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Abstract
Background : In pandemic times where the “lockdown strategy” has been adopted, the use of innovations
using technological resources such as the creation of instruments that can replace traditional teaching-
learning methods in the training of health professionals is essential. The aim of this study was to develop
and evaluate the usability of a realistic interactive simulation computer system using three-dimensional
imaging technology and virtual reality with free-access computational tools available on the web. 

Methods : the development of a prototype (OSCE 3D) was based on the steps used for the construction of
simulation software of a "Serious Game". An experimental phase was carried out to assess usability,
through a questionnaire based on the System Usability Scale. The study was approved by the Research
Ethics Committee of the institution and all patients signed the Informed Consent Form. 

Results : a total of 39 undergraduate medical students from the 6th semester of a private university
center of northeast do Brazil voluntarily participated in the evaluation of the OSCE 3D. The usability
evaluation presented a mean score of 75.4 with a margin of error of 3.2, considered a good usability
according to the literature. 

Conclusions : this work allowed the development of a low-cost prototype, using a three-dimension
realistic simulation system for OSCE assessment stations. This product, even in the prototype phase,
showed good usability.

Background
Coping with the COVID-19 pandemic and the use of the “lockdown strategy” have been signi�cant
challenges for medical education1,2.

Although developing or underdeveloped countries were the last to be affected by the COVID-19 pandemic,
public health systems in these locations are fragile and require a larger number of quali�ed health
professionals. Then, in these countries, every effort is needed to avoid delaying the graduation of new
doctors, who will make up the medical workforce3,4.

Working with distance learning and remote assessments on a course with a large amount of practical
activities required creativity from educators5,6. While distance cognitive assessments are already a reality
in many universities, the practical assessment of clinical skills has been a di�culty to be faced7.

There is a report in the literature on the use of traditional Objective Structured Clinical Examination
(OSCE) assessments, with adequate planning, at Duke-National University Singapore Medical School,
during a period of high risk of contamination by COVID-198.

Tools for using clinical skills assessment with the use of computers have been described. However, few
of these have been validated or had their development described and using platforms available on the
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web9,10.

The objective of this work was to develop a low-cost prototype that simulates the traditional OSCE, using
free-access tools available on the internet, and to validate it for usability by undergraduate medical
students.

Methods
It is an applied research, which developed the prototype of a technological tool using computer graphics,
for use in the evaluation of clinical skills of the OSCE type, followed by an experimental phase that
evaluated the usability of this prototype.

 

2.1 Development of the OSCE 3D prototype

The OSCE 3D was developed with the participation of a multi-professional team consisting of three
teachers from a medical course and one from computing, a systems analyst, a programmer and a
graphic designer. The multi-professional composition of the development team had the objective of
constructing a that achieved student needs with regard to self-learning. For this, the Co-
Design methodology was used, consisting of �ve phases: (I) scope – overview of the learning objectives;
(II) shared understanding – exchange of experiences between stakeholders on the scenarios, types of
pedagogical technologies and methodologies as the basis for the app; (III) brainstorming – sketching the
primary interfaces for the software; (IV) re�ning – modelling the app screens, images, clinical cases and
designing the activities; (V) implementation – interactive development of the software with incremental
deliveries. During the process, phases III, IV and V were reviewed cyclically to improve the system11.

The prototype was developed as a workstation-based simulator to be installed on a computer and offer
an immersion with three-dimension (3D) graphics, not limited by the internet broadcasting. It was used
the free-access personal version for students and beginners of the Unity Editor 3D platform (Unity
Technologies, version 2018) for developing educational games and simulations. The additional free-
access software GNU Image Manipulation Program (GIMP, version 2.10.12), Blender (version 2.79) and
MakeHuman (version 1.1.1) were also used for creating textures and building models of the 3D
environments.

The method used to develop the virtual environment of the OSCE 3D was the same to create traditional
3D computer games with a realistic approach of the serious games12. The steps used to develop the
OSCE 3D prototype were (1) Simulation concept (objectives, visual characteristics, type of interactivity,
description of the characters, technical material of the simulation, evaluation model and feedback); (2)
Design of the user interface, preparation of images and textures of the virtual environment (interaction
buttons, selection of textures of objects and materials in the scene); (3) 3D modeling of the environment
and characters (creation of 3D models, human characters and their animations); (4) Development of the
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simulation platform (formatting the scenario, importing objects and programming the movement and
interactivity of the player); (5) Creation of the student's score and feedback system; and (6) Functionality
tests and �nal adjustments.

 

2.2 Development of practical stations for the OSCE 3D prototype

The main elements of traditional OSCE stations were reproduced through simulation using virtual reality.
Clinical and anatomical information were collected from the medical literature to compose 03 clinical
cases, which were used to compose the stations of the OSCE 3D prototype. The physical space of
corridors of a clinical skills laboratory, medical consultation rooms with materials for examination and
door commands were modeled for the virtual reality environment. The scripts with possible responses
were created to be presented on the screen according to the activation of interaction devices. Checklists
�lled in automatically, according to the options chosen, were added to the system and presented as
feedback after the end of each season.

 

2.3 Evaluation of the OSCE 3D prototype

This phase of the study had an interventional and exploratory character, of a quantitative nature and
sought to assess the usability of the OSCE 3D by the students.

 

2.3.1 Participants

The participants were undergraduate medical students from the institution and who were in the sixth
semester, invited to participate voluntarily. The choice of students in the third year of the medical course
was motivated by the fact that these students are already familiarized to the traditional OSCE type of
assessment method.

 

2.3.2 Usability assessment (experimental phase)

Students underwent the same preparation process for a traditional OSCE assessment. Before the
evaluation, they were con�ned and received general guidance about the evaluation. Then, the students
went to the institution's computer lab and accessed the OSCE 3D prototype. Right after using the system,
students assessed usability through a questionnaire based on the System Usability Scale (SUS),
composed of 10 items, answered using the 5-point Likert scale to identify agreement or disagreement13.
The 10 items of the applied questionnaire are: item 1 "I would use this system frequently"; item 2 "I found
the system unnecessarily complex"; item 3 "I found the system easy to use"; item 4 "I think I would need
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the support of technical support to be able to use this system"; item 5 "I thought that the various functions
of the system were well integrated"; item 6 "I thought there was a lot of inconsistency in this system"; item
7 "I would imagine that most people would learn to use this system quickly"; item 8 "I found the system
too heavy to use"; item 9 "I felt very con�dent using the system"; and item 10 "I needed to learn a number
of things before I could continue using the application".

The calculation of the usability score was obtained by adding the individual contribution of each item.
For odd items, 1 point was subtracted from the value assigned to the answer. For even items, the
calculation was made by subtracting the value assigned to the response from the total of 5 points. For
the calculation of the total score, the value obtained from the sum of the even and odd items was
multiplied by 2.5. In the end, the total score of the usability scale could vary between 0 and 100 points.
According to the literature, samples from at least 12 participants are su�cient to assess usability using
the same method applied in this study14.

 

2.4 Statistical analysis

The data were tabulated in Microsoft Excel for Windows® and exported for statistical analysis in the
Statistical Package for the Social Sciences (SPSS) software program, version 20.0 (IBM). The data were
presented with both absolute and percentage frequencies. Cronbach’s alpha coe�cient was used to
estimate the reliability of the questionnaires applied, and the lower limit of 0.70 was used for acceptable
reliability15.

 

2.5 Ethical aspects

The study was approved by the Ethics in Research Committee of the institution, CAAE:
84915418.3.0000.5049, being in compliance with Resolution 466/12 of the National Health Council and
the Helsinki Declaration. The subjects of the research participated voluntarily, after signing the Informed
Consent Form, and were not identi�ed, so as to ensure the secrecy of the answers.

Results
3.1 OSCE 3D prototype

The prototype of the realistic simulation system OSCE 3D was developed for use on computers, in o�ine
version, for Windows platform, intended to reproduce the evaluation by the OSCE method in a virtual way,
for students of the undergraduate medical course. The system simulates a 3D space of a clinical skills
laboratory (�gure 1a).
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The objects of a medical o�ce and the detailed physical characteristics with facial and breathing
movements of the virtual patient were simulated by the prototype in order to obtain maximum realism
(�gure 1b).

The operator's movement within the 3D environment was programmed to allow interaction and
examination of the virtual patient with 3 axes of freedom: rotation and approach (+/- zoom). This feature
was added in order to allow the operator to obtain the best viewing angle during the examination (�gure
1c).

The navigation and interactivity interface were done through the mouse and keyboard, with selection of
icons and texts on the screen during the entire execution in order to facilitate its usability. The interaction
takes place through a task bar with the options "Dialogue", "Examine", "Order exams", "Prescribe" and
"Diagnose" (�gure 1d). When selecting each of these, a side menu opens with options to be selected.

At the end of each station, a feedback screen with scores, the options selected by the student and the
comparison with the most appropriate options is presented. A countdown timer was added to the system,
which is triggered from the moment that the student gives the command to enter the station.

 

3.2 Evaluation of system usability by students

A total of 39 students assessed the usability of the OSCE 3D prototype using the SUS-based
questionnaire, the majority was male (53.8%), with an average age of 23.2 ± 0.5 years. The assessment
identi�ed a good degree of usability, with a total average score of 75.4, with a margin of error of 3.2 and a
95% con�dence interval of 72.2 to 78.6. In the analysis of the individual response to each item of the
questionnaire, it was found that most of these had a score greater than 70 (�gure 2). The exception to
this �nding was in item 6, which states "I thought there was a lot of inconsistency in this system". The
analysis of the responses to the SUS questionnaire revealed that they showed acceptable reliability, with
Cronbach's alpha coe�cient of 0.714 for odd items and 0.713 for even items (without item 6).

Discussion
It was possible to develop a prototype for use in the assessment of clinical skills, using computer
graphics technology. This prototype maintains characteristics typical of the traditional OSCE and adds
advantages that are typical of virtual simulators such as the use of a playful environment. This showed
good usability after evaluation by a group of undergraduate medical students.

The simulation modality based on virtual reality using 3D environments has been described as an
alternative that can bring good results for learning and evaluation in health education, in comparison with
the expensive models of physical simulators16.
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Serious games usually developed to enhance learning. In a study carried out comparing a group of
undergraduate medical students submitted to the Problem-based Learning method and another to a
serious game developed for teaching accident and emergency care, it was identi�ed that the virtual
method resulted in a higher score in the evaluation with use of clinical cases17.

In a more recent study, the authors tested the effect of a serious game simulating an emergency
department and assessed the satisfaction and effect on students' declarative and procedural knowledge
through pre-test-post-test. In this study, a signi�cant increase in declarative knowledge was observed18.
However, this serious game aimed at the teaching process, but not as a method of assessing skills.

A study conducted recently at the Children's Hospital of Cincinnati (USA) with cases of pediatrics
evaluated the perception of third-year medical students submitted to clinical case simulator, built with the
same game development platform (Unity). It was found that most students strongly agreed that the
simulations were clinically accurate (97.4%) and that they covered the main learning objectives (100%). In
addition, the virtual reality simulator was more effective than traditional conferences, distance learning
and learning with low-�delity mannequins. The students also identi�ed that the training with the virtual
simulator was classi�ed as equal or more effective, in terms of learning, than the high-�delity
mannequins and use of standardized patients. The only modality in which the virtual simulator was rated
as less effective was when compared to bedside teaching19.

In the evaluation of clinical skills, a successful experiment was carried out, using realistic simulation
techniques in a 3D virtual environment, with an interactive simulator system of clinical cases. According
to students who participated in the study, the system improved communication skills and
professionalism7.

Another simulator using a web-based immersive technology, developed at the University Hospital of
Cologne, in Germany, allowed the assessment of skills in surgical patients, with an impact on
performance when compared to the traditional OSCE and with an increase in student motivation20.

 

Usability

Usability is the software's ability to be understood, learned, operated and attractive to the user, when used
under speci�ed conditions21. To validate the OSCE 3D prototype, the standard assessment SUS
questionnaire was adopted, which has already been used in studies for the analysis of educational
software22,23.

According to some authors, a score with a score higher than 68.5 corresponds to an acceptable degree of
usability24. In another publication on the interpretation of the result obtained with the SUS questionnaire,
the same authors identi�ed that a score above 73 for a software would be considered as a good
usability25.
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In assessing the usability of the OSCE 3D prototype, the average SUS score was 75.4, being therefore
considered “Good” according to the method employed.

During the analysis by item of the answers obtained by the questionnaire based on SUS, it was observed
that item 6 (“I thought there was a lot of inconsistency in this system”) was the only one that obtained an
average score below 70. This result could consequence from a bias in the students' interpretation of the
term “inconsistency in the application”, due to possible instability and crashes during the execution of the
prototype on computer lab machines not adapted for computer graphics.

In a systematic review of immersive environments with simulated patients using 3D technology, a total of
13 publications with relevance in medical education were identi�ed9. Of these publications, only 5 carried
out a validation study, 1 with content validity26, 2 with satisfaction27,28 and 2 with improvement of
performance29,30. None of these validated the system's usability.

 

Limitations

As limitations of the study, it should be considered that it was carried out in a single university center, with
a limited group of students and restricted to the evaluation of usability, at the moment it was not possible
to compare it with the clinical skills assessment through the OSCE traditional. The absence of computers
adapted for use of computer graphics software is another factor that may have in�uenced the evaluation
by students. Furthermore, it was not possible yet, as a prototype, to evaluate communication or
procedural skills.

 

Innovations

However, the study is innovative in describing the steps for the development of a low-cost workstation-
based 3D simulator, not limited by the internet broadcasting, with free-access computational tools
available on the web, which can be used in the assessment of clinical skills like OSCE.

In addition, the developed prototype can positively favored improvements in terms of economic viability,
mobility, reproducibility, less need for human resources, logistics and physical space.

Conclusion
It was possible to develop a low-cost prototype of a 3D immersive environment of realistic simulation
with computer graphics, using free-access tools available on the internet and with independent
functioning of the web, which sought to simulate an evaluation of the traditional OSCE type. This has
also been validated for usability.
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As it is a still early version of a method for assessing clinical skills remotely, further studies are needed to
explore other aspects related to the functionality of this prototype or other similar versions, applicable in
times of lockdown strategies to face pandemics like COVID-19.

List Of Abbreviations
OSCE - Objective Structured Clinical Examination

3D - three-dimension

SUS - System Usability Scale

References
1. Li L, Xv Q, Yan J. COVID-19: the need for continuous medical education and training. Lancet Respir

Med 2020;8 (4):e23.

 

2. Mian A, Khan S. Medical education during pandemics: a UK perspective. BMC Med 2020;18 (1):100.

 

3. Musa TH, Ahmad T, Khan M, Haroon H, Wei P. Global outbreak of COVID-19: a new challenge? J
Infect Dev Ctries 2020;14 (3):244-245.

 

4. Bedford J, Enria D, Giesecke J, Heymann DL, Ihekweazu C, Kobinger G, Lane HC, Memish Z, Oh MD,
Sall AA, Schuchat A, Ungchusak K, Wieler LH; WHO Strategic and Technical Advisory Group for
Infectious Hazards. COVID-19: towards controlling of a pandemic. Lancet 2020;395 (10229):1015-
1018.

 

5. Patil NG, Chan Y, Yan H. SARS and its effect on medical education in Hong Kong. Med Educ 2003;37
(12):1127-8.

 

�. Donkin R, Askew E, Stevenson H. Video feedback and e-Learning enhances laboratory skills and
engagement in medical laboratory science students. BMC Med Educ 2019;19 (1):310.

 



Page 10/14

7. Yang W, Hebert D, Kim S, Kang B. MCRDR Knowledge-Based 3D Dialogue Simulation in Clinical
Training and Assessment. J Med Syst 2019;43 (7):200.

 

�. Boursicot K, Kemp S, Ong T, Wijaya L, Goh SH, Freeman K, Curran I. 'Conducting a high-stakes OSCE
in a COVID-19 environment', MedEdPublish 2020;9 [1]:54.

 

9. Kleinert R, Wahba R, Chang DH, Plum P, Hölscher AH, Stippel DL. 3D immersive patient simulators
and their impact on learning success: a thematic review. J Med Internet Res 2015;17 (4):e91.

 

10. Brossier D, Sauthier M, Alacoque X, Masse B, Eltaani R, Guillois B, Jouvet P. Perpetual and Virtual
Patients for Cardiorespiratory Physiological Studies. J Pediatr Intensive Care 2016;5 (3):122-128.

 

11. Millard D, Howard Y, Gilbert L, Wills G. Co-design and co-deployment methodologies for innovative m-
learning systems. In: Goh TT, (Ed). Multiplatform E-Learning Systems and Technologies: Mobile
Devices for Ubiquitous ICT-Based Education. New York: IGI Global 2010.

 

12. Zyda M. From Visual to Virtual Reality to Games. Computer 2005;38 (9):25-32.

 

13. Lewis JR, Sauro J. The Factor Structure of the System Usability Scale. In: Kurosu M. (eds) Human
Centered Design. HCD 2009. Lecture Notes in Computer Science, vol 5619. Springer, Berlin,
Heidelberg 2009.

 

14. Sauro J. A practical guide to the system usability scale: Background, benchmarks & best practices.
Measuring Usability LLC 2011.

 

15. Bonett DG, Wright TA. Cronbach’s alpha reliability: Interval estimation, hypothesis testing, and sample
size planning. Journal of Organizational Behavior 2014;36 (1):3-15.

 



Page 11/14

1�. Haerling, KA. Cost-Utility Analysis of Virtual and Mannequin-Based Simulation. Simulation in
Healthcare 2018;13 (1):33–40.

 

17. Middeke A, Anders S, Schuelper M, Raupach T, Schuelper N. Training of clinical reasoning with a
Serious Game versus small-group problem-based learning: A prospective study. PLoS One 2018;13
(9):e0203851.

 

1�. Chon SH, Timmermann F, Dratsch T, Schuelper N, Plum P, Berlth F, Datta RR, Schramm C, Haneder S,
Späth MR, Dübbers M, Kleinert J, Raupach T, Bruns C, Kleinert R. Serious Games in Surgical Medical
Education: A Virtual Emergency Department as a Tool for Teaching Clinical Reasoning to Medical
Students. JMIR Serious Games 2019;7 (1):e13028.

 

19. Zackoff MW, Real FJ, Cruse B, Davis D, Klein M. Medical Student Perspectives on the use of
Immersive Virtual Reality for Clinical Assessment Training. Acad Pediatr 2019;19 (7):849-851.

 

20. Chon SH, Hilgers S, Timmermann F, Dratsch T, Plum PS, Berlth F, Datta R, Alakus H, Schlößer HA,
Schramm C, Pinto Dos Santos D, Bruns C, Kleinert R. Web-Based Immersive Patient Simulator as a
Curricular Tool for Objective Structured Clinical Examination Preparation in Surgery: Development
and Evaluation. JMIR Serious Games 2018;6 (3):e10693.

 

21. Brooke J. "SUS: a "quick and dirty" usability scale". In P. W. Jordan, B. Thomas, B. A. Weerdmeester, &
A. L. McClelland (eds.). Usability Evaluation in Industry. London: Taylor and Francis 1986.

 

22. Zbick J, Nake I, Milrad M, Jansen M. A web-based framework to design and deploy mobile learning
activities: Evaluating its usability, learnability and acceptance. In: 2015 IEEE 15th International
Conference on Advanced Learning Technologies (ICALT) (pp. 88-92). IEEE Press 2015.

 

23. Chung H, Chen S, Kuo M. A study of EFL college students’ acceptance of mobile learning. Procedia -
Social and Behavioral Sciences 2015;176:333-339.

 



Page 12/14

24. Bangor A, Kortum PT, Miller JT. An Empirical Evaluation of the System Usability Scale. International
Journal of Human–Computer Interaction 2008;24 (6):574-594.

 

25. Bangor A, Kortum PT, Miller JT. Determining what individual SUS scores mean: Adding an adjective
rating scale. Journal of usability studies 2009;4 (3):114-123.

 

2�. Cohen D, Sevdalis N, Patel V, Taylor M, Lee H, Vokes M, Heys M, Taylor D, Batrick N, Darzi A. Tactical
and operational response to major incidents: feasibility and reliability of skills assessment using
novel virtual environments. Resuscitation 2013;84 (7):992–998.

 

27. LeRoy Heinrichs W, Youngblood P, Harter PM, Dev P. Simulation for team training and assessment:
case studies of online training with virtual worlds. World J Surg 2008;32 (2):161–170.

 

2�. Youngblood P, Harter PM, Srivastava S, Moffett S, Heinrichs WL, Dev P. Design, development, and
evaluation of an online virtual emergency department for training trauma teams. Simul Healthc
2008;3 (3):146–153.

 

29. Funke K, Bonrath E, Mardin WA, Becker JC, Haier J, Senninger N, Vowinkel T, Hoelzen JP, Mees ST.
Blended learning in surgery using the Inmedea Simulator. Langenbecks Arch Surg 2013;398 (2):335–
340.

 

30. Knight JF, Carley S, Tregunna B, Jarvis S, Smithies R, de Freitas S, Dunwell I, Mackway-Jones K.
Serious gaming technology in major incident triage training: a pragmatic controlled trial.
Resuscitation 2010;81 (9):1175–1179.

Figures



Page 13/14

Figure 1

Visual aspects of the virtual environment simulated by the OSCE 3D prototype. Note: (a) three-
dimensional space of a clinical skills laboratory; (b) medical o�ce and the detailed physical
characteristics; (c) interaction of the virtual patient with rotation and zoom; and (d) the interaction task
bar. Source: screens of the OSCE 3D prototype captured by the authors.
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Figure 2

Usability evaluation of the OSCE 3D prototype using the System Usability Scale (SUS) questionnaire by
undergraduate medical students (N = 39). Source: prepared by the authors.


