pHealth 2022
B. Blobel et al. (Eds.)
© 2022 The authors and 10S Press.

This article is published online with Open Access by 10S Press and distributed under the terms

of the Creative Commons Attribution Non-Commercial License 4.0 (CC BY-NC 4.0).
doi:10.3233/SHTI220979

177

Characteristics and Subjective Evaluation

of an Intelligent Empowering Agent for
Health Person Empowerment

Marco ALFANO®!, John KELLETT®, Biagio LENZITTI® and Markus HELFERT®*

2 Innovation Value Institute, Maynooth University, Maynooth, Ireland
®Dept. of Emergency Medicine, Hospital of South West Jutland, Esbjerg, Denmark

¢Dipartimento di Matematica e Informatica, Universita di Palermo, Palermo, Italy

Abstract. Empowerment is a process through which people acquire the necessary
knowledge and self-awareness to understand their health conditions and treatment
options, self-manage them, and make informed choices. Currently, few stand-alone
applications for patient empowerment exist and people/patients often go on the Web
to search for health information. Such information is mainly obtained through
generic search engines and it is often overwhelming, too generic, and of poor quality.
Intelligent Empowering Agents (IEA) can filter such information and assist the user
in the understanding of health information about specific complaints or health in
general. We have designed and developed a first prototype of an IEA that dialogues
with the user in simple language, collects health information from the Web, and
provides tailored, easily understood, and trusted information. It empowers users to
create their own comprehensive and objective opinion on health matters that concern
them. The paper describes the IEA main characteristics and presents the results of
subjective tests carried out to assess the effectiveness of the IEA. Twenty-eight
Master students in Digital Health filled an online survey presenting questions on
usability, user experience and perceived value. Most respondents found the IEA
easy to use and helpful. They also felt that it would improve communication with
their doctors.
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Introduction

Although digital transformation in healthcare is accelerating, there is still a disconnect
between current healthcare, that is focused on disease management, and a more holistic
approach that looks at the health and wellbeing of the whole person [1]. The latter
approach aims at empowering people by improving their comprehension of their health

so that they can manage it better [2, 3, 4]. To be empowered people/patients must:

1. have the necessary knowledge and self-awareness to understand their

conditions and treatment options;

2. be able to make informed and conscious health choices (i.e., decide);
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3. actively manage, with or without advice from medical professionals, their

health and well-being (i.c., act).

Currently few stand-alone applications for patient empowerment exist [1] and
people often go on the Web to search for health information [5]. However, Web
information is mainly obtained through generic search engines and it is often
overwhelming, too generic, outdated, and of poor quality [3, 5, 6]. Although Artificial
Intelligence (AI) could play an important role in health empowerment, it often empowers
machines rather than people (e.g., self-diagnosis apps tend to be substitute doctors and
keep patients as passive recipients) [7, 8].

By combining the potential of Al with the vast amount of health information
available on the Web, we sought to facilitate the person/patient empowerment process
by providing the user with tailored health information taken from the Web that is
trustworthy and easily understood [9]. This is realized through the creation of an
Intelligent Empowering Agent (IEA) that interacts with users to understand their
information needs, retrieves and customizes health information from the Web (by means
of an Al algorithm), and presents the user with a tailored, intelligible, and trustworthy
output that facilitates his/her comprehension, thus empowering wise health decisions.

This paper describes the main characteristics of the IEA and reports a subjective
assessment of an IEA prototype made by 28 students of a Master on Digital Health. This
assessment has been performed to evaluate the usability, user experience and perceived
value with the IEA and receive feedbacks on how to improve it.

1. Methods
1.1. IEA Description

The components of an IEA are:

a) User query
The user selects a complaint from a list or directly enters it as free text.

b) User profile
The user profile is constructed from each user’s current health status (e.g.,
symptoms and/or conditions), background health status (e.g., sex, age, gait, BMI,
comorbid illness, etc.), and lifestyle information (e.g., sleep, drugs, meal
composition, etc.).

¢) Search engine
The search engine retrieves health information from the World Wide Web and
Semantic Web (e.g., health-lifesci.schema.org), other health information
repositories, and internalinformation coming from previous searches (anonymized).

d) AI algorithm
The Al algorithm takes the health information collected by the search engine and
chooses the most relevant one by using machine learning and decision tree
mechanisms. The information is selected according to the following criteria [10],
[11,12]:
e Language complexity, to provide users with information that they can easily

understand.
e Information quality, to provide users with current, accurate, trustworthy, and
unambiguous information.
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e Custom information, to provide users with tailored content (considering the
user query and user profile).
e) Output presentation
Tailored relevant health information is provided on complaints (definitions of and
relatedelements), diseases (definitions of and related elements), tests (descriptions
of and related elements), and external information sources. A “traffic-light”
coloring coding (i.e., red, amber, or green), that implies the need for an urgent
consultation with a healthcare professional, is also provided.

1.2. IEA Implementation

A first IEA prototype, the Conversational Health Agent for Person Empowerment
(CHAPE) has been developed. It can be accessed at http://cohealth.ivi.ie/chape. Once
the user inputs age and sex, CHAPE provides a list of possible complaints that can be
easily understood by a non-health literate user. Depending on the complaint selected and
the user’s profile characteristics, a further sub-list of possibly related complaints is
presented, to help define the primary complaint more precisely (Figure 1).

Select age Select sex

® Male O Female

Indicate the problem
Pain mion — |

Or type in a complaint

Figure 1. CHAPE interface allows users to specify their complaints in an easy and natural way.

The IEA then uses the information retrieved from the Web and organized by the Al
algorithm to provide the information window shown in Figure 2.

Sharp abdominal pain (Complaint)

Description

Figure 2. Output window with tailored, trustworthy, and simple information about the searched element.
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1.3. IEA Subjective Tests

We have run some subjective tests to evaluate the effectiveness of CHAPE and determine
features that need to be improved, ethical approval for which was obtained from
Maynooth University. CHAPE was presented to a workshop of employees of the Irish
Health Service Executive Agency studying for a Master on Digital Health. These
students were asked to use CHAPE and fill an anonymous online survey
(https://ec.europa.eu/eusurvey/runner/Chape _initial). The survey had four sections: 1.
non-sensitive user-profile information, 2. questions on the usability, user experience and
perceived benefit of the system, 3. desired additional features, and 4. other feedbacks.
Agreement with specific questions in the survey was expressed in a 1-5 Likert-type scale
as follows: 1= strongly disagree, 2= disagree, 3= undecided, 4= agree, 5= strongly agree.

2. Results

Participants

Overall, 28 responses were obtained from 20 females and 8 males, 6 with an age range
19-40 years and 22 with an age range 41-60 years. For what concerns the medical
knowledge, 1 had none, 3 had basic knowledge, 4 had average, 14 had good and 6
excellent. For what concerns the computer skills, 1 had basic skills, 6 had average, 14
good, 6 excellent and 1 did not answer.

Responses:

In terms of usability, most respondents found CHAPE interface clear and helpful in
identifying health information about complaints, diseases, and tests (Table 1). In terms
of user experience, most respondents could better understand their complaints and related
diseases and tests (Table 2). In terms of perceived value, the majority of respondents
found that CHAPE would improve communication with their doctors (Table 3).

Table 1. Responses to “How easy to use do you find CHAPE?” question.

Statements No of respondents (and %) who
agree or strongly agree

| find the CHAPE interface clear and easy to understand 23 (82.1%)

CHAPE helps me to identify my problem/complaint 18 (64.2%)

CHAPE helps me to identify diseases related to my complaint 21 (75%)

CHAPE helps me to identify tests related to my complaint 22 (78.5%)

CHAPE helps me to identify web information related to my 23 (82.1%)

complaint

| think that CHAPE is simple and can be used without priorknowledge 17 (60.7%)

| find that CHAPE is fast in responding to my input 24 (85.7%)

Table 2. Responses to “How helpful do you find CHAPE?” question.

Statements No of respondents (and %) who
agree or strongly agree

After using CHAPE | understand my complaints and diseases better 17 (60.7%)

CHAPE helps me to understand tests related to my complaint 21 (75%)

CHAPE helps me to improve my overall comprehension of 20(71.4%)
complaints and diseases

The websites that CHAPE provides me to explore further health 23 (82.1%)
information are useful for me

I consider the information provided by CHAPE trustworthy 15 (53.5%)

| consider the information provided by CHAPE relevant to me 18 (64.2%)
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Table 3. Responses to “Which of the following statements apply to you?” question.

Statements No of respondents (and %)
CHAPE encourages me to take a more active interest in my healthand 14 (50.0%)
wellbeing

CHAPE helps me to improve communication with my doctor 17 (60.7%)

CHAPE helps me to improve my health 12 (42.86%)

In terms of additional features and other feedbacks, six respondents recommended
to expand the user profile with others health parameters and improve interaction with the
system by adding a graphical or tactile interface, photo recognition, and a choice history.
Three respondents suggested to add clinical terminology like SNOMED and extracting
insights from the gathered information such as population health. Some concerns were
expressed on the lack of complaints details (1 respondent), an overly simplified problem
section (1 respondent), and the used language not suitable for users with a low level of
medical knowledge (1 respondent).

3. Discussion

CHAPE has been designed and implemented to provide relevant, trustworthy, and easy-
to-understand health information about complaints and diseases to facilitate
people/patients’ empowerment.

The literature presents few studies that link person/patient empowerment to
intelligent agents and these are quite different from CHAPE: Issom et al. [13] present a
chatbot that focuses on the self-care of Sickle-Cell Disease without addressing the
comprehension step; Macedo et al. [14] present a chatbot that provides information,
created by healthcare professionals, to people with Parkinson’s Disease; latraki et al. [15]
present a health information recommender (with manually created information) for
cancer patients; Yadav et al. [16] present an Al-driven mobile application that predicts
cases of anemia and thalassemia, designed for use by healthcare professionals and not
by patients. All these above applications focused on specific diseases and provided
manually edited health information. In contrast, CHAPE allows the user to choose from
different complaints and diseases, and automatically collects information, appropriate to
the user’s needs, from the entire Web. Furthermore, the subjective test have shown
CHAPE’s effectiveness in terms of usability, user experience and perceived value.

4. Conclusions and Future Work

This paper has presented the characteristics and subjective evaluation of an Intelligent
Empowering Agent (IEA) that provides relevant, trustworthy, and easy-to-understand
health information to facilitate people/patients’ empowerment. Subjective testing
showed that the IEA is easy to use and helpful, and the majority of respondents
considered it would improve their communication with healthcare professionals.

To test it on a wider demographic, the user interface is being redesigned to be more
conversational (chatbot like) and include more user profile information, such as gait,
body type, nutritional status, comorbidities etc. Complaints and diseases are being
associated with Concept Unique Identifiers (CUI) of the Unified Medical Language
System™ to map them to standard terms taken from medical-term classifications such
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as ICD-9, ICD-10, or SNOMED. How information is gathered and filtered out will be
explicitly explained to improve trustworthiness. Although user input is anonymous, users will
be provided with an option to grant or withdraw informed consent to use their data.
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