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Abstract

Purpose: The aim of this study was to evaluate an interuniversity competition online to learn radiology held in a 3-D virtual world, the
Second Life metaverse, by analyzing the results of the game and students’ perceptions.

Methods: Medical students voluntarily participated in teams of four, for 6 weeks, successively covering radiologic anatomy and
radiologic semiology of the chest, abdomen, and musculoskeletal. Each week, participants had 4.5 days to study self-learning pre-
sentations and 2.5 days to complete an individual multiple-choice test and a team task, the results of which determined the game’s
ranking. Participants were asked to complete a cognitive-load test, a perception questionnaire, and a postexposure knowledge test.

Results: The competition was repeated for 2 years (editions), in 2020 and 2021. Seventy-five of 102 teams (73.5%) registered
completed the game; 76% of them included third-year students. The average percentage of correct answers in the individual tests and
team tasks was 74.2 £ 15.1 and 71.6 & 14.7 respectively, without significant differences between both competitions. In general, the
experience was valued positively (scores >8 on a 10-point scale). A lower perception score was found in 2021 among students from
universities other than the organizing university, showing a positive correlation with the in-game score.

Conclusions: An interuniversity competition in the Second Life metaverse for undergraduate learning radiology is feasible and
reproducible. Participating medical students considered it interesting and useful and also identified this activity during the 2 years of the

coronavirus disease 2019 pandemic as a playful learning and social interaction experience.
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INTRODUCTION

Collaborative learning is crucial in higher education and provides
vital dynamics in undergraduate medical education [1,2].
Competition and collaboration have a positive effect on
learning by increasing students’ motivation [3,4]. Team-based
initiatives have been penetrating the online teaching of under-
graduate health care students [5], especially after the coronavirus

disease 2019 (COVID-19) pandemic lockdown [6]. Team
learning could improve theoretical and skill scores in radiology
courses and encourage students to learn by themselves,
increasing their interest in learning, team cooperation ability,
and interpersonal communication skills [7].

Gamification applies playful design elements to non-
playful contexts, such as learning and health [8,9], and offers
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Visual Abstract

Team learning and gamification
could improve theoretical and skill
scores in radiology courses.

Can an online inter-university competition held in a virtual world
enhance medical student radiology education?

Inter-university competition
for teams of 4 in
Second Life metaverse

After competition
Participants completed
cognitive load test, perception
survey, and knowledge test

Key Results

‘ 73.5% (75/102) teams

completed the game

4.5 days of

self-learning Average percentage of
presentations scores in individual tests
and 2.5 days of and team tasks:
knowledge 74.2% 74.2+15.1and

and team tasks 71.6 + 14.7 respectively

individual team
tests tests

5@

Competition was
perceived positively

Participants in the competition felt it was useful to reinforcing radiology knowledge

and reinforced a sense of belonging.

immersive attractive experiences to get specific objectives
and learning results [10]. Gamification can play an
important role as a complement to radiology education,
adaptable to the level and learning objectives of both
students [11]. Its
development can take place in the classroom and other

undergraduate and  postgraduate
real-life settings but also through online formats that facil-
itate remote access and user management, including the
metaverse [11], whose teaching potential needs to be
explored [12]. The metaverse, a computer-generated vir-
tual universe, introduced first in the novel Snow Crash [13],
is currently technologically feasible and has a great potential
for social interaction, content creation and sharing, and new
educational experiences in augmented reality, lifelogging,
mirror worlds, and virtual worlds [12]. Virtual worlds are
environments reproduced in the computer screen, where
users can join, move, communicate, and interact through
self-representations called avatars [14]. Second Life (SL),
created in 2003, is the virtual world most used by health
care educators [15-17]. Users can access SL freely through
a computer application in which they can communicate
with others through written chat, voice calls, or notecards
(sendable text files stored in the receiving avatar’s
inventory). Previous educational applications of the SL
metaverse in radiology include the creation of virtual
learning environments with medical students, biomedical
engineering students, family physicians, and radiology
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residents, addressing teaching objectives related to
interpretive [18,19] and noninterpretive [20,21] skills.
League of Rays (LOR) is a competitive online game created
in 2015 for medical students from a single university to learn
radiology in the Medical Master Island, a virtual environment
in SL that reproduces a university campus. Its educational
objective is to provide a gamified complement to the formal
teaching of radiologic anatomy and radiologic semiology. The
first three competitions were individual [22,23], and later, the
rules were modified to participate in teams of four students
[24]. The aim of this study was to develop an interuniversity
team-based competitive game in the SL metaverse, as a
voluntary activity complementary to the formal education
planned in each institution, and to evaluate the results of the
game, the perceptions of the students, and possible differences

among different subgroups of participants.

METHODS

The competition was repeated for 2 years (editions) with
identical rules and structure, from February 20 to April 1,
2020, and from March 8 to April 25, 2021. Two months
before each competition, 57 radiology professors from 31
universities were contacted by email, through personal
contacts of the organizers at the National Society of Radi-
ology and the National Association of University Professors
of Radiology. The project and its background were
explained to them as a method of reinforcing basic
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Fig. 1. Screenshot during various scenes from the game League of Rays. (A) Several avatars in the central esplanade of the
island, in front of the set of three panels with educational content. (B) Participants looking in the gardens for the assigned
individual test. (C) Avatars on floating platforms, performing individual tests. (D) Avatars solving team tasks.

knowledge of anatomy and radiologic semiology. They were
asked to invite those students who were studying radiology
in that academic year to participate voluntarily. The stu-
dents had to form four-person teams and send an email to
the organization, indicating the university of origin, the
name of the team, a logo and a representative color and
designating a captain. Applicants received a guide on the use
of SL and access to the virtual location (see Appendix 1).

Structure and Rules of the Game

The competition had six weekly thematic blocks, covering
radiologic anatomy and semiology of the thorax, abdomen,
and musculoskeletal system. The participants had 4.5 days
to study weekly didactic contents displayed on sets of three
panels with 50-slide presentations, arranged in the central
esplanade of the island. The learning panels were then
removed, and a 2.5-day testing period began (Fig. 1). The
participants had to answer weekly individual test of 15
multiple-choice questions displayed on new slide panels,
sending a notecard to the organization’s avatar. Twelve test
variants were created from a bank of 30 questions for each
weekly block (180 questions in total). Participants were
required to complete weekly team tasks. Those of anatomy
consisted of correctly identifying anatomic structures in 20
radiologic images, and those of semiology, called “normal or
pathologic” (N/P), consisted of correctly identifying 12
normal images and giving the correct diagnosis in 8 path-
ologic images in a set of 20. Participants were unaware of the
N/P ratio. The captain had to send a notecard with the
team’s response. Each incorrect answer subtracted 0.25
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points. The sum of points from the four individual tests was
normalized to 10 points and the points from the team tasks
as well, so the maximum weekly score was 20 points (see
Appendix 2 for some examples of questions). All the
contents of the game were elaborated and analyzed by
professors of the organizing university (ORGU) in
previous intrauniversity competitions [22-24].

Leaderboards were published after each stage, catego-
rized according to radiologic densities: metal, calcium, wa-
ter, fat, and air. Teams were eliminated if they did not
submit results 2 weeks in a row or if they voluntarily left the
game. The three winning teams in each edition received
prizes consisting of radiology books and T-shirts.

Evaluation
After the third week, the participants were surveyed about the
cognitive load, using a notecard, answering how much mental
effort it cost them to manage SL, view the educational pre-
sentations, and performing the weekly tests, on a 9-point
Likert-type scale developed by Paas and van Merriénboer
[25]. Fifteen days after finishing the game, a synchronous
wrap-up meeting was held in SL to summarize the develop-
ment of the game, during which the 180 questions of the
individual tests were reviewed, using 60 questions (10 ran-
domized per week) to do a postexposure knowledge test.
Participants were asked to complete an anonymous
perception questionnaire, slightly modified from previous
studies [22-24] (see Appendix 3), consisting of 25 items to
be answered on a 5-point Likert-type scale (7 about the
virtual world, 8 about the game, 4 about the educational
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Table 1. Correct answers in individual tests and team tasks during the interuniversity competition

Individual Tests*

Team Tasks'

2020 2021 P 2020 2021 P
Anatomy 79.7 £ 18.6 794+ 174 0.801 64.3 +22.5 69.4 + 17.6 0.044
Stage 1: thoracic anatomy 66.3 + 18.3 69.3 + 17.2 0.120 57.1 +£21.7 67.1 +£ 15.8 0.013
Stage 2: abdominal anatomy 86.3 + 15.7 804 £ 15.0 0.002 77.5 £ 15.1 743 £15.0 0.348
Stage 3: MSK anatomy 883+ 123 89.4 + 13.3 0.467 594 + 243 66.6 + 20.8 0.152
Semiology 70.0 £+ 20.8 729 £ 19.0 0.034 715 £ 19.6 76.4 £+ 16.1 0.048
Stage 4: thoracic semiology 67.3 £ 224 69.7 £ 21.0 0.337 62.8 £ 20.0 69.7 £ 18.3 0.125
Stage 5: abdominal semiology 74.1 £ 20.3 79.2 +£17.5 0.024 755+ 17.2 81.0 £ 137 0.139
Stage 6: MSK semiology 68.6 + 18.9 70.1 £ 16.5 0.480 77.0 £ 18.7 789 + 13.6 0.630
Total 75.2 +20.2 76.5 + 184 0.148 67.7 £ 215 725+ 173 0.007

Note: Data are expressed as mean + SD. MSK = musculoskeletal.
*Percentage calculated on 15 questions of each test.

Percentage calculated on 20 questions of each task. The calculations include all the tests and tasks received at each stage.

presentations, and 6 about the tests) and 12 items to score
between 1 and 10 points. Finally, there were two spaces for
open comments on the impact of the COVID-19 lockdown
on their participation and for any additional comments. In
both editions the same didactic contents, tests and ques-
tionnaires were maintained. The data from the question-
naires were anonymized in accordance with current data
protection laws. This study received the approval of the
ethics committee of experimentation of the University of
Malaga (decision number 138-2022-H, January 18, 2023).

Data Analysis

Data were organized in an Excel 365 spreadsheet (Micro-
soft) and statistically analyzed using SPSS version 24 (IBM).
The numeric results of the game are considered continuous
variables and those of the questionnaires ordinal variables,
which are presented as mean £ SD. The Mann-Whitney U
test and Student’s # test were applied to compare ordinal
and continuous variables, respectively. The correlation be-
tween the finalist teams scores and the average of their
perception questionnaires answers was analyzed using the
Pearson correlation coefficient (>30 teams) or Spearman
correlation coefficient (<30 teams). Statistical signification
was established at P < .05. Open comments were classified
through collaborative systematic coding by group consensus
agreement (T.R.-S., RL.-A., and F.S.-P.) on the basis of
their content [26]. Comments about the impact of
COVID-19 were classified using single-layer coding and
additional open comments in two hierarchical layers.

RESULTS

Development of the Game
Three hundred students from 20 universities of 408 regis-
tered in both editions finished the competition, 128 from
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the ORGU and 172 form other universities (OTHU). As
radiology is taught in different years, depending on the
university, they were distributed as follows: 228 (76%) from
the third year, 36 (12%) from the fifth year, 20 (7%) from
the fourth year, and 16 (5%) from the second year. Twenty-
eight teams finished the game in 2020 and 47 in 2021
(Supplementary Material, Fig. S1). The lowest proportion of
correct answers was found in thoracic anatomy and
semiology (Table 1). The winning teams, both including
third-year students, reached 105.96 and 109.59 points in
2020 and 2021, respectively. The finalist teams exceeded
50% of the maximum score in 2020 and 2021, by 79% and
87%, respectively. The descriptive statistics of their results is
shown in the Supplementary Material (Table S1). No
significant differences were found between 2020 and 2021
teams. Although the second-year and fourth-year teams
obtained lower average results, they did not show significant
differences because of the small number of teams from
courses other than third.

Ninety-five participants (57.9%) answered the cognitive-
load questionnaire in 2020 and 84 (51.2%) in 2021. On a
Likert-type scale ranging from 1 to 9, the mental effort required
was considered low to moderate (3.6 & 1.8 and 3.7 & 2.0) to
manage SL, moderate (4.3 & 1.8 and 4.3 £ 2.0) to read the
educational presentations, and moderate to high (6.1 1.3 and
6.3 £ 1.4) to conduct the weekly tests. There were no signif-
icant differences between both editions.

At the end of the experience, 50.9% (2020) and 39.4%
(2021), respectively, of the finalists attended the closing
meeting. In the postexposure test, correct answers decreased by
11% in 2020 and 16% in 2021 compared with correct answers
in individual tests during the game. A moderate to low positive
correlation was found between the game score and the post-
exposure test (Pearson correlation coefficients of 0.316 and
0.288).
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Table 2. Student perceptions of different aspects of the experience on a 5-point Likert-type scale*

Perceptions 2020" 20217 pPS
About Second Life
The island environment seemed attractive to you 45+ 0.8 42 +0.9 .034
You move through Second Life with ease, without problems 39+10 3.6+ 1.1 .027
The tasks of creating and managing your avatar were easy 39+ 1.1 34+ 1.2 .001
Your computer meets the requirements to work in Second Life 42 +£1.1 3.7+ 13 .002
without problems
Your Internet connection allows you to work in Second Life without 42 +1.0 39+1.2 .082
problems
Learning radiology in Second Life seems interesting to you 47 +£ 0.5 44 +0.9 .012
Contact with your peers in Second Life is beneficial for your training 44409 42+1.0 141
About League of Rays
The design of the competition seemed correct to you 45+ 0.7 43 +0.9 107
The information about the competition was adequate 4.7 £ 0.5 45 + 0.7 .027
The contents seemed appropriate for your training as a doctor 47 +£ 0.5 45+ 0.7 .019
The contents were too difficult for your current level of knowledge 30+ 1.0 29+ 11 .705
You think that playing in competitive environments you learn better 42 +0.8 41+1.0 614
You worked as a team on this experience 4.8 + 0.6 47 +£0.7 .859
Your participation in the competition was very active 46 + 0.6 43+ 0.9 .019
You would participate in another experience in Second Life in 45+ 0.8 4.0 + 1.1 .003
future courses
Presentations of the different stages
The contents of the presentations were interesting 45+ 0.6 42 +£0.9 .026
The presentations were adequate to the educational objectives 43+ 0.7 42 +£0.9 .605
The extension of the contents was adequate 43+ 0.7 40+0.9 .012
| was able to follow the presentations with ease 42 +0.8 40+1.0 314
Evaluations of the different stages
The evaluations were interesting 4.4 + 0.6 43 +0.8 475
The questions were appropriate to the educational objectives 43 +0.8 41 +0.8 .070
The response through notecards was adequate 45 + 0.6 44 +0.8 415
| was able to do the assessments with ease 40+09 3.8+ 1.0 174
| did the individual tests as a team, with the help of my classmates 39+ 1.2 3.7+ 13 439
We carry out the team tasks working together 4.7 £ 0.9 47 £ 0.7 477

Note: Data are expressed as mean =+ SD.

*Scale anchors: 1 = totally disagree, 2 = disagree, 3 = neither agree nor disagree, 4 = agree, and 5 = totally agree.
"Number of participants who responded to the questionnaire in 2020: n = 93 (83%).
*Number of participants who responded to the questionnaire in 2021: n = 160 (85.1%).

5P value for the comparison of means using the Mann-Whitney U test.

Evaluation of the Experience

Ninety-three participants (83.0%) took the perception ques-
tionnaire in 2020 and 158 (84.0%) in 2021. There was less
agreement in 2021 than in 2020, significantly, for 9 of 15
statements on the 5-point Likert-type scale about SL and LOR
(Table 2). The participants agreed that learning in SL was
interesting and that the island environment was attractive.
They also agreed that they worked as a team, that playing in
competitive environments is better for learning, and that the
design of the competition was correct, the information
adequate and the content appropriate. The least agreement
was found in the ease of moving in SL and creating and
managing the avatar. It should be noted that 72% to 74%
of the participants agreed that they performed the individual
tests together with their team.

816

The assessment of 1 to 10 points was very positive, with
mean values greater than 8 points for all items, except for
connectivity to SL in 2021 (Fig. 2). The project
organization and the teacher received the highest marks.
The items with the lowest score were the evaluations of
the N/P tests and the connectivity to SL. Participants gave
significantly lower scores in 2021 than in 2020 on 8 of
the 12 items evaluated.

In 2020, only four of the items to be answered with 1
to 10 points showed significant differences between
ORGU and OTHU students, although OTHU partici-
pants gave scores greater than 8 points on all items
(Supplementary Material, Fig. S2). However, in 2021,
OTHU participants scored significantly lower on all
items, with four items less than 8 points: global
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#2 Organization of the project

#3 Island environment

#4 Educational content

#5 Utility for your training

#6 The teacher

#7 Interaction with peers

#8 Educational presentations

#9 Individual evaluations

#10 Team evaluations (Anatomy)

#11 Team evaluations(N/P)

#12 Connectivity to Second Life
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Fig. 2. Bar chart showing the mean of the rating from 1 to 10 points of 12 aspects of the experience. Error bars represent the
standard deviation. a = significant differences between the two editions; N/P = normal or pathologic.

experience (7.9 £ 1.4), individual evaluations (7.2 + 1.4),
team tasks N/P (7.1 &+ 1.9), and connectivity to SL (6.6 £
2.5). To check whether these differences of opinion were
related to the in-game score, a comparison was made by
successively eliminating the OTHU teams with the lowest
score (Fig. 3). As can be seen, the probability of error (P)
the teams with the lowest

increases as scores are

eliminated until the significant differences disappear. The
correlation matrices confirmed this relationship, showing
significant correlations between the questionnaire score
and experience ratings in the OTHU 2021 group, and
no correlation in the OTHU 2020 group and the
ORGU groups in both editions (Supplementary Material,
Fig. S3).

—#1

1

0.1

0.01

P value — Mann-Whitney U test

—#2

28 27 26 25 24 23 22 21

#3 #4 —#5 —#6

League of Rays 2021

Number of OTHU teams compared
20 19 18 17 16 15 14 13 12 11 10

5 6 7 8 9 10 11 12 13 14 15 16 17 18

19 20 21

Number of OTHU teams excluded from comparison

#7 —#8 —#9 —#10 —#11 —#12 ---0.05

22 23 24 25 26

Fig. 3. Line graph that expresses the values of statistical significance and their modification as the teams with the lowest
scores from other universities (OTHU) are progressively eliminated when comparing them with the teams of the organizing
university. Global rating questions 1 to 10 points. The dashed line marks the Mann-Whitney U test level of statistical sig-

nificance (P = .05).
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Table 3. Thematic codification of the open-ended additional comments included in the questionnaire

Codes and Subcodes

Positive

Appreciation: Additionally expressed with terms such as | liked,
interesting, attractive, gratifying, enjoyable, positive, very
cool, fantastic.

Usefulness: Indicating that the experience was useful for
learning, profitable, helpful, formative.

Fun: Playful, entertaining, expressing that you learn by playing.

Innovation: Also expressed with terms such as new, original,
unusual, surprising, creative, different.

Contact between students: Highlighting the benefit of virtual
contact between participants.

Negative

Informatic requirements: Expressing technical problems to run SL
properly because of the computer or the Internet connection.

Cognitive load (LOR): Indicating that he difficulty of the game
was high, even stressful.

Cognitive load (SL): Referring to a high difficulty of operating in
SL. They feel that they are not used to or do not handle the
interface well.

Presentations: They indicate that educational presentations
should have more information, or are not of good quality.
Individual TEST: They indicate that the individual tests were too

long or did not fit with the learning presentations.

N/P team tasks: They felt that these team tasks were too long or
repetitive.

Information: They pointed out lack of sufficient information
about the game.

Organization: The students sent a complaint to the organization
and did not feel they were responded to.

Suggestions

Correct answers: Students would like to know the correct
answers to the tests during the game.

New initiatives: They proposed other ways to use the SL platform
to learn.

New topics: They proposed to include more cases in the game,
with more modalities, such as ultrasound, breast imaging, etc.

New game rules: Participants suggested including new rules for
the game.

Schedule: Modifications to the current game calendar,
shortening the experience or doing it in different months.
Alternative platform: They proposed using a platform other than
SL to run the game, such as the Moodle Virtual Campus.

N/P team tasks: The student proposed to attach clinical
information to solve the cases.

Teamwork

Positive. The students indicated that they liked spending time
with their team and working together.

Negative. The student indicated collaboration problems with
other team members.

Frequency

2020

(n = 58)

50 (86.2)
40 (69.0)

30 (51.7)

6 (10.3)

2021

(n = 95)
81 (85.2)

66 (69.5)
50 (52.6)

12 (12.6)
22.1)

3(3.1)

Both

(n = 153)
131 (85.6)

106 (69.3)
80 (52.3)

24 (15.7)
5(3.3)

5(3.3)

11(7.2)
3.0
3.0
3.0
5(3.3)

41 (26.8)
11(7.2)

Note: The percentages of codes found in the open comments of the participants is provided in parentheses. LOR = League of Rays; N/P =

normal or pathologic; SL = Second Life,
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Qualitative Data

One hundred eighty-six students commented on the
impact of COVID-19 on their participation. Comments
were classified into 6 thematic codes; 42% reported no
impact, 30% noted benefits of maintaining relationship
with classmates during home confinement, and 29%
indicated that they participated more because of confine-
ment and reduced academic activities (Supplementary
Material, Table S2). One hundred fifty-three participants
provided additional open comments. The first-layer codi-
fication resulted in 131 positive comments, 77 negative, 41
suggestions, and 25 comments about teamwork. The
coding of the second layer and the respective explanations
are shown in Table 3.

DISCUSSION

Previous studies showed that participation in LOR improves
radiology learning in the medium term compared with
students who did not participate in it [22], that the
experience is less accepted when participation s
mandatory [23], and that it can be adapted easily to team
participation [24]. The aim of this study was to verify
how LOR works beyond the local scope of a single
300 students

completed these interuniversity competitions to learn

university. In two consecutive years,
radiology, the first ever held in the metaverse, to our
knowledge. According to the curricula of the different
medical schools in this country, radiology subject is taught
mainly in the third year. In this study, the number of
second-, fourth-, and fifth-year participants is too low to
establish statistical differences in game results. The hit
average in the game tests was high (Supplementary Material,
Table S1), which means that a significant percentage of
students learned during the game. The results of the game
also show some strengths and weaknesses of the radiology
education of the participants. For example, the worst
results were obtained in radiology and thoracic semiology,
as it is an anatomic region that is especially difficult to
interpret.

Cognitive load is defined as the mental effort to perform
a learning task. It can be affected by the intellectual
complexity of the task (intrinsic cognitive load) and the
organization and presentation of information (extraneous
cognitive load) [27]. In radiology education, the cognitive
load depends on what is intended to be learned, how
much is intended to be learned, how the data are
presented to the learner, and whether the information is
new to the learner [28]. The use of virtual worlds in
education can increase the extraneous cognitive load, if the
student requires excessive effort to learn to use the
technology [29]. The cognitive load to manage SL

Journal of the American College of Radiology
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remained at moderate to low averages. However, reading
educational content and taking weekly tests required a
high load,

respectively. On the one hand, game design measures such
y g g

moderate and moderate to cognitive
as self-management of time to read and respond, and care-
ful organization of images and text contributed to reducing
extraneous cognitive load [28]. However, understanding
anatomic structures and relationships requires considerable
intrinsic cognitive load [30-32].

The aim of this study was to establish work synergies
through competition while learning radiology, fostering team
collaboration. Teamwork can develop areas such as collabo-
ration, communication, time management, and sharing of
technological systems [33]. The sense of belonging to a team is
an important factor in creating work dynamics and making
members feel accepted. The identity of the team is
determined by the degree of identification with its
organization [34,35]. In addition, competition with other
teams from the same country can be very motivating, as
other educational competitions with medical students
developed in China [30], the United States [37], and
Canada [38] have shown. The nature of voluntary
participation in the study can prevent students from
becoming disinterested in teamwork [39]. The creation of
teams according to their preferences generally avoids
negative team environments and maintains motivation [40].

The participants highly valued the competition and
stated that they learned during the game, admitting that it
was very useful to reinforce their knowledge of radiology.
The positive opinions of the OTHU students demonstrate
the reproducibility of the experience without a direct aca-
demic link with the game organizers, ruling out proximity
bias [41]. But the lack of this link also favors abandoning
the game or having a different perception depending on
the outcome of the game. The students gave lower scores
in the perception questionnaires in 2021 than in 2020,
mainly because of a lower assessment of the OTHU
students in the 2021 edition, which was correlated with
game scores. The theory of social comparison could
negatively affect losing teams [42], which can cause them
to abandon the game, or equally, it can explain their
worse opinion about the game in 2021. The differences
in perception of the students of OTHU in 2021
compared with 2020 may be because 69% more OTHU
teams completed the game in 2021 (27 vs 16), and these
were two different phases of the pandemic: total
in 2020 and
restricted circulation with blended teaching and some

confinement with great uncertainty
social adaptation in 2021.

The COVID-19 pandemic accelerated the application
of new technologies in learning [43], caused stress for
medical students [44], and reduced doctor-student contact
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[45]. In 2020, LOR seemed to fit well into student
schedules during lockdown. In 2021, learning was
organized with limited hospital internships, few face-to-
face teachings, and many online activities. This habit of
using 2-D online teaching resources made activities in 3-D
environments, such as SL, perceived as different and fun,
with more sense of presence and student engagement with
learning [46]. Nearly a third of the participants found team
play helpful in maintaining virtual relationships and
relieving pandemic-related stress.

One of the limitations of this study, expressed by 8% of
the participants, was the technical problems in running SL,
due to poor Internet connection or insufficient computing
capacity. Another limitation was time, as a larger number
of participants need more time to organize the game.
Although the contents are reused in each edition, the or-
ganization must provide information to the participants,
create news about the game, resolve doubts, correct weekly
tests, and so on. The next edition of LOR aims to increase
social interaction between participants from different uni-
versities, modifying the rules to promote agreements and
strategies among them. Another future development could
be to adapt the contents for an interhospital competition
for radiology residents, which would provide interesting
data on the educational impact of gamification in SL
during residency.

CONCLUSIONS

Competitive games in the metaverse virtual worlds such as
SL are a valuable tool for learning radiology. This inter-
university competition was feasible, reproducible, and
considered by the participants interesting and useful for
learning. Participants identified this activity as a playful
experience of learning and social interaction during the

COVID-19 pandemic.

TAKE-HOME POINTS

A competition for teams of medical students to learn
radiology conducted in the metaverse is highly valued
by the participants, who recognize that it is very useful
to reinforce their knowledge of radiology.

The participation of students from different univer-
sities demonstrates the reproducibility of the experi-
ence, rules out proximity biases, and encourages the
personal stimulation of students and collaborative ac-

tion among teachers.

Universities and medical schools can provide a sense of

belonging to team members, an important factor in

820

creating work dynamics, and an additional motivating
element in the learning competition.

Participants found team play useful for maintaining
virtual relationships and identified this activity as a
playful learning and social interaction experience

during the COVID-19 pandemic.
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