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ABSTRACT

Introduction: Mobile applications are considered relevant in the health area. As rheumatology is a complex and prevalent specialty in clinical
practice, the development of tools that favor learning becomes necessary.

Objective: To evaluate the impact of a mobile platform on learning, obtaining the degree of satisfaction with the teaching tool and the effects on
different scenarios of educational practice, including performance evaluation regarding questions about the theoretical contents of the platform.

Methods: Quantitative, descriptive study, carried out in Christus University Center, located in Fortaleza, Brazil. Questionnaires prepared by the
authors were used to assess the impact on the different active methodologies used in the institution and the degree of student satisfaction
regarding their use. The estimate of the students’ cognitive gain was measured through pre-test and post-test, using the multiple-choice format.

Results: The questionnaires were applied to 71 students to assess the effects and satisfaction. A total of 90 students participated in the pre-test
and 32 in the post-test phase. The platform showed a positive perception of learning for 83.1% of the students, with greater impact on lectures,
although there was a greater impact on the simulation scenarios in the eighth semester. A good degree of satisfaction was observed in 94.4% of
the answers, with improved performance in the tests, increasing from 43.7% to 63.3% (P < 0.001).

Conclusions: The development and application of the mobile platform in rheumatology showed excellent results, with favorable effects on
the teaching of the specialty, disclosing a good degree of satisfaction regarding its use and better performance on the questioning about the
theoretical contents of the platform.

Keywords: Medical education, Rheumatology, Mobile applications.

RESUMO

Introducéo: Aplicativos méveis sdo considerados relevantes na drea da satide. Sendo a reumatologia uma especialidade complexa e prevalente na
prdtica clinica, torna-se necessdrio o desenvolvimento de ferramentas que favorecam a aprendizagem.

Objetivo: Este estudo teve como objetivo avaliar oimpacto no aprendizado que uma plataforma mével proporcionou, obtendo o grau de satisfagdo com
a ferramenta de ensino e a repercusséo nos diferentes cendrios de prdtica educacional, incluindo avaliagéo de performance quanto a questionamentos
do conteldo tedrico da plataforma.

Método: Trata-se de estudo transversal com delineamento descritivo e abordagem quantitativa do tipo analitico, realizado no Centro Universitdrio
Christus, localizado em Fortaleza, Brasil. Pesquisaram-se, por meio de questiondrios elaborados pelos autores, a repercussdo nas diferentes metodologias
ativas presentes na instituicdo e o grau de satisfacdo dos alunos quanto ao uso. A estimativa do ganho cognitivo dos alunos foi mensurada por meio de
pré-teste e pés-teste, no formato de mdltiplas escolhas.

Resultado: Participaram 71 alunos durante do questiondrio sobre a repercussdo e a satisfagdo. Nas questdes de multiplas escolhas, 90 alunos
participaram do pré-teste e 32 do pds-teste. A plataforma apresentou percep¢do positiva na aprendizagem para 83,1% dos alunos, havendo maior
impacto nas aulas expositivas, embora no oitavo semestre tenha havido maior repercusséo nos cendrios de simulacdo. Houve boa satisfacGo em 94,4%
das respostas, com melhora no aproveitamento quanto as questées de multiplas escolhas, evoluindo de 43,7% para 63,3% (p < 0,001).

Conclusao: A elaboragdo e a aplicagédo da plataforma mdvel em reumatologia obtiveram excelentes resultados, com repercussao favordvel no ensino
da especialidade e boa satisfacdo quanto ao uso e melhor performance no que concerne ao questionamento sobre os contetidos tedricos da plataforma.

Palavras-chave: Educagdo Médica; Reumatologia; Aplicativos Méveis.
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INTRODUCTION

Since March 2020, from the moment the World Health
Organization (WHO) declared that the infection by the severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2) virus
was a pandemic, technology has been essential for the continuity
of the teaching plan, because there was no access, justified by
the rules of social distancing, to the main learning scenarios:
classroom, laboratories, simulation centers,community, hospitals,
and primary care centers. Thus, the virtual environment became
the most appropriate one’. The need for social distancing made
pedagogical programming unfeasible, making it necessary
to provide a temporary system for teaching and educational
support with a rapid configuration, characterizing the concept
of emergency remote teaching, a term used to differentiate
the previously developed online teaching modality , which
was designed aimed at continuity’. This teaching modality
impacted the practical ability of teachers to offer support for the
development of skills by some students, especially those with
internet access difficulty, as well as affected student motivation
and performance, promoting reflection on the sustainability
of emergency teaching, which does not make the modality
unviable, but makes it possible to use its complementary form,
or blended learning®. One way to minimize these adversities was
the use of mobile applications or platforms*.

Mobile applications are programs developed for a
given operating system of a mobile device, such as tablets,
smartphones, with interaction occurring through touch, due
to the existence, in this type of technology, of a touchscreen,
with different topics: games, personal organizers, text editors,
chat apps, among others®. In the health area, it is currently
considered extremely relevant, and has become useful for
remote monitoring, diagnostic support, and decision-making®.
This technological advance has also been used in the medical
area, , either through data analysis, distance learning, artificial
intelligence, or through digital/mobile health, advanced
technology, and social networking’.

Rheumatology, as other medical specialties, has taken
advantage of these technological tools. Review articles have
reported the importance of some applications in rheumatology,
facilitating therapeutic planning in common diseases of the
area, such as systemic lupus erythematosus and osteoarthritis,
not only regarding pharmacological management but also the
rehabilitation regimen and physical activity. Other applications
can be useful for checking the criteria for disease diagnosis, as
well as the development of electronic portals that have been
encouraged by relevant entities, such as the American College
of Rheumatology?.

Few studies have addressed this issue in rheumatology.
There is information on the digital impact on the specialty,

concerning social media, and how it can influence medical
education, career advancement, dissemination of research, and
the increase of professional links (networking). The European
League Against Rheumatism (EULAR) found that 68% of its
members access social media for professional reasons, such as
networking, searching for new research, acquiring new skills,
and participation in online events®. In Brazil, an experimental,
randomized, case-control study involving two pediatric centers
evaluated an online virtual learning environment in pediatric
rheumatology, aimed at pediatric residents, analyzing its
effectiveness and satisfaction rates, observing that 75% of
the participants agreed that a good level of learning could be
achieved through the methodology™.

After the beginning of the pandemic caused by the
coronavirus disease 2019 (COVID-19), a change of posture by
the rheumatologists was necessary regarding assistance and
teaching, finding in technology a flexible, innovative, and
safe way to perform their activities''. Adaptations of existing
activities were made, such as bedside visits, conferences, case
discussions, and articles for virtual platforms, as well as the
increase of new teaching tools, such as the use of interactive
games and the development of multidisciplinary sessions'2

Rheumatology is considered a complex specialty. In
a study on medical students’ perception of clinical practice,
rheumatology was considered the third most difficult area
by the students, together with intensive care medicine
and endocrinology'™. There is also a high prevalence of
musculoskeletal diseases, especially rheumatological ones, in
clinical practice. A Canadian study highlighted the difference
between the time spent in teaching about the musculoskeletal
system during medical school and the time spent in the practice
of the profession by family physicians, showing that only 2.26%
of the undergraduate time is dedicated to this specialty, and in
clinical practice, 13.7% to 27.8% of patients have complaints
directly related to the locomotor system'™. This disproportion
reflects in the degree of confidence and retention of knowledge
about musculoskeletal diseases exhibited by medical students,
as observed at the Faculty of Medicine, Alexandria University,
Egypt, where 80% of the interviewed students reported a low
level of confidence, and 75% of the participants scored 65% or
less on a Rheumatology test™. In Brazil, a study conducted in
a private higher education institution showed that 69% of the
interviewed students considered their capacity to perform the
osteomuscular physical examination to be bad or regular's. Thus,
it is likely that a mobile platform, new and focused on teaching
the specialty, will be well received by the student body.

The objective of this study is to measure, among the
students at the Medical School of Centro Universitario Christus
(Unichristus), the degree of satisfaction with the use of a new
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rheumatology platform, as well as to evaluate its impact on
the different scenarios of educational practices, including
performance evaluation regarding questions about the

theoretical content of the teaching tool.

METHODS

This is a quantitative, experimental and descriptive
study. After approval by the Research Ethics Committee
on September 04, 2020 (N. 4.260.432), data collection was
performed using an electronic form (Google Forms) during
the period from October 2020 to July 2021. The study was
conducted at Centro Universitario Christus, a private teaching
institution located in the city of Fortaleza, in the state of
Ceard, northeast Brazil. The Medicine course has a hybrid
teaching plan, involving active teaching methodologies such
as dialogical presentations, flipped classroom, simulation
(PBL),
learning (TBL), and clinical experiences, which take place in

laboratory, problem-based learning team-based
some partner hospitals and the School of Health Clinic (SHC)
of the university center.

The study population consisted of medical students
from the university center, considering as inclusion criteria the
use of the mobile platform and being enrolled in the fourth or
eighth semester of 2020.2 and 2021.1, periods of the curriculum
with a greater workload of topics in rheumatology. A total of
360 students were enrolled, considering the two semesters. The
exclusion criterion was the student’s disengagement from the
institution during the study period. The study was conducted in
two stages: the first, of a methodological nature, characterized
by the development of a teaching instrument; and the second
of a quantitative nature.

The development of a technological product, a mobile
platform in rheumatology called ‘ReumacChristus; characterized
the first stage of the study, aiming to support the teaching
of rheumatology in the undergraduate medical course of
the institution. This was registered by the National Institute
of Industrial Property (INPI), under registration number
BR512021000157-5.The platform is web-based, with free access
through the link reumatologia.web.app, without the need for
any registration or login for use. It has several topics, such as
abstracts on different rheumatological pathologies, lectures
given at the institution medical course, images from the
authors’ database, free-access articles/guidelines, and videos of
interviews with patients, professionals, and teachers linked to
rheumatology. The platform usability analysis was performed
using the System Usability Scale (SUS), an instrument previously
validated for the Portuguese language'. This scale is based on
the degree of agreement according to a Likert scale, assigning
a score ranging from 1 to 5, with the lowest score being

consistent with “strongly disagree” and the highest score being
consistent with “strongly agree”. To calculate the SUS score, for
items 1,3,5,7 and 9, the score corresponds to the position on the
scale minus one. For items 2,4,6,8 and 10, the score corresponds
to 5 minus the position on the scale. A summation of the scores
for each item is made and the sum of the scores is multiplied by
2.5 to obtain the overall value of the usability scale. The odd-
numbered questions correspond to questions of a positive
nature, whereas the even-numbered ones correspond to the
opposite situation', A total of 71 students participated in this
research, who were attending from the fourth to the eighth
semesters, during which they were invited to voluntarily
participate. This was considered a representative sample, thus
resulting in a score of 87.39, and a value above 70 (acceptable),
was considered good when >80"%%, It isimportant to emphasize
that the participants’ informed consent form was created by
the authors and applied before participation in the study was
started, after being approved by the ethics committee.

In the second stage, a cognitive pre-test was
applied before using the platform, containing 10 multiple-
choice questions on rheumatology topics. After using the
ReumaChristus platform, a post-test was applied, with the same
questions as the initial test, aiming to estimate the students’
learning gain regarding the theoretical content of the platform.
Finally, a questionnaire was applied on the student degree of
satisfaction and perception of learning.

The pre-test and post-cognitive test questionnaires
were applied, respectively, before and after the use of
the mobile platform. They were prepared by the authors
themselves and contained 10-multiple choice questions of
varying difficulty and involved various topics, such as soft
tissue rheumatism, inflammatory arthropathies, collagenoses,
and infectious arthropathies. The entire content was present
in the teaching tool.

All tests were applied remotely through Google Forms
due to the biosecurity measures necessary for protection
against SARS-CoV2 infection, reinforcing social distancing
established by state government decree N. 33.519 of March
19, 2020%'.

The data were tabulated in Microsoft Excel for Windows,
and exported to the Statistical Package for the Social Sciences
(SPSS) software, version 20.0 (IBM Corp., Armonk, New York,
United State) with a 95% confidence level, and a P-value < 0.05
was considered statistically significant.

Subsequently, the evaluation semesters (4" and 8) were
associated with the other categories using Pearson'’s chi-square
test. Regarding the pre and post-test, the average percentage
of correct answers for each class was calculated and compared
using the Mann-Whitney test.
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RESULTS

A total of 71 students answered the questionnaire on
satisfaction and perception of cognitive gain after using the
platform, with a predominance of females, with an average
age of 24 years, and a slightly higher number of participants
attending the eighth semester (Table 1).

It was observed that 59 (83.1%) of the students
considered that the platform had enough impact on learning
in rheumatology during the semester (Figure 1), with different
percentages when evaluating the different scenarios of the
active teaching methodologies (Figure 2).

When students were asked which active teaching
methodology had the greatest positive impact on learning
after using the platform, they answered that the lectures
were the most important, corresponding to 31 answers
(43.7%), maintaining the option when analyzing the
data related exclusively to the fourth semester; however,
there was a predominance of simulation as the answer in
the eighth semester. All these results showed statistical
significance (Table 2).

Table 1. Demographic data of the students who answered
the questionnaire on satisfaction and perception
of cognitive gain after using the ReumaChristus
platform, Fortaleza (CE), Brazil, 2020-2021 (n=71).

Variable Value
Agein Years
Average 24.3 +£4.381
Minimum 19
Maximum 38
Sex (%)
Female 55 (77.5%)
Male 16 (22.5%)
Previous professional degree (%)
No 56 (78.9%)
Yes 15 (21.1%)
Semester (%)
Fourth 34 (47.9%)
Eighth 37 (52.1%)

Source: Prepared by the authors.

Figure 1. Students’ perception of the positive impact of the mobile platform on learning in rheumatology during the semester,

Fortaleza (CE), Brazil, 2020-2021 (n =71).

P < 0.01, Pearson’s chi-square test.
Source: Prepared by the authors.

Figure 2. Students’ perception of the positive impact of the mobile platform on each scenario of the institution’s active

methodologies, Fortaleza (CE), Brazil, 2020-2021 (n = 71).

P < 0.01, Pearson’s chi-square test.
Source: Prepared by the authors.
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Table 2. Students’ perception of which active teaching methodology had the greatest positive impact on learning after using the

platform, Fortaleza (CE), Brazil, 2020-2021 (n = 71).

Semester
Total Value P-Value
4th 8th
Expository lessons 31 (43.7%)* <0.001 20 (58.8%)* 11 (29.7%) 0.025
Simulations 27 (38.0%) 10 (29.4%) 17 (45.9%)*
Tutorials 8(11.3%) 4(11.8%) 4(10.8%)
Experiences (School Clinic) 5(7.0%) 0 (0.0%) 5(13.5%)*

P < 0.05, Pearson’s chi-square test (n, %).
Source: Prepared by the authors.

Figure 3. Students’level of satisfaction with the ReumaChristus platform, Fortaleza (CE), Brazil, 2020-2021 (n =71).

P < 0.01, Pearson’s chi-square test.
Source: Prepared by the authors.

It was observed that 67 (94.4%) of the total number
of students were satisfied with the mobile platform, while 4
(5.6%) were indifferent to it, and there was no response with a
negative evaluation (Figure 3). No statistical significance was
observed in the comparison between the semesters.

Regarding the estimation of knowledge acquisition, 90
students answered the cognitive pre-test, while 32 answered
the post-test, with a mean score of 43.7 + 15,6% and 63.3+
15,7%, respectively, with statistical significance (P < 0.001)
according to the Mann-Whitney test.

DISCUSSION

The ReumaChristus platform showed, according to
the students’ viewpoint, good performance and contributed
positively to the knowledge and learning of students in the
various scenarios of active methodologies. The learning gain
is estimated by the ascending variation of performance in the
multiple choice tests before and after using the platform.

The ReumaChristus platform, according to the students’
perception, had a positive effect on the learning in rheumatology,
with a very satisfactory agreement of 83.1%. As a comparison,

a Brazilian study involving the development and application of
a virtual learning environment in pediatric rheumatology for
pediatric residents found a percentage of 75% of the responses
when evaluating the tool as useful for teaching.

When considering the insertion of the platform in
the active teaching methodologies, a positive impact was
observed in all scenarios during the analysis of all semesters,
with a predominance of greater impact on the lectures, the
most frequent methodology in the institution during the
period of the COVID-19pandemic, since face-to-face activities
were reduced, directly impacting the number and format of
simulations and experiential activities. This analysis is very
pertinent when analyzing the fourth semester alone, in which
almost all simulations were remote, via Google Meet’, and
there were no experiential activities, justifying the absence
of impact of this activity on the aforementioned semester.
The eighth semester had simulations in rheumatology
before the beginning of the pandemic, as well as face-to-face
experiences, respecting the current biosafety protocols at the
time. The impact of the platform on the tutorials was similar
in both groups.
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Despite the favorable effect of the platform on remote
activities, it is not possible to conclude such information
regarding the students’ adherence to these activities, whether
synchronous or asynchronous. Some factors can be seen as
impediments, such as the lack of students’ motivation and
expectations, the exhaustive use of digital resources by the
teacher, the inadequacy of some contents, and some students’
inability regarding the use of technology??. The students’ stress
level, the verbal and non-verbal communication impairment,
the prolonged activity time, and the technical problems with
hardware and software can also be considered obstacles to the
development of the activity®.

Although a satisfactory level was observed related
to the students’ perception of learning gain and degree of
satisfaction with the platform, there was no change in most
of the student body regarding their interest in rheumatology
as a medical specialty, since 64.8% were indifferent or
disagreed when questioned. The literature is scarce regarding
the discussion of the students’ interest in following different
medical areas; however, the few existing results in Brazil do
not show rheumatology as one of the most sought after
specialties®*?*. The workload, the time available for family, the
place of professional practice, the early financial return, and the
possibility of clinical-surgical context are aspects that influence
the preference for a particular medical area®.

When evaluating the degree of student satisfaction
with the ReumaChristus platform, a very favorable result was
observed, since there was a 94% agreement in the answers.
Among the specific sections of the tool, a lower percentage of
agreement (84%) was evidenced in the one related to scientific
articles, probably due to the limited number of available
articles, since, due to copyrights, only open-access papers were
available on the platform.

The students’ performance regarding the theoretical
contents of the platform was estimated through a pre-test and
a post-test, both containing the same questions, showing an
improvement in performance from 43.7% to 63.3% (P < 0.001).
A similar result was observed when comparing the results of the
pre-test with those of the post-test after using a virtual pediatric
rheumatology learning environment, since the aforementioned
study showed an increase from 50% to 63.1% with statistical
significance (P <0.001), although the interviewed sample did
not comprise undergraduate students, but pediatric residents.

There are several digital tools in rheumatology for
patients with rheumatological diseases; however, there are few
applications focused on medical education in this specialty,
and most of the existing ones do not have a validation analysis,
which gives this study an unprecedented positive impact on
medical education. It is noteworthy that in Brazil, there is only

one study in rheumatology that analyzes the introduction
of a digital learning environment for pediatric residents™. It
is observed that a platform in rheumatology, in general, is
something innovative, since there is no similar research in
adults, as seen in Pubmed and Google Scholar®.

The platform emerges as an innovative tool for medical
education, resulting in positive points, which gives the tool
to disseminate this in training centers aiming at the use and
positive impact of the same training of students.

There are some limitations in the present the study and,
consequently, in the interpretation of the data. The research
was carried out during a pandemic and consequent social
distancing, which greatly limited the number of face-to-face
activities, thus making it necessary to obtain the answers to
the questionnaires online, resulting in a reduction in adherence
throughout the study period. This reduction is demonstrated by
the number of responses to the applied post-test questionnaires,
diverging from what was expected during the study design.
Another important fact to be raised is that the researchers
are teachers of the students evaluated by the questionnaires;
however, during the research, the students answered the
questionnaires voluntarily, and at no time was the grade for the
school semester linked to the answering of the questionnaires.
The scarcity of studies on the use of digital tools in the teaching
of rheumatology makes it impossible to use other results for
comparative purposes. It is worth noting that the impact of the
ReumaChristus platform could be better assessed using other
observational methodologies, such as cohort or case-control
studies, which provide greater strength of evidence; however,
they may involve ethical issues, logistical difficulties and higher
financial costs?. It is also noted that, although the study is a
single-center one, this digital format can be used as an example
and basis for future studies, mainly multicentric studies. Another
relevant limitation is the number of multiple-choice questions in
the pre-test and post-test, which can interfere with the reliability
of the assessment; a total number of 100 questions is considered
reproducible, which is unfeasible from a logistical point of view
to be applied in the study®

Apps and mobile platforms are appropriate means to be
used in medical education amid the continuing development of
technology and the need for social distancing due to the SARS-
CoV-2 pandemic, being no different for the ReumaChristus
platform. The availability of abstracts on the main topics,
lectures, scientific articles, guidelines, images, knowledge
on support groups for rheumatic patients, and videos on the
viewpoint of specialists, future rheumatologists, and patients
makes the platform extremely useful in undergraduate courses,
with potential use also by residents, rheumatologists, and
doctors from other specialties.
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The developed technological tool can be used as a
complementary method in the teaching of rheumatology
in higher education institutions, taking into account that it
had a favorable impact on the learning gain and aided in
different scenarios of active methodologies (lectures, tutorials,
simulations, and experiences), as well as having been evaluated
as a satisfactory tool.

CONCLUSIONS

The development and use of a mobile platform
focused on rheumatology achieved excellent results, not only
regarding its usability but also regarding the student degree
of satisfaction and performance related to questions about the
theoretical content of the platform, helping in various scenarios
of the active teaching methodologies. We also believe that
the ReumaChristus platform is an unprecedent and relevant
action in the dissemination and knowledge of rheumatology
in the academic environment, favoring better assistance
from the medical graduates to patients with musculoskeletal
complaints. Thus, these are favorable characteristics of a tool
to be used for teaching in undergraduate medical school, and
more specifically, in rheumatology.
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