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ABSTRACT

Failure to follow do-not-do recommendations (also known as low-value practices) is one of the
causes of the lack of quality care in all health systems in all countries. Healthcare professionals
must be provided with information about these low-value practices that are still frequently
performed and their implications for patients and the healthcare system.

Continuous education is a key factor in this scenario, so that health students, health
professionals, and even patients are kept updated with the main do-not-do recommendations.
Gamified platforms are one of the most valuable options for continuous education, as they
combine learning efficiency with a high level of engagement for the students. Besides, the
effectiveness of gamification platforms can be improved by adding artificial intelligence
techniques.

In this paper, a novel gamified platform focused on improving knowledge about low-value
practices is proposed. Al techniques, as well as NLP tools are used to optimize the effectiveness
of learning by adapting the platform to each user, at an individual level. Besides, the
engagement of students is encouraged by their participation in a common project, namely the
creation of a specialized dictionary for do-not-do terms.

Hardware development is currently in progress. A basic gamification platform has already been
developed for the two main mobile operating systems. Developing IA and NLP techniques to
analyse the training outputs and make the platform adaptable to each student is progressing.

The proposed learning tool can significantly improve healthcare quality and be applied to many
other learning fields, particularly when continuous training is required.
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1. INTRODUCTION

Failure to follow do-not-do recommendations (also known as low-value practices, overuse,
overdiagnosis, overtreatment, non-recommended practices) is one of the causes of the lack of
quality care in all health systems in all countries. It concerns the provision of health services in
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circumstances where the potential risk of harming the patient exceeds the potential benefits [1],
representing a risk both for patient safety [2] and for the sustainability of health systems [3].

The volume of patients subjected to low-value practices varies, depending on the type of practice
and the country, between 1 and 80% [4]. The use of potentially unsuitable medicines might come
as high as 57.6% [5] in some studies. In terms of costs, in the USA, where 18% of gross domestic
product is spent on the health sector, overuse represents an additional annual cost which,
according to the most optimistic estimates [6], ranges from $75.7 to $101.2 billion, whereas other
studies put the figure at $158-226 billion [7]. In terms of damages to patients, the study presented
in [8] estimates that between 0.2% and 15.0% of hospitalized patients admitted suffering adverse
events because of low-value practices. In primary care, a study in Spain [9] estimated that
ignoring the do-not-do recommendations resulted in 5.1% of adult patients suffering adverse
events

Healthcare professionals must be provided with information about these low-value practices that
are still frequently performed and their implications for patients and the healthcare system.

Continuous education is a key factor in this scenario, so that health students, health professionals,
and even patients are kept updated with the main do-not-do recommendations. Previous research
[10] concluded that gamified platforms are one of the most valuable options for continuous
education, as they combine learning efficiency with a high level of engagement for the students.
Besides, the effectiveness of gamification platforms can be improved by adding artificial
intelligence techniques, as it is also stated in previous research [11].

The term gamification refers to the use of game attributes (mainly challenges and rewards) in a
non-gaming context, particularly in education (Game-Based Learning or GBL). When focused on
education, GBL techniques make use of games as assistant tools for learning, concept
assimilation or knowledge evaluation. One of the main advantages of GBL is its ability to capture
the user's attention, since it provides them with a fun and motivating environment. The game
presents the users with situations in which they must reflect and make the right decisions, solve
errors, and recognize mistakes. Attributes commonly found in gamification include scoring
systems, win/lose challenges, rewards, leader boards, and social elements.

Different gamification strategies have been previously used in healthcare education. The
effectiveness of these techniques has been widely analysed in multiple studies and reviews.
Among the more recent reviews, those presented in [12] and [13] agree on the main conclusion:
although rigorous studies are scarce, some of them report improvements, with respect to control
groups, in different aspects like knowledge, skills, satisfaction, changing learning behaviours and
improving attitudes towards learning.

There are multiple theories that can explain the reasons behind the success of gamification
platforms. Among them, the called Social Comparison Theory, which is related to the
introduction of scoring systems and leader boards [14]; the Experiential Learning Theory, which
states that being part of a game increases the feeling of experiencing new situations and improves
learning [15]; the Reinforcement Learning Theory, which explains that rewards and punishments
(common in computer Reinforcement Learning algorithms and also in games) allow students to
obtain more skills [16]; or the Self-Directed Learning, particularly for gamification platforms
where students can choose among different games or tests [17].

In all cases, part the benefits of gamification are also related to the additional development of a
social network for learners [18], where leader boards and scoring systems are complemented with
different ways of interaction between participants.
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An additional tool commonly used in leaning environments is Natural Language Processing
(NLP), which includes multiples techniques for the automatic processing of huge amounts of
textual information. Among the different applications of NLP, we will focus on information
extraction, sentiment analysis, and automatic translation. NLP has evolved considerably in the
last few years, mostly thanks to the development of Deep Learning [19]. More recently, the
concept of “attention” was introduced [20] and a new architecture emerged: the transformer.
Transformers are particularly well suited for translation tasks, where they clearly outperform all
previous approaches [21]. Among the main developments in this field, we can cite different open-
sourced NLP platforms, like BERT [22], ROBERTa [23] and BETO [24]. The availability of
open-sourced code for these platforms allows for an easy integration and extension of
capabilities.

It must also be considered that the combination of gamification and NLP is extremely beneficial
[25]. Basically, when NLP is complemented with gamification techniques, data gathering
becomes easier and all kinds of information extraction are improved. In fact, some gamification
platforms are designed with the only purpose of acquiring data for further NLP processing [26].

In this paper, a novel gamified platform focused on improving knowledge about low value
practices is proposed. Artificial Intelligence (Al) techniques, as well as NLP tools are used to
optimize the effectiveness of learning by adapting the platform to each user, at an individual
level. Besides, the engagement of students is encouraged by their participation in a common
project, namely the creation of a specialized dictionary for do-not-do terms.

The paper is structured as follows: First, the methodology used for content generation is
described in section 2. Sections 3 and 4 present the gamified learning platform developed and a
proposal for improving student engagement, respectively. Software development is detailed in
section 5; and section 6 analyses the data that can be gathered during platform usage. Finally,
some conclusions are summarized in section 7.

2. CONTENT GENERATION

Content selection was performed through searches for do-not-do recommendations in different
scientific societies and initiatives such as “choosing wisely”. The following sources of
information were used:

American Academy of Orthopaedic Surgeons
American Academy of Ophthalmology

American College of Surgeons

American Society for Transplantation and Cellular Therapy
Cell Therapy Transplant Canada

American Society of Haematology

American Society of Paediatric Haematology Oncology
American Society of Haematology

American Society of Nuclear Cardiology
Appropriateness Evaluation Protocol

Choosing Wisely initiative

Besides, at a national level, 24 additional Spanish scientific associations were also searched for
extra recommendations.

Next, recommendations were converted to teaching material for the gamification platform. The
material as questions of different complexity: from short sentences that must be marked as true or
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false to practical cases which will need a reasoned answer. In all cases, a reward for the correct
answers is established. A total of 186 questions or challenges were created.

To improve the learning efficiency, each question was complemented with a detailed explanation
for the students, which was shown after they answered, either correctly or incorrectly.

3. RECONFIGURABLE GAMIFIED PLATFORM

The basic behaviour of a gamified learning system is depicted in figure 1, where the three main
components (learning system, gamification elements or rewards, and social network of students)
are represented. Basically, by carrying out the tasks, assignments, tests, or games, the students are
rewarded with different rewards.
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Figure 1. Basic behaviour of a gamified learning platform

We propose to add a continuous evaluation of 1) effectiveness and 2) engagement for each
student. This evaluation will be based on all information gathered during training: first, learning
results but, also, information extracted via natural language processing (NLP) form the
participation of the student in the ad-hoc created social network, which may even include
sentiment analysis. All data will be combined by means of artificial intelligence techniques (Al)
to infer the best adaptation of the gamification scheme to offer optimized learning performance at
the individual level. The proposal is represented in figure 2.

The items that can be adapted to each student are:

e Question level adjustment: should be adapted depending on the previous results of each
user.

e Question types: some users may prefer challenges, other may prefer tests, etc. The same
concept can be acquired using different question types.

e Level of gamification: some of the game-related elements (medals, trophies, sounds,
animations) may be excessive for certain users.

Basically, two types of information are fed to the A.l. algorithms: evolution of the platform
evaluation by users (which directly correlates to the suitability of the adjustments for those
users); and textual information extracted from the interactions between users, which is analysed
through NLP to indirectly detect levels of satisfaction. These NLP techniques include sentiment
analysis, among other searches for keywords representing the acceptability of the platform.
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A closed-loop control system continuously monitors the information received and adjusts the
platform. This process is transparent for the users.
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Figure 2. Our proposal of reconfigurable learning platform

4. IMPROVING ENGAGEMENT

To obtain more value from the system, and to increase the engagement of the students, all
participants become part of a collaborative project whose objective is to create a dictionary
specialized in “do-not-do” terms. Assuming that students from different countries may use the
learning tool, each participant will be encouraged to add new items (new translations) to the
dictionary (from English to their mother tongues), as well as to evaluate the other participants’
translations. Both actions will be rewarded in the gamified platform in order to engage students.
The dictionary will be used to train an automatic translation system via NLP and transformers.
Besides being a means to engage students, this automatic translation system will finally become
an extra source of information for all students, thus creating a learning system that evolves and is
partially self-maintained. A schematic representation can be found in figure 4.
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Figure 3. Collaborative creation of a specialized automatic translation system via NLP and transformers
5. SOFTWARE DEVELOPMENT

Software development is currently in progress. A basic gamification platform has already been
developed for the two main mobile operating systems and can be downloaded from the store of
Apple (for iOS devices) and Google (for Android devices). So far, they have been developed as
native applications, which implies a specific development for each operating system. Future work
includes a reengineering of the platform in order to develop a hybrid application that can run on
both operating systems (Android and iOS), as well as in web browsers, in order to allow students
to use it from their mobile devices and also from their computers. The IONIC platform [27] can
be used for this purpose.
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The development of IA and NLP techniques to analyse the training outputs and make the
platform adaptable to each student are still under development. The automatic translation system
(fed from the collaborative-created dictionaries) is based on open-sourced code available as a
Python API [28].

6. DATA TO GATHER
The data to be collected during the use of the platform includes:

e Demographic, but not identification-capable, data: gender, age, medical specialty, and
years of professional experience (the latter two, only for professionals).

e (Game usage: questions answered, results, awards.

e Social network interactions, in order to apply NLP techniques to extract information,
particularly sentiment analysis.

e Contributions to the collaborative dictionary.

Provided that the registered data will not include any identification-capable information, all these
data available for further research, following the recommendations of the MareData network [29]
and fulfil the FAIR Data Action Plan, as proposed by the European Commission [30] In brief, the
data will be made available to researchers fulfilling Findability, Accessibility, Interoperability
and Reusability.

7. CONCLUSIONS

The training of medical students and professionals in the field of low-value practices can have an
important impact on the improvement of healthcare quality, as well as in the reduction of adverse
effects and the reduction of health care costs, by avoiding overuse of medicines and medical tests.
Engagement of students is crucial for increasing the effectiveness of training, particularly when a
continuous training is required. The proposed learning platform is focused on reaching high
engagement levels, since 1) it is based on a gamified environment, which per-se enhances
engagement; 2) includes an adaptative behaviour to adapt to each student at the individual level,
and 3) adds a collaborative project where all students are encouraged to participate to obtain
additional rewards.

The proposed learning tool, which is centred on training on low-value medical practices, can be
applied to many other learning fields, particularly when continuous training is required.
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