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Abstract: Traditional academic education is not sufficient in adult education and not 
adequate for teaching either technical skills or medical skills. In recent years, espe-
cially in times of the Covid-19 pandemic, the research and teaching staff have 
experienced problems related to the lack of interest and decreased motivation, 
concentration disorders, and the deterioration of the quality of communication 
and interpersonal relationships in students. The aim of the study is to develop a new 
concept on the use of gamification in biomedical engineering aimed at improv-
ing the quality of academic teaching. The main slogan of the proposed game 
is Orthopedic engineering and pathology, which is part of an educational module 
called Introduction to biomedical engineering. The presented approach is supported 
by an online educational platform including gaming resources available to create 
an innovative biomedical engineering itinerary. The result of these works leads 
to the creation of a multi-layered system of interactive means of teaching, which 
include the use of 3D games designed in the form of escape rooms, and augmented 
and virtual reality tools for the display and interaction with surgical instruments. 
In addition, a foreseeable map of interconnected topics will be made available 
to students as a direct and deliberate practice of increasing awareness of the pos-
sible directions of development, as well as to let students plan out their own route 
in order to achieve similar and expected results. Further development of the teach-
ing tools is planned for the upcoming year, as the implementation of the mentioned 
tools will be done with selected students from each university.
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11.1. Introduction
Traditional academic education, mainly teacher-centered and based on reading, lis-
tening, or watching, this time seems to be insufficient in adult education and inade-
quate for teaching either technical skills or medical skills. In recent years, especially 
in times of the Covid-19 pandemic, the research and teaching staff experienced prob-
lems related to the lack of interest and decreased motivation, concentration disorders, 
and the deterioration of the quality of communication and interpersonal relation-
ships in students [1, 2]. It may indicate that the education process must be changed 
by moving from traditional educational methods and forms to those experience-ori-
ented and collaborative and taking into account the features of the digital genera-
tion. In the digital generation, the educational process in medical and technical sci-
ence needs to evolve beyond traditional approaches and infuse new tools and media 
into the curriculum. The new approach in education may be gamification, which 
seems to be desirable by a digital generation who are looking for new sensations [3, 
4–8] and spend a lot of time playing and participating in virtual communities [9, 10]. 
Gamification in the education process should use different mechanisms including 
remote education, classroom technologies, avatar-based self-representation, narra-
tive storylines, and tutorials [1, 2].

Within the last years, technology-enhanced active learning and multimedia applica-
tions have been developed. Moreover, many organizations supported training systems 
by elaborating gamification solutions to improve skills that include digital literacy, cre-
ativity, and complex thinking. The literature, offers many examples of the use of gami-
fication applied in the academic environment. They are usually concerned with indi-
vidual courses and educational platforms [11, 12], and focus on the analysis of players’ 
behavior during the game and the impact of the use of game mechanics on the results 
of teaching or measuring student involvement in the teaching process [8, 13–16].

One of the significant challenges in the field of biomedical engineering is the devel-
opment of effective tools for the development of research and teaching staff by increas-
ing their digital competencies in the higher education system. Biomedical engineering 
is considered an interdisciplinary science focused on advances in technology and med-
icine development to improving human health. It applies the principles and problem-
solving techniques of engineering to biology and medicine. Technical and medical 
universities are currently facing a shift in their teaching paradigm in both fields of med-
icine and biomedical engineering. The increasing amount of information and research 
makes it difficult for biomedical engineering education to stay current in its curriculum. 
Moreover, many professionals need practical experience without endangering them-
selves and others. Innovative approaches and modalities for education in biomedical 
engineering are constantly sought after to improve teaching and learning. Taking into 
account that biomedical engineering students are young and keen on technologies, 
games can be used in biomedical engineering education [3, 4].

The aim of the study is to develop a new concept on the use of gamification in bio-
medical engineering aimed at improving the quality of academic teaching.
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11.2. Methods and results
The main slogan of the proposed game is Orthopedic engineering and pathology, 
which is part of an educational module entitled Introduction to biomedical engineer-
ing. The presented approach is supported by an online educational platform including 
gaming resources available to create an innovative biomedical engineering itinerary.

The game is a conglomerate of various types of tasks using the university’s infra-
structure and people associated with it (students, medical doctors, teachers) includ-
ing traditional tasks, identifying places, identifying people, finding an artefact, doing 
a specific job, etc. Solution sub-tasks are arranged into successive tasks (e.g. grad-
ual shading of the image, which is another puzzle). The game comes to be more 
and more difficult and complicated levels. The game adapts the classical elements 
of game mechanics: points, levels, and badges. Players will receive bonuses not only 
for completing tasks but also for additional, even simple activities, e.g. posting a com-
ment on social media, or answering a question about studies or university.

Gamification has been widely used in the medical field of practice and higher 
education, as has – for the most part – resulted in modern technical advancements 
for the many branches of associated with it. Simulations made it possible to create more 
sophisticated human computer interaction solutions for modern medical procedures, 
as was the case for the intuitive surgical robot “Da Vinci” by Intuitive Surgical, Inc. 
With the adaptation of game driven simulators and advanced interactive game pads, 
the first prototype of the world-renowned surgical platform was made possible [17].

The scope of the project is prioritized in three important aspects; accurate repre-
sentation of traditional educational programs, ease of use by new users – i.e. students, 
and scalability. The challenge associated with the first is the problem of concentrat-
ing a seemingly limitless library of case studies, content and variations, as the speci-
ficity of the medical field is as vast as the number of patients with a given issue [18]. 
In order for games to be able to be classified as playable, a predictable and replicable 
experience should be designed in such a manner that each and every player can expect 
to encounter similar problems and try to propose further similar solutions, which 
in the case of the highly individualized medical cases in patients may seem imprac-
tical. As a result of this, a detailed set of cases was configured so that both the needs 
of the vast library of possibilities could be covered on the most part, as well as the entry 
level experience of some users (students) could be within reach of the primary stages 
of play. Along with covering as many details as it would be practical, the game would 
have to remain interesting enough so that players would recognize the platform as both 
a learning tool and a means of personal development.

One of the main methods used to organize the ongoing work of translating a tra-
ditional course syllabus into an understandable and predictable database was the use 
of technology trees. Through active adaptation and the use of cause and effect rela-
tionships between certain topics of a given course, a visually understandable and relat-
able map is created in order to both plan and foresee the different paths a player can 
take in order to reach the same final destination as the other players [19]. In the case 
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of the traditional approach, students carry out learning sequences in a linear fashion, 
often with multiple subjects and fields at the same time, with possible relationships 
being addressed at the further stages of a given course. In the case of the gamified 
approach, players can see the nonlinear and divergent vectors of approach which they 
can freely define and modify in the course of the semester as well are able to foresee 
possible alternatives to their strategy (Fig.11.1) [20].

FIGURE 11.1. Comparison of a traditional approach and technology tree approach of a simulated 
semester of a college course

Having chosen such methods of content organization, it became clear that the cru-
cial stage of the development would revolve around the logical allocation of game-time 
to element ratio throughout the span of the technology tree. A well designed and devel-
oped game has consequential ratios at different stages of the evolution of the technol-
ogy tree, most of which reflect the game design style and theme. Fast-paced games 
would generally favor a slow movement through the stages of the tech tree as a buff-
ering measure to ensure that the game is not finished too quickly, while slow-paced 
strategy games tend to favor a somewhat fast-paced evolution rate throughout game 
play to ensure that the game stays appealing and involving to the player base.

In the case of this project, a relatively fast-paced advancement was put in place 
in addition to other measures to allow the game to keep the student player base 
involved in the game and to increase random non-crucial character development 
practices to be ready to be put in place. Such actions would include side tasks that 
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do not necessarily make substantial contributions to the knowledge about the topic, 
but instead involve the player in the game itself. Examples of such would be charac-
ter customization, fun trivia quests and quizzes, peer-to-peer trading and commu-
nication via the platform, in game “easter egg” [21] hunts, and time events regarding 
seasons/times of the year. More importantly than side tasks, the importance to keep 
the player evenly involved in the game is just as important as the quality of the con-
tent made available in the database itself [22]. 

While somewhat easy at the beginning of the course, the ability to upkeep the sta-
tistics throughout the span is one of the harder challenges for game designers. The ini-
tial rush of new content featured in the game loses its glamour after a while and if not 
dosed correctly, could lead to monotonous labor like struggle to finalize the game [23]. 
In order to combat this effect, the mentioned game will host several elementary fea-
tures that will become apparent only after a set amount of time has been spent playing. 
Some of these will include surprise mechanics, time-based events, such as challenges 
and bonus content, and monthly winners based on scoreboards. Although at this 
point in time these functions are still under development, their usage is widespread 
in online gaming communities, as certain games are almost solely based on constantly 
evolving themes and the content of a given game.

Teaching content in the game will revolve around the commonly accessible mate-
rials made available to university domains. Most of these materials are in the form 
of texts, graphic representations, 3D models, pictures and audio-visual files, and so 
their implementation into the game will focus primarily on the use of such. While 
the use of fully animated and interactive elements in games may be a standard, 
it is imperative to point out that the sheer amount of content that will be placed 
within this teaching game would render a seamless online play undoable due to per-
formance issues. Along with technical problems, the necessary manpower and labor 
needed to create such a game is beyond the scope of the research project, and so certain 
simplifications will need to take place in order for the game to be delivered on time. 
For example, the use of 3D models may be limited to the ability to host observable 
and roughly interactive models (move, rotate, zoom, take snapshot, comment). In other 
cases, video materials would be converted to specific cuts to reduce the file size, but 
with links to the full video made readily available via a third party video streaming 
service. Large text fields would also become reedited to better suit the game, with full 
text alternatives being made available if necessary in a separate window or module. 
The purpose of such drastic simplifications of highly complex and specialized con-
tent is to minimize the loss of interest within the player base but at the same time 
as a modernized method of conveying condensed information with the ability to reach 
for more information if needed. 

Teaching materials would be layered so that the topmost firstly visible informa-
tion would be understandable by most beginner-leveled users, but with the imple-
mentation of more and more sophisticated and detailed examples, would allow 
more intent students to have a tailored dose of information for their specific need 
and requirements [24]. Players who would reach for the more in-depth “layers” would 
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be awarded through a point system for going beyond the minimum requirements, 
which in a given academic term would promote the less intent students to put more 
effort in the long run. 

The scalability of this project is also one of the main aspects, as each partnering 
university would have to adapt their collected content and syllabus to best fit the still 
to be set example. In order to better prepare for the upcoming contextual setup, part-
nering universities were given an example technology tree layout based on a very sim-
ple procedure – baking challah bread. By writing out a relatively simple procedure 
such as a baking recipe, partnering universities would be able to relate to the topic 
and adapt their highly specialized courses into the mentioned tech tree system, as well 
as to foresee any complications further down the road as a result (Fig.11.2).

FIGURE 11.2. Technology tree as an example based on the approach of making challah bread

As seen above, the relatively simple process of following a recipe could be extended 
into a more complex learning experience with an in-depth curriculum as well as a basic 
insight into certain topics. This model could be adapted to any field of medicine as well 
as any college course in general, as it is made out of modular and easy to understand 
sections that can be of linear fashion or more complex dependencies between cho-
sen sections.

In addition to the planning and coordination aspect of this educational game 
design for medical students, a peer-to-peer rivalry system is also introduced into 
the mainframe, as a motivational and integration aspect of gamification [25]. By using 
a point system that gratifies each player after completing a certain task, multi-level 
competitive interaction will take place during the span of the course. Local level com-
petitiveness would take place within small groups in accordance to the standard univer-
sity procedures, in which top students would be rewarded with such bonuses as more 
time on timed tasks, the ability to use notes during an exam, or anything the course 
moderators would deem necessary and acceptable. The next levels of competitiveness 



149

would bring forward the best of the local levels as well as reward those that excel at cer-
tain time events/tasks as an additional motivational factor. The last and most global 
level of competitive learning would bring out the best of the best and grant the high-
est levels of rewards as well as allow for special gratification by the hosting university. 
The promotion of excellence and positive reinforcement at several levels of the popu-
lace [25] are just some of the important features that the gamified system will host. 
The final product may vary slightly between consortium partners, as the system has 
lenience towards interpretation and modifications, but the framework should allow 
for seamless adaptation to any and all fields of research and teaching.

11.3. Summary
The existing studies on games and virtual patient simulations for biomedical engineer-
ing education measure domains of engagement: student satisfaction, flow (fun, enjoy-
ment, and concentration), and variety. Well-designed games keep students engaged 
and facilitate progression through difficult tasks, specifically in different aspects: strate-
gizing, collaborating, decision making, competing, evidence gathering, reviewing feed-
back, and reflecting. Real-World Application Games and virtual patient simulations may 
be designed to allow students to solve real-world problems. Contextualizing patient-
case practice allows students to safely apply medical theory to a specific instance, some-
times mediated by a mentor. While students benefit from deliberate practice in risk-
free environments, educators benefit from the analytics (scoring systems, statistical 
reports) offered by games and virtual patient simulation platforms.

The presented works are part of an ongoing process of implementation, trial 
and error, as well as refining predicted outcomes of higher engagement in the given 
curriculum. Having conceptualized and created the basic mainframe, the authors will 
proceed with further development and use in the upcoming semesters with bio-engi-
neering students from partner universities. If applied appropriately, the results should 
favor the use of gamified means of the teaching methods and will provide a basepoint 
of ongoing development of the teaching tools and a practical approach to the evolv-
ing interactive means of holding classes and conveying knowledge.

With similar levels of importance, it should be noted that the above described skill 
tree approach is of the greatest importance in this paper, as the development of any 
and all further tools will be based on it. A gamified approach to the course syllabus 
will improve students’ understanding of the upcoming sections, their relationship 
to other topics/sections of the course, as well as allow them to foresee a possible direc-
tion of growth for the span of a given semester. This in turn should grant students 
the ability to better prepare for the nearing topics and make it easier to understand 
the reason for such paths of progression.

All in all, the field of gamification for biomedical engineering education is innova-
tive and dynamic. Gamified training platforms, mobile applications and virtual patient 
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simulations can be used in biomedical curricula to real-world application, clinical 
decision-making, distance training, learning analytics and swift feedback. Rigorous 
research regarding the effectiveness of games, simulations, and mobile applications 
for health care learning is still in its infancy. Games and gamification elements should 
introduce fun and excitement in stressful environments. Well-designed games are 
cognitively challenging. They should keep students engaged and facilitate progression 
through difficult tasks. Games should support the need for adult learners to inventory 
and master short-term and long-term aims by breaking activities into a series of net-
working activities that are varied and interesting. These tasks should engage learn-
ers in different aspects of a serious play, such as strategizing, collaborating, decision-
making, competing, evidence gathering, reviewing feedback, and reflecting.
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