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Abstract

Objective

Competitive learning techniques are being successfully used in courses of different disci-
plines. However, there is still a significant gap in analyzing their effects in medical students
competing individually. The authors conducted this study to assess the effectiveness of the
use of a competitive learning tool on the academic achievement and satisfaction of medical
students.

Methods

The authors collected data from a Human Immunology course in medical students (n = 285)
and conducted a nonrandomized (quasi-experimental) control group pretest-posttest
design. They used the Mann-Whitney U-test to measure the strength of the association
between two variables and to compare the two student groups.

Results

The improvement and academic outcomes of the experimental group students were signifi-
cantly higher than those of the control group students. The students using the competitive
learning tool had better academic performance, and they were satisfied with this type of
learning. The study, however, had some limitations. The authors did not make a random
assignment to the control and experimental groups and the groups were not completely
homogenous.

Conclusion

The use of competitive learning techniques motivates medical students, improves their aca-
demic outcomes and may foster the cooperation among students and provide a pleasant
classroom environment. The authors are planning further studies with a more complete
evaluation of cognitive learning styles or incorporating chronometry as well as team-
competition.

PLOS ONE | https://doi.org/10.1371/journal.pone.0194096 March 8,2018

1/12


https://doi.org/10.1371/journal.pone.0194096
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0194096&domain=pdf&date_stamp=2018-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0194096&domain=pdf&date_stamp=2018-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0194096&domain=pdf&date_stamp=2018-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0194096&domain=pdf&date_stamp=2018-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0194096&domain=pdf&date_stamp=2018-03-08
http://crossmark.crossref.org/dialog/?doi=10.1371/journal.pone.0194096&domain=pdf&date_stamp=2018-03-08
https://doi.org/10.1371/journal.pone.0194096
https://doi.org/10.1371/journal.pone.0194096
http://creativecommons.org/licenses/by/4.0/
https://doi.org/10.17026/dans-zq9-2sh7
https://doi.org/10.17026/dans-zq9-2sh7

@° PLOS | ONE

Competitive learning tools on medical students

Introduction

In the last years, medical education has adopted active learning models to a progressive adapta-
tion to the requirements of the Bologna Process. The current scenario of extensive use of com-
puters and the Internet has created opportunities to improve education by applying different
e-learning techniques in courses [1, 2]. Consequently, blended learning is replacing traditional
face-to-face education and learning spaces (both virtual and physical) are being redesigned to
support emerging strategies such as flipped classroom or gamification. In this context, moti-
vating students to participate actively is just as important as improving their academic out-
comes. Therefore, teachers need to understand the new available e-learning methods to apply
them creatively and effectively [3].

There are a variety of learning strategies that can be introduced to engage students and to
promote their critical thinking and deeper understanding. The effectiveness of methods such
as cooperative learning, Problem-Based Learning (PBL) or Case-Based Learning (CBL) has
been widely studied. CBL has been used in different medical schools as an alternative to tradi-
tional education with the aim of students to collaborate in small groups [4, 5]. Moreover, there
are many studies that analyze the effectiveness of PBL in medical education. Dochy et al. [6]
conducted a meta-analysis with forty-three articles whose results showed that there is a posi-
tive effect on students’ skills but not on knowledge acquisition, which is agreed with the review
of the literature done by Colliver [7]. This study revealed that there is not convincing evidence
about the improvement of knowledge and clinical performance with the use of PBL. In any
case, Albanese and Mitchell [8] have stated that “even if knowledge acquisition and clinical
skills are not improved by PBL, enhancing the work environment for students and faculty is a
worthwhile goal in and of itself”. This is consistent with the finding that PBL provides a more
enjoyable and motivating educational process for both students and faculty than traditional
classes [9].

Like cooperative learning, competitive learning is another effective method to increase stu-
dents’ motivation and satisfaction as well as to improve their learning achievements [10, 11].
Competitive learning has characteristics that lead to a greater engagement of students by
arousing their competitive instincts [12]. Furthermore, according to the study done by Lempp
[13], competitiveness is a characteristic of medical environment and schools. Competitive
learning was usually associated with the traditional classroom and students’ competitive
behavior, being object of a lot of criticism [14]. Nowadays, although the subject of much debate
remains, competitive learning is becoming a powerful tool for blended and on-line learning
environments, with digital or computer-based games as the best example. Even those research-
ers who had shown that competition had no effect on the students’ motivation, found relation
between competition and student’s post-experimental perceived competence, interest and task
value [15].

Competitive learning has been applied and analyzed in different disciplines [15, 16] and
educational levels [17, 18]. There are also some studies about its use in medical schools. For
example, Lei et al. [19] analyzed the effectiveness of introducing competition in a cooperative
learning environment, based on CBL. The experiment was deployed in a clinical course about
severe infection with 71 students. They observed that introducing team-competition improved
the effectiveness of the teaching. The students with competition had better performance than
the students only with CBL. On the other hand, Janssen et al. [20] assessed the perceived value
by students of anatomy through surveys and semi-structured interviews with sixteen voluntary
students. The students indicated that they particularly enjoyed the competitive aspect of the
game. These studies had some limitations. Lei et al. [19] introduced an award in the competi-
tion mode to improve the teaching efficacy. Although they stated that the winners were more
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motivated by the sense of achievements than by the award, there was no evidence of that. The
improvement in performance could not be a direct consequence of the competitive learning.
Janssen et al. [20] carried out an experiment with very few students. Besides, they connected
the engagement of students especially with the work in teams, more than with the competition
itself, although a summative effect of both motivations could not be ruled out.

We can see other interesting findings in the study of Van Nulan et al. [21]. They assessed
the effects of anonymous on-line competition on the academic performance of anatomical stu-
dents. They found that the students who participated in an online tournament achieved higher
performance than their noncompeting peers. They also demonstrated positive results about
motivation and engagement. However, their research had some important limitations: partici-
pant attrition and selection bias. Although they recruited 67 voluntary students at the begin-
ning of the experiment for participating in the game, more than half abandoned it. In fact, all
the students who abandoned the game were assigned post-hoc to the control group. They did
not neutralize this critical selection bias by assessing cognitive learning style preferences or
learning anxiety, for example.

In summary, there is still a significant gap in analyzing the effects of on-line competitive
learning in courses with a high number of students competing individually.

Therefore, the purpose of this study was to examine the use of a competitive learning meth-
odology in an immunology course to assess both the effectiveness and the students’ satisfaction
level with this type of learning, as well as the relationship between them. As we will describe
later, the competitive tool applied in this experience integrates some interesting scoring and
timing aspects, which are not present in the tools used in the previous studies reported above
[19-21]. This combination is a better measurement of performance in those medical tasks in
which the response time is so important [22].

The two hypotheses of the research were the following:

H1. The final grading scores of the students who use the competitive learning tool are higher
than those of the students who do not use it.

H2. The students who use the competitive learning tool improve more their score than the stu-
dents who do not use it.

Methods

Selection and description of participants

We implemented a quasi-experimental control group pretest-posttest design in a course of
Human Immunology given at the Medical School of the University of Valladolid (Spain). This
is a compulsory subject in the second year of the Degree in Medicine. The population con-
sisted of 285 students, 71 men (24.91%) and 214 women (75.09%), with an average age of 19.94
years. All students were over 18 years of age and gave their verbal consent to participate in this
study. Their anonymity was always preserved in the study by removing all personal identifiers
from the data. As it is standard in socio-economic experiments, no ethic concerns were
involved other than preserving the anonymity of participants. Moreover, we did not collect
any sensitive data such as racial origin, religious beliefs or data concerning health (according
to the Spanish Law for Personal Data Protection).

We wanted to analyze the students’ academic outcomes to study the effect of a competitive
learning strategy on medical students. Therefore, we should establish experimental and control
groups. However, the teacher decided not to divide their students randomly into two groups,
because he felt it to be unfair for those students falling in the control group, and a completely
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randomized design was not possible. Therefore, the students chose if they would like to follow
the itinerary A (control group) or the itinerary B (experimental group), where a competitive
learning methodology would be used.

Finally, since we did not establish the groups randomly, we needed to verify that the two
groups were similar and that they were not significantly different in other relevant aspects.
Then, we did several previous studies based on the test of independence to check if factors
such as the knowledge level or learning style had affected to the formation of the groups and
thus, they could influence the results obtained.

Competitive learning tool and strategy

We conducted the study by using a competitive e-learning tool called QUESTOURnament.
This tool is a Moodle module that allows teachers to organize contests. Each contest includes a
set of intellectual challenges or questions that students must solve in a time-constrained way.
Students obtain points both by answering the proposed challenges and by submitting new
questions and assessing the answers submitted by their classmates. The answers are scored like
is shown in Fig 1. This variable scoring system depends on the initial score, the maximum
score and the duration of the challenge set by the teacher. Initially, the score lineally increases
until the first correct answer is received and evaluated; once a challenge is correctly answered,
the score starts decreasing so that the student who answers first can get the maximum score
[23].

QUESTOURnament differs from other competitive systems, such as the one used by Van
Nulan et al. [21], in two main aspects:

« The students, besides answering questions, can propose new challenges to be solved by their
peers and assess the received answers.

o Answers are scored according to the variable scoring system described above, instead other
typical scoring systems, in which, for example, a binary correct/incorrect is combined with
additional points to award the fastest answer [21].

Score A

»

FINISH TIME Time

Fig 1. QUESTOURnament variable scoring system. The figure shows how the score varies. From the initial score, the variable
score lineally increases until the first correct answer (>50%) is received; then, the score starts decreasing until the minimum score
(0 points), which should be reached at the ending time of the challenge.

https://doi.org/10.1371/journal.pone.0194096.9001

PLOS ONE | https://doi.org/10.1371/journal.pone.0194096 March 8,2018 4/12


https://doi.org/10.1371/journal.pone.0194096.g001
https://doi.org/10.1371/journal.pone.0194096

@’PLOS | ONE

Competitive learning tools on medical students

Campus Virtual Va

INMUNOLOGIA HUMANA (META49537-2016)

Acoa perscnal B> INMUNOLOGIA HUMANA (META49537-2016) D Terma 31 B QUEST Temas 145

Avea perscoat
® Inkcio 00! sivo
¥ Pigias del sto
» Miperti
¥ Curso actue
P INMUNOLOGIA HUMANA (META49537-2016)
¥ Mis Cursos Uva
» CURSO 201672017
® Todos ks cursos

ADMINISTRACION
v Agmastrator
& Corar sustes

» Admin logs

P Acministracén ol curso
» Cambarrola

P Austes o8 mi pertl

List of
Challenges

o . .
£ quesT Tomas 105 General information of contest

Fase de QUESTOURnament: Concurso Cerrado
Fecha de Comienzo: lres, 5 Ge saptiembes de 2016, 10:00 )
Fecha de clerre: martee, 31 G enero o6 2017, 23:55 (168 ¢
NUMero Maumo ce Respuestas <0

N" Méximo de Componentes por EQuipo. 4

roras)

Formutanc de Musstra G Valoracion para 108 Dou!otwé

CORELL

UZARA, ALFREDO | |

YA
1A
DD

Assesment forms for
challenges and answers

de Muestra de o las H H
e @ Updated five-top Ranking
Descripcidn Clasificacién Students’
£n este concureo (QUEST) tanto el profescr como 18 SUMnos propondedn praguntas [DESATIOS) basados en preguntas sencillas,
opckén mdttiple (5 0pciones). bimquedas de Ncmacion en internet, retos Més COMPIBIR (COMO Crucigramas), ete. ] score
Las calfcacionss Que 50 0DMerQan Hrovieren o8 Uswario Puntuacion
1. HESOoNOEr @ 0038708 (Dregurtas) DrODUEsI0s. _ - 1,132.68206
2. Proponer desafios: en e3te Caso 30 asume & responsabidad 00 COMegr CACE POCOS Jias B3 NESPUESIAS 08 O3 COMPANeros (con ) -
supenisén de orofesort £ graco de proparacde cel Besal o y la compliedac e s corpccdn rfurin en a calfcacén
Cuando e conteste de MOCO INCOMRCIO”, 8N Ia CoMeccidn Mabel que explicar en que consiste el eror, 1.091.6827
HAY QUE JUSTIFICAR TE" LA (en ol caso de
1,085.1078
- - 1,012.1978
p - - 9168030
Ver Clasificecién
Game Start Finish Variable
Mi Sitio () / Gestién de Equipos @ / Concurso Cemaso® /‘Author state time time scqre
N* Resp.(Comrect) Fecha de Feocha de
Tituo Nombre / Apeliico Fase (St Eval) Comwnzo Clorred Puntuacion
SOPA DE LETHAS ORGANOS LINFOIDES Evalado. Desafio 28 (22 1) ons 181016
SECUNDARIOS® X Cerraco 0850 1950
SOPA DE LETRAS® X Evahado, Cesafio 3339 10} 41016 181016
Cermaco 08:00 21:00
ICRUCIGRAMAS X Cvakado. Cesafio 7@m aone 1801016
Cemaco 0815 2218
Pigiea web de ITAM, MM X Cvakado. Deeafio 2121 10 snone 2010/16
Cemaco 1425 1425

Fig 2. The QUESTOURnament tool in the Human Immunology course. The QUESTOURnament system permanently displays both an updated five-top
ranking and the list of questions with their details (times, current score and game state-open or closed). General information and detailed description of the
contest is also displayed as well as links to the assessment forms for challenges and answers.

https://doi.org/10.1371/journal.pone.0194096.9002

The QUESTOURnament system permanently displays both an updated five-top ranking
and the variable score of questions (see Fig 2), resulting in a dynamic environment that tries to

promote students’ motivation and participation.

In this context, we organized the experience (itinerary B) according to the following

aspects:

o Use of an organized e-learning course inserted in a Moodle-based virtual campus.

« The contests were individual and non-anonymous.

o There were four QUESTOURnament contests during the semester. Each student in the “itin-
erary B” should participate in at least two of the tournaments by means of:

« proposing at least four challenges (two in each contest) and evaluating the answers given

by their classmates, with teacher supervision.

« answering to at least eight challenges proposed by other students.

« The challenges were diverse: multiple-choice questions, simple questions, Internet search
queries, elaborate questions (such as crossword puzzles, word searches, etc.)

o The challenges lasted for fifteen days.
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The teacher evaluated all challenges proposed by students according to an assessment form
known by students at the time of proposing their challenges. The assessment criteria grid was
simple. The challenges were evaluated in terms of their relevance to the Human Immunology
topic (weighting factor of 2/7), the unambiguous redaction (weighting factor of 1/7) and,
finally, in terms of creativity (weighting factor of 4/7). The weighted grades pursued to reward
the most time-consuming and creative challenges.

On the other hand, there was also an assessment form for the answers, with two elements:
correct or incorrect answer (weighting factor of 1/3) and quality of answer (weighting factor of
2/3). Students could also enter the scores manually as percentages (out of 100 points).

This learning strategy was very time consuming for the teacher. On the one hand, there was
an initial practice session where students learn how to propose and assess a challenge with the
QUESTOURnament tool. On the other hand, the teacher had to supervise, approve, refine and
evaluate all the challenges proposed by the students; this could take about 5-10 minutes each
(depending on the complexity of the proposal). Afterwards, the assessments of answers were
done by the students. The teacher did not reevaluate these assessments, unless a problem was
reported by any disappointed student (which happened very few times in this experiment,
approximately one in 100).

The students of itinerary A followed the traditional class. They were free to use the Virtual
Campus (where slides and notes were available), while the students of itinerary B compulsorily
had to use it combined with the competitive learning tool QUESTOURnament. The grade
obtained by students of itinerary B in QUESTOURnament activities supposed a minimum
effect in the students’ final score, since it only accounted for 5% of the final score.

Methodology and instruments

We used SPSS Statistics 20 for statistical analysis, employing the Mann-Whitney U-test for
paired comparisons to measure the strength of the association between two variables.
We used two instruments in this study:

1. the students’ final grades in the target course (post-test) and in three different and previous
courses (pre-test), which measured the knowledge level (on a scale of 10). To verify the
effectiveness of competitive learning, this quasi-experimental study design combined the
grade obtained in the immunology course with the mark obtained in three courses of the
previous year (the first year of the degree). These three courses (Biochemistry, Genetics and
Cellular Biology) are directly related to the Human Immunology course, because a deep
knowledge of the three is considered necessary to understand the biochemical, cellular and
genetic peculiarities of the immune system. Therefore, we considered them suitable as pre-
tests for the quasi-experiment design.

2. asurvey, which measured the students’ satisfaction and collected other interesting stu-
dents’ data (S1 Appendix). The first part of the survey was a questionnaire about the
students’ age and gender, learning style (independent, competitive, collaborative and con-
tributory), level of class attendance and if they define themselves as hard-workers. The
second part was a ten-item survey based on the method developed by Bures et al. [24],
which measures students’ satisfaction and motivation in e-learning environments. It pro-
vides the students with a five-score Likert-type scale, which ranges from “Strongly Dis-
agree” to “Strongly Agree” (1 to 5, respectively). The students’ satisfaction total score,
generated by summing up all the scores, can range from 10 (very low satisfaction level) to
50 (very high satisfaction level).
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Table 1. Students’ data.

Experimental group (n =172) Control group (n=113)
Sex Women 125 89
Men 47 24
Age <19 years 1 1
19-20 years 129 102
21-22 years 28
>23 years 14
Profile Competitive 14
Collaborative 85 37
Independent 99 71
Contributive 35 24

https://doi.org/10.1371/journal.pone.0194096.t001

Results

Firstly, given that distribution of groups was not random, we needed to verify that the distribu-
tion of the two groups did not influence the results. Table 1 shows the students’ general data.
We observed that the proportion of men enrolling within the itinerary B was slightly higher
than among women (58% of women versus 66% of men). This observation was concordant to
Chaput de Saintonge and Dunn [25], who established that men feel more motivated than
women with competitive learning environments. Moreover, the students defined themselves
as low competitive. Budakoglu et al. [26] and Grasha [27] supported this observation. They
also found that competitive learning style scores were lower than other styles.

We considered important to analyze if the two groups were not significantly different in
other relevant aspects (level of prior knowledge, class attendance style or self-awareness as
hard-workers). According to data of Table 2, we established the following results:

o The students of the experimental group had not the best scores in previous courses. Our
results showed that the students of the control group had a slightly higher previous knowl-
edge level in Biochemistry, Genetics and Cellular Biology, and moreover, this difference was
significant (p < 0.005). Although we were trying to demonstrate the homogeneity of the two
groups, this result was not a hindrance for studying the effects of the competitive strategy,
since the students who followed it had a worse previous knowledge level (and thus, this dif-
ference was working against our assumption that the competitive itinerary students were the
best students).

o The students of the experimental group were not the more laborious students. The results
showed that the difference between the two groups was not significant (p > 0.05).

o The students of the experimental group were not who attend classes more. The results
showed that the difference between the two groups was not significant (p > 0.05).

Table 2. Students’ characteristics: Experimental vs. control group.

Control group Experimental group U Mann-Whitney
(n=113) (n=172)
Mean SD Mean SD U P
Knowledge level 5.82 1.85 5.28 1.93 -2.912 0.004"
Hard-working level 6.10 2.04 5.98 2.20 -0.234 0.407
Class attendance level 8.17 2.81 8.21 2.87 -0.504 0.307

* Results are significantly different at p < 0.005.

https://doi.org/10.1371/journal.pone.0194096.t002
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Table 3. Score grades and improvement: Experimental vs. control group.

Control group Experimental group U Mann-Whitney
(n=113) (n=172)
Mean SD Mean SD U P
Score grades 8.13 1.77 8.68 0.81 -3.180 0.001*
Improvement 2.31 1.98 3.40 1.76 -4.953 0.000"

* Results are significantly different at p < 0.001.

https://doi.org/10.1371/journal.pone.0194096.t003

Once validated the formation of the experimental and control groups, we analyzed the stu-
dents’ outcomes using the Mann-Whitney U-test to validate the two research hypotheses. The
results, presented in Table 3, showed that the students’ final score grades in Human Immunol-
ogy were significantly different between the two groups (p < 0.001), indicating that the
hypothesis H1 was supported as the outcomes of the experimental group students were signifi-
cantly higher than those of the control group students. Moreover, the improvement obtained
in Human Immunology (when compared to highly related courses grades obtained in the first
year) was significantly different between the two groups (p < 0.001), what could indicate that
the hypothesis H2 was also supported. However, since the students who followed the experi-
mental itinerary had a worse previous knowledge level, their margin of potential improvement
was higher. Therefore, we could not state that the greater improvement was only due to the
use of the competitive system.

Finally, we analyzed the students’ level of satisfaction according to the survey data. A total
of 153 experimental group students completed the survey (about 89%). In general terms, the
students positively evaluated the competitive experience (with an average score of 30.86 out of
50). The students liked learning through the participation in contests and they were motivated
to find information in books or Internet to improve their positions in the ranking (3.22 and
3.59 out of 5, respectively). Moreover, despite the competitive nature of the QUESTOURna-
ment tool, most students (70%) believed that this activity facilitated their relationship with
other students.

On the other hand, using Pearson’s Correlation Coefficient, the results indicated that there
was significant correlation between the students’ level of satisfaction with the competitive
experience and their academic improvement, but this relation was weak (r = 0.292, p < 0.01).

To conclude, we analyzed which itinerary the students would recommend to other stu-
dents. Most of students of the experimental group (88%) would recommend the itinerary B
(competitive learning with the QUESTOURnament system). What was more interesting was
that 54% students that had chosen the itinerary A would recommended the itinerary B due to
the opinions of their classmates and the good atmosphere perceived in class.

Discussion and conclusion

This paper reports on an experiment conducted to study the effects of the use of competitive
learning methods in a medical course. We obtained some interesting conclusions: first, the stu-
dents liked the QUESTOURnament tool since they regarded it as useful, motivating to partici-
pate more actively in their learning process and facilitating the learning and the relationship
with other students.

During the Human Immunology course, the students felt a collaborative ambience within
the classrooms, because they shared or debated about the different challenges. Although,
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medical students tend to be competitive [13, 28], this activity fostered classroom relationships
(according to the data of satisfaction survey).

Moreover, the results of this study indicated that the use of the QUESTOURnament tool
had favorable effects on the students’ academic outcomes. The students who used the tool
obtained better final grades; in addition, the increasing academic improvement was signifi-
cantly higher than that of the control group. As expected, there was a correlation, although
weak, between the students’ satisfaction level with this method and the obtained score. There-
fore, the presented results suggested that the QUESTOURnament tool could support effective
learning strategies based on competition in medical students.

The positive results obtained in this study are in concordance with other similar studies
about the role of competition in medical studies. Learning with competition improves the stu-
dents’ academic results [19, 21, 28] and is considered enjoyable and engaging by them [20].
Thus, our findings are consistent with the previous studies reporting significant improvement
in the competitive learning-driven students’ acquisition of knowledge and a greater satisfac-
tion with the learning process. In addition, our findings report that well-designed competitive
learning activities may foster the cooperation among students and provide a pleasant class-
room environment.

The assayed active learning method-based on the competitive proposal of challenges and
the answering of classmates’ ones—has worked very nicely because it promoted a collaborative
classroom ambience, with the students debating about the correct answers of a given challenge.
The students choosing the experimental group thus, had to study in a daily basis, either to pro-
pose challenges or to answer those proposed by their classmates. This fact could have contrib-
uted to a better grading of this group in Human Immunology, but also in a higher difference
compared to the grades obtained in related courses during the first year of Medicine. There-
fore, competitive strategies can be designed to get a more uniform distribution of knowledge
sessions over time and, therefore, promoting learners’ deep understanding and long-term
retention [29].

Students of the itinerary B (experimental group) followed a learning approach more
according to the model of “constructive alignment” [30]. The learning outcomes of Human
Immunology are divided into two groups or categories: “know” and “know how to do”. Stu-
dents of itinerary B could demonstrate better whether they had achieved the intended learning
outcomes (ILOs), since they faced different assessment methods. They solved, proposed and
evaluated challenges, which might be very different in nature and thus, they could address dif-
ferent ILOs. Besides, each of the four contests corresponded to a different lesson and one crite-
ria to evaluate challenges was their relevance to the topic of the lesson. Therefore, challenges in
the different contests had to be aligned with the ILOs of the lessons. Moreover, they acquired a
deeper learning of the “know how to do” part because, when proposing and solving challenges,
they had to extrapolate which has been learnt to new scenarios.

This study had some limitations too. We did not make a random assignment to the control
and experimental groups; because the two groups are nonequivalent, selection bias may exist.
It is possible that students who volunteered to participate in the competitive itinerary were the
most innately competitive. A more complete evaluation of cognitive learning styles would help
to demonstrate more firmly the validity of the results. Besides, the experimental and control
groups were not completely homogenous as the students in the experimental group had lower
scores in previous courses than the students in the control group. Therefore, the greater
improvement in course grades in the experimental group could be influenced by a lower start-
ing grade and not only by the applied competitive strategy. The students who have a higher ini-
tial level of knowledge have a narrower range of improvement than classmates with a lower
initial level and they may achieve less improvement [31]. Anyway, Shadish et al. [32] establish
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that when the pretest-posttest trend lines of a quasi-experiment cross over, it could be postu-
lated that the posttest mean of the experimental group is amplified because it is easier to
increase when the starting point is lower; however, this one can explain the amplification of an
effect but not the creation of a totally artificial effect. Thus, though that is not the most desir-
able outcome, this pattern shows evidence of the effectiveness of the system within the non-
equivalent groups design [33].

On the other hand, it is extremely difficult to create two homogeneous groups in experi-
mental design, since there may be known factors (age, sex. . .) that can affect outcomes but are
not of primary interest. In fact, a randomized blocks experimental design should have been
made, instead a completely randomized design, in order to guarantee the existence of homoge-
neous groups and reduce noise or variance in the data [34].

Moreover, the non-equivalent groups design is probably the most frequently used design in
social research [34]. For example, Zhang et al. [35] did a meta-analysis about the effectiveness
of problem-based learning in medical courses, where they analyzed 31 studies from 2005 until
2014. They found that only two studies described an appropriate randomization process.

In this study, a randomized experimental design was not done because of ethical issues,
which, as we have already mentioned, generates validity problems. In future studies, we could
minimize this effect with a quasi-experimental design that uses a double pretest or switching
replications. These approaches are less likely to permit causal interpretations of observed asso-
ciations, according to Harris et al. [36], who presented an interesting review of 34 quasi-exper-
imental studies in medical informatics, classifying them into several categories and analyzing
the benefits and limitations of each approach.

Finally, we would like to conduct new future experiments to study the balance between
speed and accuracy when answering the challenges. Pusic el al. [22] have argued that chro-
nometry has been underutilized in the learning of medical procedures, being very useful for
instruction designs as well as for assessment methods. Besides, they have stated that chronom-
etry can increase motivation and therefore maximize learning, but also that it can be danger-
ous if it is wrongly implemented. There is a need to balance accuracy with speed. Our
competitive tool -QUESTOURnament system- allows teachers to define simultaneously scor-
ing and timing parameters to get the desired balance. It gives students feedback about scoring
and timing, increasing the challenge level and enhancing self-regulation of learning [22].
Future experiments would allow us to define different strategies to get the balance between
accuracy and speed according to the learning context, the maturity of the students or their cur-
rent level of knowledge. Moreover, according to results obtained by Lei et al. [19] about team-
competition, we are planning to use it within QUESTOURnament tool, paralleling the com-
petitive learning among groups and the cooperation between students in the same group dur-
ing the Human Immunology course.

Supporting information

S1 Appendix. Survey for measuring student satisfaction and collecting general data.
(PDF)
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