated with an improvement of 0.37 points and 
being a woman was associated with a 6.10-point reduction. 48 of the 104 subjects in the intervention group (46.2%, 
95% CI: 36.5–55.8%) used the games during the month of the study. Only a greater number of evidence-based medi‑
cine training hours was associated with greater adherence to the educational game ( OR 1.11; CI 95% 1.02–1.21).

Conclusions:  The game-based educational strategy e-EDUCAGUIA shows positive effects on the knowledge and 
skills on decision making about antimicrobial therapy for clinical decision-making in family medicin residents in the 
short term, but the dropout was high and results should be interpreted with caution. Adherence to educational 
games in the absence of specific incentives is moderate.

Trial registration:  ClinicalTrials.gov Identifier: NCT02​210442. Registered 6 August 2014.

Keywords:  Health Personnel/education, Professional Competence, Experimental Games, Problem Solving, Practice 
Guidelines, Game-based learning
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(e.g., in games that allow the player to choose response 
categories or that allow bidding). A four-stage model 
includes experience, reflection, abstraction of the topic, 
and planning the next step of the experience [16].

Some studies show in surgical specialties, educational 
games are valued as acceptable and useful by physicians 
[21] and have also been used as an evaluation method 
[22] but the results on their effectiveness in improving 
specific skills have contradictory results. [23, 24]. Among 
family medicine and internal medicine residents, the 
majority of the studies used the game as a teaching and 
review tool, and 4% as an assessment tool [25]. Most of 
them had one or two learning phases [26] and evaluated 
as main outcomes the improvement of knowledge and 
skills [27] but evidence of their effectiveness in improving 
the implementation of CPG is scarce. Most of the ICT-
mediated games refer to web sites or software designed 
for this purpose [28] and in those in which their usabil-
ity and acceptability among medical residents of different 
medical specialties have been studied, the evaluation has 
been good [29].

Different systematic reviews [30–32] conclude that 
their results do not confirm or refute the usefulness of 
games as a teaching strategy for health professionals and 
that there is a need for additional high-quality research 
to explore the impact of games on patient outcomes and 
professional performance [33]. The use of educational 
games in training programmes is conditioned by both 
logistical factors—as high numbers of students, the need 
for teacher preparation time, the complexity of devel-
oping simulations—which are recognized as crucial for 
developing the competence of health professionals [34], 
and individual factors, such as reflective practices and the 
significant gender dissonance regarding preferred types 
of games, the educational value of video games and the 
desire to participate in games that realistically simulate 
the experience of clinical practice [18].

In Spain, the specialty of Family and Community Medi-
cine, like other specialties, is obtained through a post-
graduate training program known as Medical Internship 
(MIR) with a duration of 4 years and taught in accredited 
health centers and hospitals. We have an official national 
training program that includes among the competences 
the medical resident has to learn during his training 
period, the acquisition of knowledge about evidence-
based medicine tools and clinical practice guidelines. 
GuíaSalud is the Spanish National Health System’s CPG 
elaborating institution, created in 2002 as an instru-
ment to improve the quality of healthcare. Its catalog can 
be consulted at https://​portal.​guias​alud.​es/​gpc/. In our 
study, the antimicrobial therapy guide [34] was prior-
itized, for its clinical relevance, as the knowledge area in 

which to study the effectiveness of and adherence to the 
e-EDUCAGUIA game strategy.

The objective was to evaluate the effectiveness of a 
game-based educational strategy e-EDUCAGUIA using 
simulated clinical scenarios to implement an antimi-
crobial therapy GPC compared to the usual dissemina-
tion strategies to improve the knowledge and skills on 
decision-making of family medicine residents. Addition-
ally, adherence to e-EDUCAGUIA teaching strategy was 
assessed.

Methods
Design and population
A multicentre randomized clinical trial by clusters was 
conducted within the framework of the EDUCAGUIA 
Study [35] (Supplementary material 1). This article has 
been elaborated following the Consort cluster guideline 
(Supplementary material 2).

Invitations to participate were extended to the 7 mul-
tiprofessional family and community care teaching units 
(TUs) accredited by the Ministry of Health in Madrid 
region, Spain. In 2015, 844 family medicine residents and 
96 family nurse residents were trained in these units, in 
131 health centres and 20 associated hospitals [36]. Fam-
ily medicine residents who had at least 6 months of train-
ing were eligible to participate.

Sample size
Considering that to evaluate the effectiveness of this 
intervention, 200 volunteer medicine residents would be 
needed, and based on assumptions about design effects 
and estimated losses detailed in the study protocol for 
the general project (see Supplementary material 1) [35], 
a sample of this size would allow us to detect a somewhat 
large effect size, on the order of 0.725, with a power of 
90%. With a common standard deviation of 20 points for 
both groups, this sample size would allow us to find mean 
differences of 14.5 points.

Recruitment
Recruitment was carried out in two stages. First, those 
responsible for the 7 TUs in the Community of Madrid 
were invited to participate voluntarily through a pres-
entation session in which the educational intervention, 
objectives, and evaluation methodology of the study were 
described. Subsequently, each UT was responsible for 
recruiting its medical residents on a voluntary basis. This 
was done through the ordinary communication chan-
nels of the mandatory training plan (e-mail), including a 
letter of invitation from the principal investigator of the 
project.

https://portal.guiasalud.es/gpc/
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Their participation in the trial fell within the frame-
work of the planned activities of the residency program. 
In these cases, individuals cannot act independently, and 
the principle of autonomy is absent [37]. For this reason, 
and following international examples, the heads of stud-
ies, in their role as gatekeepers who act as a “mecha-
nism of representation of the conglomerate”, were asked 
to consent to participate. The heads of each TU agreed 
to participate in the study after receiving an acceptance 
form that provided the details of the educational inter-
vention and how it would be evaluated through the 
acceptance form. However, each individual had to tac-
itly consent to participate in the study once the TUs had 
agreed to participate, as recommended [38].

Randomization
Randomization was performed after recruitment of med-
icine residents. The 7 TU were assigned by randomiza-
tion to the intervention group or the control group by 
an in- dependent statistician who was masked to the TU 
identifiers using Epidat 4.1 software. Random allocation 
was stratified by TU size and done in blocks of two, with 
intervention and usual care allocated simultaneously. The 
unit of analysis was the medicine resident.

Intervention
The educational strategy e-EDUCAGUIA is a complex 
intervention based on an educational game with a rank-
ing and a combination of competitive play styles. It was 
designed by a multidisciplinary team of primary care 
professionals with experience in training students and 
medical residents and know how to guideline develop-
ment and use new technologies as teaching tools. Its 
development followed the recommendations and tax-
onomy proposed by the Cochrane Effective Practice and 
Organization of Care Review Group. Supplement 1 [35] 
details this intervention according to the methodological 
proposal of Perera et al. [39] and TDIER ( Supplementary 
material 3).

The game can be described as a contest-type game with 
two stages (experience followed by reflection) [16]. The 
contents of the game were developed according to clini-
cal areas and recommendations selected from CPG based 
on population prevalence criteria and frequent reasons 
for consultation in primary care. These selections were 
made by the consensus of a multidisciplinary team. The 
included content areas were adult infections, lower upper 
and lower respiratory, upper and lower urinary tract, 
genital and breast, adult skin and soft tissue, oral and 
dental, ophthalmological and dental infections.

The material was developed by experts based on the 
recommendations of the selected guide and the compe-
tencies for these areas outlined in the family medicine 

programme using accredited training material recom-
mended by the Infectious Disease Group of the Madrid 
Society of Family and Community Medicine For each 
processes, clinical scenarios were constructed that cov-
ered the following dimensions: fundamentals, clinical 
orientation, diagnosis and therapy. The scenarios and 
questions were developed. Due to its importance, the 
therapeutic dimension was prioritized; 50% of the play 
opportunities focused on this dimension.

Each clinical scenario was developed and discussed by 
the research team and could include text, images or vid-
eos. The questions were introduced after the presentation 
of each clinical scenario. Some questions about each sce-
nario asked about knowledge and others presented con-
secutive steps in decision making; for example, in a first 
question the medical resident had to choose an antibi-
otic treatment for a specific process and patient profile, 
in a second question he/she had to provide information 
about the clinical evolution or preferences of the patient 
and had to make decisions about requesting additional 
tests, referral to hospital, change of treatment, etc.). Sup-
plementary material 4 shows as an example some screen 
games in original version.

A pilot study was conducted with 10 professionals 
(family physicians and family medicine residents) on 4 
different occasions to review scenarios and questions, 
with their contributions, the questions and rules were 
modified, and the final version was determined.

The mechanics of the game consist of answering a bat-
tery of 10 questions with 4 response options in each area 
( a total of 100 questions), and its objective is to accu-
mulate the most points. The maximum time allowed to 
resolve an area is 6 min. Each correct answer is awarded 
10 points, with 3 points awarded for each minute left 
over at the end of the game and 3 points awarded for 
each help item that is not used. The 3 help items avail-
able are “ guardian help”, which consists of an audio file 
that reviews the main concepts that the questions covers; 
the “50%” wild card, which eliminates 2 of the possible 
answers; and the “guide access wild card”, which contains 
a direct link to the chapter of the CPG that pertains to 
the relevant pathology. The difficulty was increased to 
allow the player to learn the mechanics of the game and 
obtain benefits.

The application generates a report for each completed 
training session and ranks the medical residents to allow 
them to compare their results with those of other users 
in terms of both the number of successes and in the time 
required to complete the scenarios. The website is acces-
sible from any computer after registration, and an app 
allows the game to be downloaded on any smartphone.

In both control and intervention groups, an initial 
60-min session was held on what CPGs are and where 
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to find them. The National Guidelines Plan of the Span-
ish National Health System GUIASALUD, its web page 
and its CPG library catalogue, including the antimicro-
bial therapy guideline [40], were presented. After this ini-
tial session, a test (pre- test) was administered to assess 
knowledge and skills on decision making based on 10 
clinical scenarios on antimicrobial therapy.  After this 
session both groups received the routine dissemination 
by e-mail of the CPG and the Intervention group also 
received an invitation to use educational games designed 
for this project for a month. During the first week of use 
of the e-Educaguia application, the participants were 
consulted on possible improvements, and a modification 
was included, stopwatch did stop when the participant 
requested a tutor’s help.

Another face-to-face session was held for both groups 
one a month after the intervention, and a final test ( post 
test) was administered. Both sessions were made in the 
same place, a classroom in each TUs and during their 
usual meeting timetable from 2 to 3 pm.

Variables
Primary outcome was the test score evaluated knowledge 
and skill on decision-making based on 10 clinical scenar-
ios related to the CPG one month after the intervention. 
It included 25 questions formulated in such a way that 
they required the integration of knowledge as it is applied 
to decision-making in clinical practice according to level 
2 of the learning proposal of Kirkpatrick et al. [41]. This 
level represents the extent to which participants change 
attitudes, improve knowledge and/or increase skills as a 
result of participating in the programme.

As in the scenarios of the games, half of the questions 
on the questionnaire were related to therapeutic manage-
ment. The ranged test scores from 0 to 100 points. The 
time available to complete it was 45 min and the medical 
resident could check the scores at the end.

Secondary outcomes were the change of intrasubject in 
the test score, from basal to month post intervention, the 
adherence to the EDUCAGUIA strategy ( measured as 
the percentage of students who had obtained some score 
on the game and was included in the ranking) and the 
usability collected with an open question.

The sociodemographic variables age, gender and 
nationality were collected. Regarding specialized health 
care training variables, the ranking on the access test 
(number of order), year of residence and results on the 
annual residency program evaluation (acceptable, out-
standing or excellent) were collected. As measures of pre-
vious training related to the number of hours of critical 
appraisal and training in CPG and evidence-based medi-
cine tools per year of residency.

From the TUs, the following data were collected: total 
number of medical residents by year of residence; posi-
tion of the TU among the Regarding specialized health 
care training rankings in family medicine resident in the 
last three classes; availability of a training programme for 
medical residents on evidence-based practice and CPG 
use in the previous year and the number of hours of the 
programme; characteristics of the TU’s head of studies 
and technician, such as gender, age, specialty, academic 
level (graduate or physician), time in the position, experi-
ence in preparing CPGs and experience with EBM tools.

Data collection
The TUs variable data were provided by the heads of 
studies and technicians of each unit. The medical resi-
dents were given an identification key and access to the 
project website, where, after agreeing to participate in the 
study, they provided their sociodemographic and training 
variables.

The test scores obtained basal and one month post 
intervention were recorded. Data on each medical resi-
dent’s participation in the game, the time and success in 
its execution were collected from reports prepared by the 
programme after the completion of the game.

The participants in the intervention group could pro-
vide input on the usability of the game in the project 
website where the game was hosted and by email.

Statistical analysis
The description of the baseline characteristics, con-
tinuous variables are expressed as means and standard 
deviations (SD), and categorical variables are expressed 
as proportions with 95% confidence intervals. The tests 
used to compare variables between groups were the chi-
square test or Fisher’s exact test for categorical variables 
and the student’s t-test or Mann–Whitney test for con-
tinuous variables.

Primary outcome analyses were carried out in accord-
ance with the intention-to-treat principle, and per-proto-
col analysis missing data were replaced with the mean of 
each TUs at 1 month. The difference in means between 
groups in the test score after one month of the interven-
tion was calculated using Student’s t-test with its corre-
sponding 95% CI.

To adjust the effect of the intervention and to explain 
the factors associated to the final test score general lin-
ear models—GLM were used as regression methods, in 
this case with "identity" link functions and the normal or 
gamma distribution. GLMs allow unbiased estimators of 
the associations to be obtained in the presence of hetero-
scedasticity [42]. Standard errors were constructed using 
robust methods, taking into account the subjects’ origin 
from different clusters (TUs). Family medicine residents 
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as TUs covariableswere included in these multivariate 
regression models. We tested several regression models, 
from which we selected the best ones for their fit criteria 
(AIC and BIC).

As a secondary outcome the difference intrasubject 
was calculated using Paired Student t Test and a gen-
eral linear model was constructed to explain the factors 
associated with the same methodology as for the primary 
outcome.

Adherence was calculated as percentage and the factors 
associated with the adherence game were analyzed using 
a general linear model with a logit identity function. The 
usability was collected with an open question and the 
responses are described.

Results
Characteristics of the study participants
A total of 202 medical residents were included in the 
study. Figure 1 presents the flowchart of the study.

The subjects were equally distributed in terms of gen-
der, age and nationality. There was a nonsignificant 

tendency for there to be less training in EBM but more 
training in critical appraisal in the intervention group. 
The percentages of medical residents in their first two 
years and those in their second two years were equiva-
lent in both groups. The scores of the medical residents 
in their first year were better in the intervention group 
than in the control group. There were no differences in 
the pre-test scores between the intervention and control 
groups. Table  1 presents the characteristics of the sub-
jects in each group and their comparability.

Primary outcome
At the month post intervention, the post-test was com-
pleted by 100 medicine residents, 45 in the intervention 
group (43.3%) and 55 in the control group (56.1%). No 
statistical differences were found between included par-
ticipants and dropouts. Participants per teaching unit are 
presented in the Supplementary 5.

Difference in means of test score at 1 month was 11 
points ( CI 95% 8,67 to 13,32) in ITT analysis and 11.3 
points ( CI 95% 6,8 to 15,9) in per protocol analysis. 
Given that the standard deviation of the distribution 

Fig. 1  Flow Diagram
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of the post-test scores was 12.72 points, the effect sizes 
can be estimated as 0.88 (Table 2).

Belonging to the intervention group was associ-
ated with an 11.81-point increase in the mean score 
adjusted by covariables compared to the control group. 
Factors associated were the EBM training hours, for 
each additional hour of EBM training, the mean score 
increased by 0.28 points. No differences were found in 
any other variables (Table 3). 

Secondary outcome
Difference in means in the change intrasubject from base-
line test score to one month test score was 11.9 (IC 95% 
5,9–17,9) (Table 2), being the effect sizes estimated 0.75.

In the multivariable analysis, belonging to the inter-
vention group was associated with an increase of 12.04 
points, each year of increase in age was associated with 
an improvement of 0.37 points and being a woman was 
associated with a 6.10-point reduction. Each additional 
hour the mean score increased by 0,13 points but at the 
limits of statistical significance (Table 4). 

In terms of adherence, 48 of the 104 subjects in 
the intervention group (46.2%, 95% CI: 36.5–55.8%) 
used the games during the month of the study. Only a 
greater number of EBM training hours was associated 
with greater adherence to the educational strategy (OR 

1.11; CI 95% (1.02–1.21) Although the hours of critical 
appraisal were significantly associated with the prob-
ability of not having played even though the magnitude 
of the association was practically negligible (OR 0.98; CI 
95% CI 0.97–0.99). Table 5 shows the factors associated 
with greater adherence.

The usability of the tool was studied in the interven-
tion group. The contributions could be classified along 
three axes: a) Dynamics of the game: the rankings and 
audio aids were valued very positively. In contrast, the 
failure of the timer to stop when the player sought help 
from the tutor was considered a “negative handicap”; 
this was resolved during the first week of the applica-
tion’s use. b) Content of the game: the participants 
considered short, trivia-like formulations that allowed 
greater dynamism in the game to be attractive and 
motivating. c) Operation of the application: During the 
first week, technical problems that hindered access to 
the game were present.

Discussion
Main findings
This paper presents the results of a game-based educa-
tional strategy that shows positive effects on the knowl-
edge and skills on decision-making of family medical 
residents in the short term. Even considering the 

Table 1  Characteristics of the included subjects and comparison between groups

a Mean; SD standard deviation, EBM Evidence-Based Medicine, CPG Clinical Practice Guidelines, R Medicine resident

Total
n = 202

Intervention group
n = 104

Control group
n = 98

p

% or mean(SD)a % or meana

95% CI
% or meana

95% CI

Women 74.75 79.0 69.8 0.168

Agea 30.70 (5.73) 30.23 (5.34 ) 31.10 (6.12) 0.163

Year of residency
  R1 24.75  23.1 27.1 0.153

  R2 32.67 34.6 31.3 

  R3 27.23 31.7 20.1

  R4 15.35 10.6 20.8 

Spanish nationality 89.60 92.3 86.4 0.425

Other speciality 4.95 4.8 5.1 0.923

Hours EBM learninga 7.19 (7.56) 6.75 (6.1) 7.97 (8.80) 0.092

Hours critical readinga 9.63 (10.60) 10.62 (13.24) 8.58 (6.69) 0.087

CPG sessionsa 2.60 (3.29) 2.31 (2.88) 2.90 (3.67) 0.101

R1 rating
  Adequate 69.80 64.40 75.0 0.015

  Outstanding 18.31 17.3 19.8

  Excellent 11.88 18.20 5.2

Basal knowledge test scorea 53.61 (9.58) 53.10 (8.99)                    54.12 (10.15) 0.227
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limitations of this clinical trial, mainly referring to loss 
to follow-up, we can state that the intervention leads to 
a situation of clinical management capacity, measured 
through clinical scenarios, better than that assessed in 
the control group.

The importance of these results can be determined 
from the pragmatic nature of the intervention, the rea-
sonable internal validity and the applicability to a large 
population of medical residents, as evident from the 
inclusion and exclusion criteria of the study, in the con-
text of very scarce evidence on the effectiveness of this 
type of strategy. The results are of a non negligible mag-
nitude, with large effect sizes according to Cohen’s clas-
sification (0.75–0.88) [43] and a magnitude only slightly 
lower than those obtained by other studies that explored 

educational game use in medical students but had designs 
that were much more subject to bias, such as before-after 
studies [20].

Comparison with other studies
Studies that introduced competitive games into medicine 
resident training in general have measured the improve-
ment of knowledge, finding limited or discrepant effects 
over time for different subjects [44], or have focused on 
intermediate results, such as time dedicated to reading 
[45]. However, the greatest problem of these studies is 
not the inconsistency of their results but the inappropri-
ateness of their designs for demonstrating the effect of 
the interventions, as the review by Akl et al. [32] showed.

Table 2  Primary and secondary outcome at one month post intervention

Intervention group
Mean (SD) n()

Control group
Mean (SD) n ()

Unadjusted 
Difference in means
95% CI

Primary outcome
  Score at 1 month Per protocol analysis
  n = 100

53.9 (13.8)
n = 45

42.5 (9,1)
n = 55

11.3
6.8 to 15.9

  Score at 1 month Intention-to-treat analysis
  n = 104

53.7 (9.73)
n = 104

42.70 (6.89)
n = 98

11,0
8,67 to 13,32

Secondary outcome
  Change from baseline score (T1-T0)
  Per protocol analysis

0.5 (17.3) -11.5 (12.4) 11.9
5.9 to 17.95

Table 3  Factors associated with  post-test scores at  one month 
after the intervention

N = 100; link: g(u) = u; F-distribution family (normal); AIC = 7.720

EBM Evidence-Based Medicine, R Medical resident

Coef 95% CI p > z

Intervention vs. control 11.81 5.10 to 18.52 0.001

Women vs. Men -0.80 -3.47 to 1.87 0.559

Age in years 0.01 -0.34- to 0.37 0.938

Year of residency
  R2 vs R1 -0.94 5.83 to 3.95 0.706 -

  R3 vs R1 -0.82 -9.27 to 7.63 0.848

  R4 vs R1 0.711 -4.77 to 6.19 0.799

R1 rating
  Adequate vs Outstanding 4.24 -0.68 to 9.18 0.091

  Excellent vs Outstanding 2.37 -5.48 to 10.22 0.554

Previous another specialty 7.88 -2.64 to 18.39 0.142

EBM tools training hours 0.28 0.15 to 0.42  < 0.001

Critical Appraisal training hours -0.07 -0.33 to 0.18 0.580

Use Clinical Practice Guidelines 
training hours

-0.28 -1.28 to 0.72 0.581

Table 4  Factors associated with the change intrasubject at one 
month after intervention

N = 97; link: g(u) = u; F-distribution family (normal); AIC = 8.206

EBM Evidence-Based Medicine, CPG Clinical Practice Guidelines, R Medicine 
resident

Coef 95% CI p > z

Intervention vs. control 12.04 6.80 to 17.28 0.001

Women vs. men -6.10 -7.76 to -4.44 0.001

Age in years 0.37 0.01 to 0.73 0.044

Year of residency
  R2 vs R1 2.81 -0.26 to 5.90 0.073

  R3 vs R1 -0.06 -11.15 to 11.01 0.991

  R4 vs R1 0.59 -5.91 to 7.09 0.859

R1 rating
  Adequate vs Outstanding 5.25 -2.11 to 12.62 0.162

  Excellent vs Outstanding 3.76 -6.21 to 13.73 0.459

Previous another specialty 3.25 -17.95 to 24.46 0.764

EBM tools training hours 0.13 -0.02 to 0.28 0.081

Critical Appraisal training hours -0.15 -0.37 to 0.08 0.207

Use CPG training hours -0.20 -1.02 to 0.06 0.624
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In that review, the only study with an adequate design for 
evaluating effectiveness was the one by Burke et  al. [33]. 
That study evaluated the effectiveness of an educational 
game for health professionals that was based on a televi-
sion game show (“Family Feud”) and was used as a rein-
forcement technique to try to improve knowledge in the 
field of infectious diseases. The study did not evaluate any 
patient or care process results, as was also the case in our 
study. The study design was factorial, and of the two inter-
ventions tested, the use of the game as a reinforcement 
strategy improved knowledge after a videotape interven-
tion but not after an intervention consisting of a self-study 
module. The reason for this differential effect is not clear. 
The group assigned to the game condition performed bet-
ter on the knowledge test, although the meaning of this 
improvement (an average of one point over a range of 20) 
is not very clear. In our case, the magnitude of the effect 
allows us to discuss the clinical relevance of the result.

Regarding the factors in addition to the intervention 
that were related to an improvement in the outcome, 
the number of hours of EBM training was related to bet-
ter results. The inclusion of EBM training in a curricu-
lum can improve knowledge not only in areas related to 
research [46] but in other areas overarching specialty-
specific performance in certain groups of medical resi-
dents [47]. In Spain, the MFyC training plan places 
special emphasis on training in these tools [48].

Regarding intrasubject change, all of the subjects had 
worse results at the end of the test than at the begin-
ning. There are several factors that can explain this find-
ing, since the tests were the same at both time points, 
although the order of the questions differed. First, in the 

initial session, the students had more time to take the test 
for organizational reasons, which may have allowed them 
to consult sources for answers, a factor that was for-
mally addressed in the post-test evaluation. The change 
in question order and less time may not be the only rea-
sons for the worsening scores over time. Perhaps the 
Hawthorne effect (the improvement in scores when feel-
ing observed) had more weight when the first test was 
announced than later. [49, 50]. Other reason is whether 
the results cannot be explained simply by differences in 
forgetting the information learned in the first session. 
This session presented participants with relevant infor-
mation about the guideline immediately before the first 
test was administered. After one month, when the final 
test was administered, this information would have been 
forgotten in different degrees depending on whether it 
has been retrieved/applied during the interval between 
the two tests. Whereas the game group retrieved it dur-
ing the game, the retrieval, if any, would be less frequent 
in the control group (some participants may even have 
not accessed the material).

Although this finding could imply a criticism of the 
results compared with studies with other designs, this 
is not the case; because this phenomenon occurred in a 
nondifferential manner in both the intervention and con-
trol groups, it cannot be assumed to contribute to the 
magnitude of the difference that was found. The results 
are consistent with those of previous studies when the 
differences in the means of the intrasubject changes are 
evaluated, since they are also explained by the hours of 
previous EBM training (although in this case, the signifi-
cance was marginal, p = 0.081) and by age and gender. 
For each year of increase in age, the differences between 
the final and initial results increased by an average of 0.36 
points. Although there is evidence that knowledge/skills 
decay across professional life, this decrease seems to be 
especially significant starting at 15  years of professional 
practice but not in the context of specialization[51, 52], 
moreover would not apply in the context of a one-month 
study neither, in this case during the post-graduate train-
ing period, the oldest age is usually that of medicine resi-
dents in their final years of specialisation.

Women presented a negative intrasubject change of a 
greater magnitude. This difference found between men 
and women should be further investigated but it cannot 
be attributed to the game itself (since the change intrasu-
bject is already adjusted by receiving the intervention). 
Still we would like to reflect on the importance of taking 
into account gender and use of games related to type of 
game, time playing or previous experience, when design-
ing learning strategies based on gamification. There is 
debate regarding the role of gender in the use of games, 
and it is considered that men tend to play games more 

Table 5  Factors associated with the adherence to educational 
games in the intervention group

N = 104; Link: g(u) = logit (u); F-Distribution family (Binomial); AIC = 1.323

EBM Evidence-Based Medicine, CPG Clinical Practice Guidelines, R Medicine 
resident

Odds ratio 95% CI p > z

Women vs. men 1.19 0.66–2.16 0.557

Age in years 0.98 0.90–1.07 0.629

Year of residency
  R2 vs R1 0.73 0.27–1.98 0.538

  R3 vs R1 1.22 0.46–3.19 0.688

  R4 vs R1 0.47 0.02–12.43 0.651

R1 rating
  Adequate vs Outstanding 1.26 0.60–2.66 0.539

  Excellent vs Outstanding 1.49 0.44–5.04 0.518

Previous another specialty 1.43 0.31–6.55 0.645

EBM tools training hours 1.11 1.02–1.21 0.017

Critical Appraisal training hours 0.98 0.97–0.99 0.000

Use CPG training hours 0.84 0.57–1.23 0.372
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often, and that men and women have significantly dif-
ferent attitudes towards video games favour males [53, 
54]. However, some studies conclude that games can 
be equally effective and motivating for both men and 
women, suggesting that the impact of gender on accept-
ance tends to disappear during the implementation phase 
[55]; furthermore, men and women agreed that they 
would be more likely to use multiplayer.

Strengths and limitations
As in all pragmatic designs, we sought to achieve a bal-
ance between the generalizability of the results (external 
validity) and their reliability or accuracy (internal valid-
ity) [56]. We tried to minimize systematic bias, which 
compromises internal validity, through the random 
assignment of groups, blinding of the random assign-
ment of the teachers of the first session and systematized 
collection of the results.

One of the greatest limitations is related to dropout 
near to the 50% To analyze its possible impact we per-
formed complementary analyses. Baseline characteris-
tics were compared between control and intervention 
group and we didn’t found differences and we analyzed 
the potential effect of the differential distribution of the 
confounding factors (when participants who are lost dif-
fer in some way from those who are not, which did not 
seem to be the case in the present study) and show an 
intervention effect of a magnitude very similar to that 
of the differences in crude means and the intention-to-
treat and per-protocol analysis. The differences in intra-
subject change also offered consistent results. These 
circumstances, without providing any absolute guarantee 
by themselves, allow us to be confident in the quality of 
the evidence obtained, which is also assured by the use 
of a solid design as a pragmatic clinical trial, but it should 
certainly make us very cautious in our conclusions.

The study was conducted according to the standards of 
pragmatic clinical trials, so it was not possible to check of 
the extent to which participants in the control group had 
actually studied the guide, or if they read only the guide 
in the beginning but were no longer exposed to the infor-
mation whereas the intervention group was by engaging 
with the game throughout the month. This could possi-
bility that it is not the approach (game vs reading mate-
rial) per se but simply the amount of exposure to the 
to-be-learned material that accounts for the difference.

The measurement tool used to evaluate competence in 
our study, although it referred to “pure” knowledge, was 
formulated in such a way that it required the integra-
tion of this knowledge in the way in which it is applied 
to decision-making in clinical practice. According to the 
sequence of levels to evaluate the training programmes 
proposed by Kirkpatrick et  al., who propose four levels 

[41], our tool evaluated knowledge, but its formulation 
required that these be integrated in a way that allowed 
immediate decision making. In addition, the evalua-
tion took place in a context of simulated clinical prac-
tice, so that, even at level 2, it tried to approach level 3 
by addressing the capacity to transfer this knowledge to 
decision-making in clinical practice (in addition to being 
measured outside the context of educational activity).

Regarding the generalizability of the results, it cannot 
be assumed that the family medicine residents who were 
included in the study are representative of all family medi-
cine residents in the Community of Madrid, but it can be 
said that the included sample has an age and gender distri-
bution similar to that of all medicine residents in this spe-
cialty in Madrid and that the distribution among all years 
of residence was representative. In addition, the sample 
included subjects with different qualifications, and the 
number of training hours was consistent with the comple-
mentary training programmes for medicine residents in 
this specialty [48], which reinforces essential skills that are 
of special interest in training and research [57].

It is worth asking whether the ability to recruit medi-
cine residents, which is striking in some TUs, can be 
related to some specific characteristics. It is necessary 
to point out that some TU directors were involved in 
the research project, which may have been associated 
with an increased recruitment capacity. However, to 
ensure that this situation did not bias the results, we 
decided to randomize pairs of TUs according to their 
number of participating medical residents; thus, the 
proportion of participants from each TU was cor-
rected with randomization. Losses were not pro-
portionally equal for all TUs at follow-up, but these 
differences were on the verge of statistical significance. 
That is, circumstances suggested that there was greater 
recruitment than would be expected from voluntary 
participation, although this does not represent a limita-
tion in internal validity.

Another factor to consider is the reproducibility of the 
evaluated strategy. A pragmatic design is associated with 
a greater capacity for extrapolation in general because it 
tests strategies instead of simple interventions [58]. The 
strategy is simple once the game is designed. Although 
adherence was quite limited in the present study, this 
may be because there was no incentive for use other than 
intrinsic motivation. If this strategy were to be incorpo-
rated into the usual teaching practice in the TUs, it would 
be accompanied by additional incentives; in fact, incor-
poration into the training programme in and of itself 
would be an incentive because in that case, the use of 
the strategy would be mandatory and essential to receiv-
ing a positive evaluation. In fact, when experiments with 
educational games have been carried out in academic 
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environments (in which the student is evaluated both as a 
study participant and academically), adherence rates are 
substantially higher [20]. However, the greatest incentive 
for adhering to a game strategy is motivation to play the 
game, sometimes accompanied by competitiveness [29]. 
A motivating element of other experiences that was not 
incorporated into this strategy, is the possibility of com-
peting as part of a group [26, 29].

The usability problems that were outlined can be easily 
addressed in later versions of the game. This type of game 
is highly accessible; it can be accessed with a smartphone, 
which addresses the potential lack of accessibility that 
has been reported in other studies [29]. At present, tech-
nology has a key role in training processes, and this role 
has been expanded in the context of the pandemic. The 
traditional strategies that have been used in the attempt 
to improve medicine residents’ use of CPGs on medical 
residents have had limited effects.

Studies such as the one presented here present new 
avenues of educational innovation that deserve to at least 
be explored and evaluated beyond the proposed experi-
mental framework. There are two initial factors that, 
considering the results, should be addressed in future 
research. One is usability; a regulated evaluation must 
be carried out since the challenge of educational game 
design is to develop solutions that attract players and, in 
turn, are educationally effective [59]. For future studies, it 
would be advisable to include other tools to evaluate usa-
bility. At the time when we developed the game and car-
ried out the study, the methodological proposals for its 
evaluation were more limited than those currently being 
developed.

Another relevant issue is the durability of the effect 
over time. The study presents the results of an evaluation 
at one month, a period that some authors have recom-
mended for assessing results; however, it is known that 
gains in knowledge and skill acquisition present a con-
stant decline over time, and the objective of training is 
the long-term maintenance of benefits. In addition, there 
are differential losses in knowledge over time between 
traditional training strategies and those based on educa-
tional games (in favour of the former) [19], which makes 
the study of this issue even more relevant.

Conclusions
The game-based educational strategy e-EDUCAGUIA 
showed positive effects on the knowledge about anti-
microbial therapy for clinical decision-making in fam-
ily medical residents in the short term, but the dropout 
was high and results should be interpreted with caution. 
Adherence to educational games in the absence of spe-
cific incentives was moderate.

Having received more hours of EBM training was the 
only factor associated with better results one month after 
the intervention. At the individual level (intrasubject 
change), increasing age improved the results of the inter-
vention, while being a woman was associated with worse 
results.

Currently, medical students and young physicians have 
grown up with a level of technological literacy that was 
unthinkable just two decades ago. Educational providers 
in health care should take this into account when pro-
moting undergraduate and graduate education, as well 
as continuing professional development. Games could be 
another tool for learning and practice.
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