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Abstract
Background: Emergency radiology is essential for future doctors, who will face urgent cases requiring radiologic diagnosis.
Using virtual simulations, gamified clinical scenarios, and case-based learning enhances practical understanding, develops
technical and communication skills, and fosters educational innovation.
Objective: This study aimed to assess the feasibility of learning emergency radiology in the virtual world Second Life (Linden
Lab) through a gamified experience by evaluating team performance in clinical case resolution, individual performance on
seminar assessments, and students’ perceptions of the activity.
Methods: Teams of 3‐4 final-year medical students, during a 2-week radiology clerkship, had access to 7 clinical cases in
virtual clinical stations and were randomly assigned 2 to solve and submit. They later discussed the cases in a synchronous
virtual meeting and attended an emergency radiology seminar. The experience was repeated over 2 consecutive years to
assess reproducibility through comparison of learning outcomes and students’ perceptions. Learning outcomes were evaluated
through team-based case resolution and individual seminar assessments. Students’ perceptions were gathered via a voluntary
questionnaire including 5-point Likert scale items, cognitive load ratings, 10-point evaluations, and open-ended comments.
Results: In total, 182 students participated in 2020‐2021 and 170 in 2021‐2022, demonstrating strong team-based case
resolution skills with mean scores of 7.36 (SD 1.35) and 8.41 (SD 0.99), respectively (P<.001). The perception questionnaire
had a 90.6% response rate. The highest cognitive load was observed in avatar editing (median 7, 95% CI 6.56‐6.96).
Case-solving cognitive load was significantly lower in 2021‐2022 compared with 2020‐2021 (median 6, 95% CI 5.69‐6.21
vs 5.10‐5.66; P<.001). The students rated the experience highly, with average scores exceeding 8.0 out of 10 across various
aspects. Notably, the highest-rated aspects were the teaching staff (9.13, SD 1.15), cases (8.60, SD 1.31), project organization
(8.42, SD 1.67), and virtual rooms (8.36, SD 1.62). The lowest-rated aspect was internet connectivity (6.68, SD 2.53). Despite
the positive scores, all aspects were rated significantly lower in 2021‐2022 compared with 2020‐2021. These year-to-year
comparisons in performance and perception support the reproducibility of the experience.
Conclusions: This study demonstrates that a game-based learning experience in the Second Life virtual world, combining
virtual clinical scenarios and team-based tasks, is feasible and reproducible within a radiology clerkship. Students showed
strong performance in case resolution and rated the experience highly, within a playful context that integrated asynchronous
and synchronous activities. Lower ratings in the second year may reflect contextual differences, such as changes in COVID-19
pandemic restrictions.
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Introduction
Gamification is the use of game elements in nongame
environments, such as in education. This alternative
educational approach promotes student motivation and active
participation in the learning process [1]. Its implementation
has been shown to enhance engagement, increase motivation,
improve knowledge retention, and develop problem-solving
skills [2-4]. The effectiveness of gamification is rooted in the
fulfillment of 3 basic psychological needs [2]: (1) autonomy
—the need to feel in control of one’s actions; (2) compe-
tence—the desire to achieve goals and experience success
[5]; and (3) relatedness—the need to feel connected to
others and be part of a group [6]. Through game-based
tasks, students are encouraged to experiment, interact, and
collaborate with peers [7]. However, gamification alone is
not sufficient to ensure meaningful learning outcomes. Its
effectiveness depends on thoughtful design and alignment
with the specific skills students are expected to acquire [8].
To support knowledge acquisition and consolidation, game
elements must be carefully selected based on academic goals,
student needs, and a pedagogically sound teaching methodol-
ogy [9]. In this context, gamification proves to be a viable
strategy at the university level—particularly in undergradu-
ate programs—as a means to fulfill the educational goals
outlined in academic curricula [10]. Studies have reported
positive academic outcomes, high levels of student engage-
ment, and strong adherence to gamified activities [11-14]. At
the postgraduate level, gamification has also found applica-
tions in health care education. It has been used with surgical
residents through the Da Vinci simulator to enhance surgical
skills [15], with internal medicine residents—both individu-
ally and in teams—via online platforms to update clinical
knowledge [16], with radiology residents through virtual tools
for interpreting chest x-rays [17], and with otorhinolaryngol-
ogy residents to assess and train new laryngoplasty techniques
[18].

Game-based learning, often referred to as digital games
[19,20], supports students in achieving learning objectives
through immersive and engaging learning experiences.
These activities have shown promising results with medi-
cal students, especially when implemented in immersive
digital platforms [21,22], and their use in undergraduate
education is worth exploring. These immersive platforms,
known as virtual worlds, are computer-generated 3D spaces
where people interact remotely through representations of
themselves called avatars. The concept of virtual worlds,
along with others such as virtual reality, mirror worlds,
and augmented reality, fits within the broader notion of the
metaverse [23], a collective virtual shared space expressed
through digital media and the internet. Clinical simulation
environments in such settings have been developed to
train various skills, including taking anamnesis from virtual
patients [24], resolving clinical situations in a pneumology

ward [21], training cardiopulmonary resuscitation [25], or
developing communication skills with patients [26,27].

One of the most widely used virtual worlds for health
professional education is Second Life (SL; Linden Lab)
[28]. Its advantages include remote access, a strong sense
of presence, ease of access, user anonymity, opportunities to
develop communication skills, promotion of active learning,
and being free of charge. SL allows educators to design and
recreate clinical training scenarios [29], including those based
on the Objective Structured Clinical Examination (OSCE)
format, in which specific “stations” simulate clinical cases
in a standardized, reliable, and objective way [30]. It has
already proven to be a valuable tool for teaching radiology
in both synchronous and asynchronous online formats [31],
and it has supported interactive learning focused on radio-
logical anatomy and imaging signs [22]. However, to our
knowledge, no experiences have yet incorporated radiology
OSCE-like scenarios using gamified approaches in SL or
similar environments.

Emergency radiology is essential for medical students,
as future doctors will inevitably encounter urgent clinical
scenarios requiring timely and accurate radiologic diagnosis.
The ability to interpret commonly used x-ray examinations
in the primary assessment of acutely unwell patients, and to
recognize basic findings on emergency computed tomography
(CT) scans, is considered a core competency in undergraduate
medical training [32]. The European Society of Radiology
highlights the importance of educating medical students in
emergency radiology to ensure they understand imaging’s
critical role in acute care and can contribute effectively in
managing clinical emergencies [33]. Furthermore, teaching
emergency radiology to medical students has been shown
to enhance their knowledge, promote appropriate imaging
usage, support evidence-based decision-making, and increase
awareness of the potential downstream effects of incidental
findings [34].

This study aimed to assess the feasibility of learning
emergency radiology in the virtual world SL through a
gamified experience by evaluating team performance in
clinical case resolution, individual performance on seminar
assessments, and students’ perceptions of the activity. The
educational activity combined case-based problem-solving in
OSCE-style stations with virtual online seminars. The activity
was developed for sixth-year medical students (in their final
year of medical school in our country) as part of a formal
radiology clerkship.

Methods
Overview
This was a quasi-experimental study conducted over 2
academic years to evaluate a virtual, gamified radiology
learning experience.
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Background and Project Design
Sixth-year medical students at our university complete a
2-week radiology clerkship, consisting of 4 days of hos-
pital practice, ten 2-hour seminars on clinical radiology,
and online learning activities. Each year, 7 groups of
24‐28 students successively complete the radiology clerkship
between mid-October and early February. Eligibility criteria
included enrollment in this clerkship during the 2020‐2021
or 2021‐2022 academic years. All students met these criteria,
and no exclusions were applied. The educational purpose of
the activity in this study, called “Rainbow-Game,” was to
provide students with reflective training on clinical situations
involving medical emergencies mediated by the correspond-
ing radiological procedures, in a playful and collaborative
context, as part of the activities of the clerkship.

Each group was randomly divided into 7 teams of 3‐4
students named with the colors of the rainbow. On the first
day of the clerkship, students were briefed on the details
of this experience. They had to dress their avatar in shirts
of their team’s color and had 9 days to visit, on demand,
a virtual space with 7 OSCE stations, each containing an
emergency radiology case. Students had unrestricted access to
all stations throughout this period, encouraging self-directed
learning and flexibility in how they engaged with the cases.
Although they were encouraged to review all 7 cases, only
2 were randomly assigned to each team on the eighth day
for formal written resolution and submission via SL’s internal
messaging system (notecard). To support them, they received
a short orientation on how to use SL and step-by-step
mini-tutorials to assist with independent navigation, creating
and sending notecards, and customizing their avatars with
the team T-shirts. Although students used their own devi-
ces, they were advised to ensure basic technical compatibil-
ity and stable internet access. As part of the game, teams
also had to send the professor original and imaginative SL
screenshots showing their avatars dressed in the correspond-
ing color. On the tenth day, there was a 2-hour meeting
with the whole group in SL. First, the teams had to orally
present the results of the assigned cases and discuss them with
their peers. Subsequently, they received a 1-hour seminar
on emergency radiology, in which the professor presented
15 clinical cases, distributed equally among head, chest, and
abdominal emergencies. At the end of the seminar, 3 exam
cases were arranged to be answered individually using a
notecard. A 24-item checklist was used to correct answers
uniformly (see Multimedia Appendix 1). This activity was
repeated during 2 academic years (2020‐2021 and 2021‐
2022) with the same contents and organization. The TREND
(Transparent Reporting of Evaluations with Nonrandomized
Designs) statement [35] was followed to ensure transparent
and comprehensive reporting.

Outcomes and Assessment
The study evaluated three categories of outcomes: (1)
team performance in clinical case resolution, (2) individ-
ual performance on seminar assessments, and (3) students’
perceptions of the activity. Team performance was scored
using a structured checklist (0‐10 points per case), and
individual seminar responses were graded using a 24-item
checklist (Multimedia Appendix 1). In both cases, higher
scores indicated better performance.

Students’ perceptions were captured through a question-
naire adapted from a previously validated instrument [22]
(Multimedia Appendix 2) including 5-point Likert items
(ordinal), 9-point cognitive load ratings (ordinal), 10-point
satisfaction ratings (continuous), and open-ended comments.
Higher Likert scores reflected more positive perceptions,
higher cognitive load scores indicated greater perceived
mental effort, and higher satisfaction ratings indicated greater
satisfaction.
Virtual Scenarios
This study was conducted at the SL location named “The
Medical Master Island,” designed with various academic
buildings surrounded by trees and plants (Figure 1A). Seven
OSCE stations were designed with access from the same
distributor, imitating a real OSCE. Each station had: (1) an
access door; (2) a panel on the wall describing the clinical
situation and the questions to be answered; (3) a table with
one or 2 monitors, showing the images of the case; and
(4) x-ray or CT equipment to contextualize the place as a
radiology room (Figure 1B). To minimize repetitions, 16
cases were used (Table 1), which were rotated for the 7
groups (Table 2). An example case is shown in Figure 2.
The clinical situation presented to the students is that of a
65-year-old woman who went to the emergency department
due to progressive dyspnea occurring with minimal effort,
reporting weight loss over the last month. Her personal
history includes smoking and dyslipidemia. On examina-
tion, she is conscious, oriented, and cooperative, with mild
respiratory retractions. Global hypoventilation in the left lung
is noted. Oxygen saturation is 85%. She is afebrile. An
imaging test is performed. Tasks to be carried out included
describing as accurately as possible the imaging technique
used and the pathological findings, establishing a differential
diagnosis, and outlining the clinical approach to the suspected
condition. Indicate what other tests would be required and
why. The group meeting was held in the main building’s
aula magna, which had monitors with images to discuss the
cases and a panel of slides to present the seminar (Figure 1C).
Students submitted screenshots of their teams as part of the
competition (Figure 1D).
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Figure 1. Various scenes during the Second Life virtual world experience. (A) Aerial view of Medical Master Island with a flying avatar in the
foreground. In the background, the main building, where the synchronous seminars were held, can be seen. (B) Example of an Objective Structured
Clinical Examination station set up as a radiology room, with a team of students reviewing a head computed tomography case. The description of the
clinical situation and the tasks to be performed are displayed on the wall. (C) Scene during a synchronous meeting with a student group, reviewing
one of the Objective Structured Clinical Examination cases. (D) Screenshot submitted by a team of students as part of the competition.

Table 1. Description of the 16 cases used in the Rainbow-Game.
Case Image modality shown Case description
1 Brain CTa without IVb contrast: 18 axial

slices.
52-year-old man. Spontaneous intraparenchymal hemorrhage with a subarachnoid
component.

2 Abdominal CT with IV contrast: 18 axial
slices and 18 coronal slices.

39-year-old woman. Multiple renal lacerations with hemoperitoneum.

3 Chest x-ray: posteroanterior. 65-year-old woman. Complete opacification of the left hemithorax: atelectasis of left
lung due to a bronchial carcinoma.

4 Brain CT without IV contrast: 18 axial slices. 79-year-old man. Acute ischemic lesion in the left cerebral hemisphere: MCA stroke
with subfalcine herniation.

5 Abdominal radiography: oblique. 73-year-old man. Large bowel dilatation with coffee bean sign: Acute sigmoid volvulus
with pneumoperitoneum.

6 Abdominal CT with IV contrast: 18 axial
slices.

55-year-old woman. Gallbladder distention, wall thickening, mucosal
hyperenhancement, and pericholecystic fat stranding: Acute cholecystitis.

7 Brain CT without IV contrast: 18 axial slices
plus 18 in bone window.

40-year-old man. Parietal acute epidural hematoma with associated bone fracture.

8 Chest x-ray: posteroanterior. 59-year-old woman. Widening of the mediastinum, wide aortic contour, tracheal
deviation, aortic kinking: Acute aortic dissection.

9 Abdominal CT with IV contrast: 18 axial
slices.

55-year-old man. Ruptured abdominal aortic aneurysm with hemoperitoneum.

10 Brain CT without IV contrast: 18 axial slices
plus 18 in bone window.

58-year-old man. Frontal intraparenchymal hemorrhage, subdural hemorrhage, and
occipital skull fracture.

11 Chest x-ray: posteroanterior. 65-year-old man. Pulmonary consolidation without volume loss, air bronchogram, and
silhouette sign: Lobar pneumonia.

12 Abdominal CT with IV contrast: 18 axial
slices.

60-year-old man. Colonic wall thickening, pericolic fat stranding in an area of sigmoid
diverticulosis: Acute diverticulitis.
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Case Image modality shown Case description

13 Chest x-ray: posteroanterior. 62-year-old man. Consolidations and ground-glass opacities bilateral, peripheral, and
located in the lower fields: COVID-19 pneumonia.

14 Brain CT with and without IV contrast: 2 sets
of 18 axial slices.

55-year-old woman. Single cortical lesion, round, well-demarcated with enhancement
and perilesional vasogenic edema: Metastatic lesion.

15 Abdominal CT with IV contrast: 18 axial
slices and 18 coronal slices.

49-year-old man. Large soft-tissue mass, with internal heterogeneity: Retroperitoneal
sarcoma.

16 Chest x-ray: posteroanterior and lateral. 76-year-old man. Bone osteoblastic lesions: Metastasis due to prostate carcinoma.
aCT: computed tomography
bIV: intravenous.

Table 2. Assignment of cases to the Objective Structured Clinical Examination stations across different groups.
Groupsa Station 1 Station 2 Station 3 Station 4 Station 5 Station 6 Station 7
Group 1 Case 1 Case 2 Case 3 Case 4 Case 5 Case 6 Case 7
Group 2 Case 8 Case 9 Case 10 Case 11 Case 12 Case 13 Case 14
Group 3 Case 15 Case 16 Case 1 Case 2 Case 3 Case 4 Case 5
Group 4 Case 6 Case 7 Case 8 Case 9 Case 10 Case 11 Case 12
Group 5 Case 13 Case 14 Case 15 Case 16 Case 1 Case 2 Case 3
Group 6 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9 Case 10
Group 7 Case 11 Case 12 Case 13 Case 14 Case 15 Case 16 Case 1

a The same cases were used for the 7 consecutive groups of students in both the 2020–2021 and 2021–2022 academic years.

Figure 2. A chest x-ray corresponding to case number 3 shows complete opacification of the left hemithorax due to atelectasis of the left lung caused
by bronchial carcinoma.

JMIR MEDICAL EDUCATION Pérez-Baena et al

https://mededu.jmir.org/2025/1/e68518 JMIR Med Educ 2025 | vol. 11 | e68518 | p. 5
(page number not for citation purposes)

https://mededu.jmir.org/2025/1/e68518


Qualification of the Participants
Each team was qualified based on 3 parameters, normalized
to 10 points each: (1) the written response to the 2 assigned
cases, using a checklist for each case (40%); (2) the original-
ity and quality of the best screenshot submitted (20%); and
(3) the average of the individual points of the team to the 3
seminar questions (40%). Students were informed that their
team’s score on this compulsory online activity would have
no impact on their clerkship grades. However, as extrinsic
motivation, the team with the highest score in each group
received a bonus of one extra point in the final grade, up to 10
points.
Perception of the Experience by the
Students
After the seminar, the students were asked to complete a
questionnaire about the experience (see Multimedia Appendix
2), which included: (1) a dichotomous question about whether
they knew SL before the experience; (2) an assessment of 13
aspects of the game with a Likert scale of 1‐5 (from totally
disagree to totally agree); (3) an assessment of the cognitive
load of 6 aspects of the game, following the 9-point scale
proposed by Paas and Merriënboer [36]; (4) a rating of up
to 10 points on 9 aspects of the game; and (5) a space for
open comments asking “anything else to add.” The question-
naire contained questions constructed, worded, and validated
in previous studies [22,31].

Data Analysis
Descriptive statistics were performed using Microsoft Excel
2021 to characterize the population and subpopulations of
participants, and the SPSS statistical package v24 (IBM
Corporation) was used for statistical analysis. The normal-
ity of the data was assessed using the Shapiro–Wilk test.
Based on the distribution of each variable, unpaired 2-sam-
ple t tests were used for continuous variables that met
the normality assumption, while Mann–Whitney U tests
were applied to compare ordinal or nonnormally distributed
variables. Statistical significance was accepted at a proba-
bility of error of P<.05. Reproducibility was assessed by
comparing student performance (project scores and seminar
results) and perception data (questionnaire responses) across
the 2 academic years.

Open comments were analyzed using the systematic
collaborative consensus coding by committee [37]. Com-
ments related to aspects of the clerkship other than the
Rainbow-Game were not considered. During 2 consensus
meetings, a 2-layer hierarchical coding was established, with
3 codes in the first layer (advantages, disadvantages, and
suggestions) and different subcodes in the second layer.
Ethical Considerations
This study received approval from the Institutional Ethics
Committee for Experimentation at the University of Malaga

(decision number 141‐2022-H; approval date: January
18, 2023). Questionnaire participation was voluntary, and
participants gave their explicit informed consent at the time
of submission. All data collected were anonymized before
analysis to ensure the privacy and confidentiality of partici-
pants. Students were informed that their participation would
not affect their academic evaluation and had the opportunity
to opt out without any consequences. No monetary or material
compensation was provided for participation in the study.

Results
Outcome of the Rainbow-Game
Three hundred and fifty-two students participated in this
project, 182 in 2020‐2021 and 170 in 2021‐2022. Of the 352
students, 227 (64.5%) were women and 125 (35.5%) were
men. The mean age was 23.7  ( SD 2.8) years, with a median
of 23 and a range from 22 to 51 years.

The normality of the distributions was assessed using
the Shapiro–Wilk test. OSCE case scores (2020: W=0.934,
P=.009; 2021: W=0.891, P<.001) and the final experience
score (2020: W=0.874, P<.001; 2021: W=0.944, P=.02) did
not follow a normal distribution and were compared using the
Mann–Whitney U test. In contrast, the results of the seminar
questions (2020: W=0.966, P=.17; 2021: W=0.981, P=.59)
and academic clerkship grades (2020: W=0.968, P=.20; 2021:
W=0.967, P=.18) followed a normal distribution and were
compared using unpaired 2-sample t tests. The average rating
up to 10 points of the teams in 2020‐2021 versus 2021‐2022
was as follows: in OSCE cases, 7.36 (SD 1.35) versus 8.41
(SD 0.99; P<.001); screenshots taken in SL, 7.31 (SD 1.65)
versus 7.04 (SD 1.73; P=.35); the seminar questions 4.98 (SD
0.83) versus 4.41 (SD 1.07; P=.004); and the final score of
the experience, 6.40 (SD 0.86) versus 6.54 (SD 0.77; P=.40).
Figure 3 shows the average score of the 7 groups for each
year in chronological order. There was no difference in the
academic grade of the clerkship between the students of both
years (7.68, SD 0.44 vs 7.79, SD 0.43; P=.19).

In Figure 3, the final scores were obtained by considering
the percentage contribution of the OSCE cases (40%), the SL
screenshots (20%), and the seminar test (40%). The points
represent the mean values of the 7 teams in each group. The
solid line corresponds to the 2020‐2021 academic year, and
the dashed line to 2021‐2022. The average score obtained
in the 16 OSCE cases is shown in Figure 4. In 5 cases, the
score obtained in 2021‐2022 was significantly higher than
in 2020‐2021; there were no other significant differences.
Considering both years, the easiest case was number 9, a
ruptured abdominal aortic aneurysm with hemoperitoneum
on CT (mean score 9.58, SD 0.79), and the most difficult
was number 16, osteoblastic bone metastases from prostate
carcinoma in a chest x-ray (5.83, SD 2.25).
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Figure 3. Scoring of the different components of the Rainbow-Game educational experience. OSCE: Objective Structured Clinical Examination; SL
pics: Second Life pictures.

Figure 4. Bar chart with the average score obtained for each case over 2 consecutive years. Each year, 6 teams evaluated the cases, except for case
1, which was evaluated by 8 teams. Error bars represent the SD. Statistically significant differences, with P<.05, are identified with the letter “a.”
OSCE: Objective Structured Clinical Examination;

Students’ Perception
Three hundred and nineteen students (90.6%) submitted the
perception questionnaire, 167 (91.8%) in 2020‐2021 and 152
(89.4%) in 2021‐2022. Only 38 (11.9%) stated that they did

not know SL previously, the rest had participated in edu-
cational activities in SL during their third year. All items
from the questionnaire showed significant deviation from
normality, with Shapiro–Wilk tests yielding P<.001 in both
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cohorts. Consequently, all comparisons were performed using
the Mann–Whitney U test.

The results regarding cognitive load are summarized in
Table 3. The task that required the greatest mental effort
was editing and dressing the avatar, with an average score
between rather high and high mental effort (median 7, 95%
CI 6.56‐6.96), followed by solving the cases proposed in the
OSCE stations, with an average score between no mental

effort and rather high mental effort (median 6, 95% CI
5.48‐5.86). The rest of the tasks required from rather low to
very low mental effort. There were no significant differences
in cognitive load between the 2 years except for the tasks of
dressing the avatar, which required greater mental effort in
2021‐2022, and the resolution of OSCE cases, which required
less mental effort in 2021‐2022.

Table 3. Results of the questionnaire about the cognitive load.
How much mental effort
does it cost you to
develop the following
tasks?a 2020‐2021 2021‐2022 P valueb Both years

Mean (SD) Median (95% CI) Mean (SD) Median (95% CI) Mean (SD)
Median (95%
CI)

Moving around in
Second Life

3.85 (2.25) 4 (3.51‐4.19) 3.93 (2.25) 3 (3.57‐4.29) .59 3.89 (2.25) 3 (3.64‐4.14)

Communicate by written
chat

2.07 (1.52) 2 (1.84‐2.30) 2.23 (1.69) 2 (1.96‐2.50) .50 2.15 (1.60) 2 (1.97‐2.33)

Communicate by voice 2.67 (2.14) 2 (2.34‐3.00) 2.99 (2.34) 2 (2.62‐3.36) .19 2.83 (2.24) 2 (2.58‐3.08)
Edit and dress your
avatar

6.62 (1.81) 7 (6.34‐6.90) 6.90 (1.85) 7 (6.61‐7.19) .08 6.76 (1.83) 7 (6.56‐6.96)

Solve the proposed cases
in the OSCE-RXc room

5.95 (1.71) 6 (5.69‐6.21) 5.38 (1.73) 6 (5.10‐5.66) <.001 5.67 (1.74) 6 (5.48‐5.86)

Follow the development
of the seminar in Second
Life

4.54 (2.26) 5 (4.19‐4.89) 4.44 (1.92) 5 (4.14‐4.74) .33 4.49 (2.10) 5 (4.26‐4.72)

aLikert scale from 1 to 9 according to: (1) Very, very low mental effort; (2) Very low mental effort; (3) Low mental effort; (4) Rather low mental
effort; (5) Neither high nor low mental effort; (6) Rather high mental effort; (7) High mental effort; (8) Very high mental effort; and (9) Very, very
high mental effort.
b P is the probability of error of the Mann Whitney U test. Statisitical significance set at P<.05.
cOSCE-RX: Objective Structured Clinical Examination: Radiology.

Overall, more than 95% of the respondents agreed or strongly
agreed that the OSCE case selection was suitable for their
training, the contents were appropriate, and that they worked
as a team. In addition, more than 79% found the environ-
ment of the OSCE rooms attractive, the competition design
appropriate, and the information provided adequate (Figure
5). Between 49% and 56% agreed that learning radiology in
SL is interesting and that playing and competing is a better
way to learn. Twenty-two percent of students disagreed with
the suitability of their computers, and 9% disagreed with
the adequacy of their internet connection for working in SL.
Fifty-four percent of the 2021‐2022 students agreed that they
had fun during the experience. There was significantly lower
agreement in 2021‐2022 on 8 of the 5-point Likert scale
statements.

The participants rated the experience up to 10 points, with
mean scores higher than 8 points in 7 of 9 items (Table
4). The lowest rating was given for connectivity to SL. All
mean scores in 2021‐2022 were significantly lower than those
in 2020‐2021. One hundred and forty-three questionnaires
(44.8%) included open comments: 82 (49.1%) in 2020‐2021,
and 61 (40.1%) in 2021‐2022. After the initial first-layer
coding, 12 second-layer subcodes were found among the
advantages, 8 among the disadvantages, and 9 among the
suggestions, as shown in Table 5, along with the thematic
description and frequency.

JMIR MEDICAL EDUCATION Pérez-Baena et al

https://mededu.jmir.org/2025/1/e68518 JMIR Med Educ 2025 | vol. 11 | e68518 | p. 8
(page number not for citation purposes)

https://mededu.jmir.org/2025/1/e68518


Figure 5. Diagram showing the degree of agreement, expressed as a percentage, reached each year in the responses to the experience evaluation
questionnaire, which used a 1‐5 Likert scale. OSCE: Objective Structured Clinical Examination;

Table 4. Rating in a 0‐10 points scale of various aspects of the experience.
Items 2020‐2021, mean (SD) 2021‐2022, mean (SD) P valuea Both years, mean (SD)
Overall experience 7.81 (1.70) 7.07 (1.72) <.001 7.46 (1.75)
Organization of the project 8,88 (1.45) 7.92 (1.75) <.001 8.42 (1.67)
Environment of the OSCEb rooms 8.66 (1.44) 8.03 (1.74) <.001 8.36 (1.62)
OSCE cases 8.75 (1.35) 8.43 (1.25) .007 8.60 (1.31)
The virtual seminar 8.63 (1.66) 7.62 (2.03) <.001 8.15 (1.91)
The teachers 9.30 (1.17) 8.93 (1.10) <.001 9.13 (1.15)
The utility for your training 8.52 (1.59) 7.56 (1.98) <.001 8.06 (1.85)
Interaction with peers 8.55 (1.65) 7.73 (1.99) <.001 8.16 (1.86)
Connectivity to Second Life 7.22 (2.37) 6.09 (2.57) <.001 6.68 (2.53)

aP is the probability of error of the Mann–Whitney U tests data. Statistical significance set at P<.05.
bOSCE: Objective Structured Clinical Examination

Table 5. Thematic codification of the open comments included in the questionnaire.
Codes and subcodes 2020‐2021 2021‐2022 Both
Advantages
  Appreciation: with terms like I liked, interesting, attractive, gratifying,

enjoyable, positive, very cool, fantastic.
30 19 49

  Acknowledgment: recognition, thanks to teachers for the effort, design, and
organization.

20 9 29

  Didactic: indicating that the experience is useful for learning, profitable, helpful,
formative.

14 11 25

  Playful: fun, entertaining, expressing that you learn by playing. 18 9 27
  Innovative: also expressed with terms such as new, original, unusual, surprising,

creative, different.
13 8 21

  Teamwork: highlighting its importance, social contact, collaboration, coworking. 14 4 18
 

JMIR MEDICAL EDUCATION Pérez-Baena et al

https://mededu.jmir.org/2025/1/e68518 JMIR Med Educ 2025 | vol. 11 | e68518 | p. 9
(page number not for citation purposes)

https://mededu.jmir.org/2025/1/e68518


 
Codes and subcodes 2020‐2021 2021‐2022 Both
  Cases: finding them interesting, of balanced difficulty, useful or of didactic

value for active learning.
6 9 17

  Seminar: emphasizing the interest in medical training, the educational value or
the feeling of presence and dynamics as in the classroom.

11 4 15

  COVID: a good solution or adequate for the pandemic situation, which allows
them to maintain social contact.

7 3 10

  T-shirt: together with the picture contest, expressing that they liked it, thought it
was a creative idea, or that it favors a good atmosphere.

3 1 4

  Guidelines: highlighting that they were good, useful, or detailed. 4 0 4
  2D Platforms: preference over 2D platform platforms such as Zoom, Google

Meet, Microsoft Teams, etc.
0 2 2

Disadvantages
  Technical problems: due to the computer or the Internet connection, the program

does not run well.
22 20 42

   Mild or occasional 15 15 30
   Serious (prevents executing SL)a 7 5 12
   Of them, resolved 6 4 10
Second Life (SL): running SL is complicated, even stressful. They feel that they are
not used to it or that they do not handle the interface well. A learning curve is
necessary

13 11 24

  Dressing up: the tasks of dressing the avatar are difficult, complicated, time-
consuming, or not important to them.

8 9 17

  Time: this activity becomes more complicated in the last year of the degree, in
which there is a lot of occupation with other activities and tasks.

1 15 16

  Face-to-face: preference for face-to-face seminars in the real world. 5 6 11
  Camera: problems using the camera (avatar vision) and seeing the images

properly.
6 4 10

  Notecards: problems sending notecards 0 2 2
  2D Platforms: preference for 2D online platforms, such as Zoom, Google Meet,

Microsoft Teams, etc.
1 1 2

Suggestions
  Voluntary: proposal that these activities be voluntary, even on vacation. 0 7 7
  Other platforms: to be used as a resource when Second Life fails or there are

connection problems.
3 1 4

  More cases: include more cases, with more modalities, such as ultrasound, breast
imaging, etc.

2 1 3

  Training SL: provide training on handling SL in medical school, including
tricks, handling avatars, etc.

2 2 4

  Modifications: slight modifications to the current experience related to
scheduling, team building, or information

2 2 4

  SL proposals: new gamification proposals, learning strategies, and radiology
repositories. Even do all the clerkship seminars in SL.

4 0 4

  Patients: add virtual patients to OSCE stations 1 0 1
  Computers SL: enable computers with the SL viewer in the Faculty of Medicine. 0 1 1
  Ubiquity: carry out the experience with professors and students from other

universities.
0 1 1

aSL: Second Life

Discussion
Principal Findings
Today’s radiology students have different learning styles
compared with previous generations, preferring to shift from

the traditional lecture-based approach to more active learning
methods that engage them more effectively [38]. This
study presents a new educational experience for sixth-year
medical students, conducted in SL during a 2-week radi-
ology clerkship and replicated over 2 academic years.
This educational experience is grounded in a constructivist
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and experiential learning approach [39], integrating sev-
eral complementary pedagogical strategies. These include
game-based learning to foster engagement and motivation
[40]; case-based learning to stimulate clinical reasoning [38];
and team-based learning to promote collaboration and peer
discussion [41]. The design also combines asynchronous and
synchronous components to support flexibility and self-regu-
lated learning. Simulation-based activities in a virtual world
(SL) provide a safe, immersive environment for clinical skill
development [42,43]. In addition, the experience draws on
Self-Determination Theory [44], addressing both intrinsic
motivation (interest and enjoyment) and extrinsic motivation
(competition and rewards). Further pedagogical framing may
be informed by Bers’ Coding as Another Language approach
[45], which conceptualizes digital environments as spaces for
exploration, communication, and meaning-making—aligning
with our use of SL for collaborative and immersive clinical
learning.

Case-based learning connects theoretical knowledge with
the clinical environment and encourages students to think like
doctors. By reflecting on radiological images through clinical
cases, students can appreciate the role of radiology in patient
care [38]. The 24/7 availability of the content in SL enables
the organization of asynchronous tasks, such as the 9-day
period for evaluating OSCE cases in this study, adapting
to students’ study schedules, an essential factor for reflec-
tion and self-regulated learning [46]. Team-based learning
is particularly suitable for visual topics like radiology, as
it promotes and facilitates group discussion of complex,
real-life radiological cases [47]. Teamwork dynamics are vital
in undergraduate medical training, as they foster collabora-
tion among students with varying levels of knowledge and
experience [4,48].

Virtual world technologies, such as SL, make avatar-medi-
ated student assessment in simulated 3D scenarios technically
feasible to set up and run. This has been demonstrated in
home accident scenarios in geriatric medicine [49], as well
as in office or hospital settings [27], but has never been used
to replicate scenarios for learning radiology. In this study, 7
OSCE stations were developed to simulate clinical scenarios
involving medical emergencies, providing students with a
variety of cases. The environment created allowed students
to work in groups remotely at significantly lower cost than a
similar scenario in the real world.

The educational activity in this study includes a significant
component of competitive team gamification, a cooperative
learning technique that enhances students’ motivation and
focus on learning tasks [48], combining group rewards with
individual responsibility [50]. According to self-determina-
tion theory, motivation has 2 components [51,52]: intrinsic
motivation, defined as participation in an activity because it is
found to be inherently interesting and enjoyable, and extrinsic
motivation, where participation is driven by external factors
such as rewards, promotions, or the avoidance of aca-
demic failure. Competition is a powerful extrinsic motivator;
however, it is criticized for creating high-pressure environ-
ments that reduce intrinsic motivation and hinder optimal
learning [53]. Previous studies have shown that multi-user

competitive games developed in SL through asynchronous
activities can enhance medical students’ learning of basic
radiological content, such as anatomy and semiology, and that
students find these games highly beneficial for their train-
ing as physicians, both when competing individually [25,54]
and in teams [55]. This study proposes a different approach
to learning games, incorporating clinical content commonly
found in medical practice, centered on case resolution through
teamwork and supplemented by synchronous discussion and
debate activities. In both courses, students recognized and
appreciated the educational value of the Rainbow-Game
experience.

SL is an appropriate environment to develop oral
communication skills in clinical radiology through the
presentation and discussion of content [56]. In this
study, effective communication was fostered through
group discussion and reflection on the cases. The experi-
ence concluded with a seminar on emergency radiology
to reinforce students’ knowledge and clinical reasoning.
Seminars conducted in SL provide a strong sense of co-
presence and have an educational impact comparable to those
held in person, as long as the same objectives, content, and
script are maintained [57].

Emergency radiology is an essential part of the undergrad-
uate medical curriculum, ensuring that students can recognize
major radiological emergencies [58]. In this study, students
delved into clinical reasoning on cases commonly found in
hospital emergency settings, achieving good results on the
cases assigned to each team, with differences mainly related
to the difficulty of the cases (Figure 4). This provides a
measure of student performance on clinical cases in the
final year of medical school. In contrast, the seminar exam
questions were scored poorly due to limited response time
and possibly an excessive number of items on the assessment
checklist (see Multimedia Appendix 1). Students in 2021‐
2022 performed better on the cases than those in 2020‐2021
and reported a lower cognitive load to solve them. This could
indicate that they were better prepared for this type of tasks;
however, they performed worse on the seminar questions, and
there were no significant differences in the academic grades
for the clerkship, so some leakage of results from one year to
another cannot be ruled out. Although no traditional learning
group was included, similar clerkship grades across both
years suggest that the SL-based activity maintained academic
performance while adding value through engagement and
teamwork.

In general, the students perceived the experience as
innovative and appropriate for their training. They valued
the selected cases, the design and organization of the project,
and the opportunity to work collaboratively in teams. In their
open comments, they frequently described the activity as
“fun,” “interesting,” and “useful for learning,” highlighting
its originality and the engaging nature of solving clinical
cases in a virtual world. Several students also appreciated the
social interaction and teamwork it encouraged, particularly
under pandemic restrictions. However, some disadvantages
were noted, particularly technical issues related to SL, such
as interface difficulties or connectivity problems. Although
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students received technical support, using personal devices
may have contributed to differences in their experiences.
These issues may be related to the technical requirements
of the platform, which must be installed locally and require
specific hardware and internet conditions [59]. One student
suggested enabling access to university computers with the
SL viewer. The task of customizing avatars was often
described as time-consuming and lacking clear educational
purpose. A number of students, particularly in 2021‐2022,
felt the activity required too much time, and some suggested
it should be optional or scheduled during a less demanding
academic period.

These differences in perception may be attributed to the
timing of both experiences during different phases of the
COVID-19 pandemic. In the first semester of 2020‐2021,
students faced a stressful situation with restricted in-person
academic activities, where online solutions were seen as
essential for teaching. One year later, teaching had parti-
ally normalized, with some precautions still in place, but
there was a certain sense of fatigue from the overuse
of online activities [60]. This may have contributed to a
greater perception of workload among the students and,
consequently, a lower appreciation of the learning experi-
ence. Despite lower satisfaction scores in 2021‐2022, students
performed better on case resolution tasks and reported lower
cognitive load. This suggests that learning outcomes do not
always align with perceived satisfaction. Improved perform-
ance may reflect greater digital familiarity and self-regula-
tion skills developed through previous remote learning. In
contrast, lower ratings may have been influenced by reduced
novelty, increased academic pressure, or persistent fatigue
from extended online education, rather than the activity’s
educational value.
Comparison With Previous Work
This type of learning experience may be less appealing to
those who are not drawn to gamification and technology.
In fact, it has been shown that mandatory participation in
gamification activities in SL can lead to a lower percep-
tion and acceptance of the game by a proportion of stu-
dents [54]. Mandatory activities contribute to the extrinsic
motivation of medical students, but “imposed” gamification
has a counterproductive effect, described as “mandatory fun”
[61]. User acceptance of 3D virtual world technology is
positively influenced by their perception of the ease of use,
usefulness, enjoyment, and visual appeal of a virtual learning
environment, which significantly impacts student satisfaction,
learning outcomes, and retention [62,63]. Most participants
in the Rainbow-Game found the experience interesting and
suitable for learning, and more than half found it fun.
However, some students may not have perceived sufficient
reward in a compulsory learning game. Therefore, the option
for the best team in each group to earn an additional point
on their academic grade compensates for this by providing an
extrinsic motivation.

This study demonstrates how a mandatory game-based
learning experience in SL can be added to the formal
teaching organization of a radiology clerkship. Training in
case resolution, peer discussion, and attending a seminar on
emergency radiology provides added value to the educational
objectives of this clerkship in the final year of the degree.
The design of the cases and OSCE stations, along with the
positive perception of students, is another added value. The
immediate continuation of this project, which has already
been completed and is pending publication, involved the
development of individual, synchronous radiology OSCEs
conducted over a restricted period of several minutes per
station, emulating face-to-face OSCEs, like those carried out
at the end of the degree [64]. Future developments will focus
on comparing the virtual world activity with a control group
performing identical tasks either in real-world settings or in
2D virtual environments. This will allow for a more com-
prehensive evaluation of the added value of immersive 3D
learning environments in radiology education.
Limitations
The main limitation of this experience, consistent with
previous studies [31,57], was the presence of technical
problems with the computers and the online connection
needed to run SL correctly, as recognized in the open
comments of 13% of the questionnaires. However, two-thirds
of these issues were minor or occasional problems, and a third
were resolved through simple solutions, such as borrowing a
computer or using a cable connection. Since SL is developed
as computer software, it requires suitable hardware that meets
minimum requirements. In addition, SL is an internet-based
technology with a client/server structure, which relies on
stable internet connectivity. Despite the significant increase in
internet access for higher education students, many still face
restricted connectivity [63]. Another limitation to consider is
that this study was conducted at a single institution. Although
the experience has been replicated over 2 academic years, it
would be valuable to see if it could be implemented else-
where, which would require the cooperation of professors
from other institutions and the inclusion of the project in the
teaching guide for the corresponding courses.
Conclusions
This study presents a game-based radiology learning
experience conducted in the SL virtual world, integrating
simulated case-based learning in virtual OSCE stations,
team-based competitive learning, and synchronous group
sessions. The experience, adapted to a radiology clerkship,
is feasible and reproducible, promoting clinical reasoning
and teamwork among students in a playful context that they
recognize and value highly. In addition, it is worth exploring
the educational potential of OSCEs in 3D virtual environ-
ments for radiology and other medical disciplines.
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