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Abstract. A patient, nowadays, acquires on-line health information mainly by
means of a search engine. Generic search engines have been shown to be limited
and unsatisfactory, at times, because of their generic searches that overload users
with the amount of results. Moreover, they are not able to provide customized
information to different types of users. At the same time, specific search engines
mostly work on medical literature and provide extracts from medical journals that
are mainly useful for medical researchers and experts. As a consequence, the found
health information may or may not help a user (mainly a non-expert one) for a
full comprehension of what he/she is looking for (e.g., a condition, a therapy or a
drug). This may negatively affect his/her empowerment process and the interac-
tion with healthcare professionals such as doctors. This work presents a custom
search engine, FACILE, that allows to overcome the limitations discussed above
by facilitating finding and comprehension of on-line information and thus pos-
itively affecting the empowerment process and communication/interaction with
healthcare professionals. A user, both a medical expert or non-expert, can specify
his/her information requirements in terms of language level, specific information
searched, and information quality. FACILE will provide the links to the web pages
that comply with such requirements. In particular, FACILE will provide links to
web pages with different language levels (simple or complex) and, for each link,
the response page will show the requested specific information (condition, therapy,
drug, etc.) and a graphical indication (0-5 stars) of the information quality.

Keyword: Digital health patient empowerment - Patient-doctor communication -
Health information seeking - User requirements - Structured data - Search engine

1 Introduction

Health empowerment of people and communities is part of the “Framework on inte-
grated people-centred health services” of WHO [1] and drives towards a paradigm shift
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on the relation between patients/citizens and health. Empowered people/patients have the
necessary knowledge, skills, attitudes and self-awareness about their condition to under-
stand their lifestyle and treatment options, make informed choices about their health and
have control over the management of their condition/health in their daily life [2-9].

The acquisition of medical/health information is a basic step in the empowerment pro-
cess and the main source of health/medical information is, nowadays, the Web [10-13].
Search engines are the main tools used to retrieve information from the Web [14, 15].
However, generic search engines do not make any distinction among the users and over-
load them with a huge amount of information that is often outdated and of poor quality.
Moreover, the Web is full of information not easily understandable by users such as
patients/citizens because they lack a specific expertise in the health domain. Specialized
search engines (PubMed' or Cochrane Library”) mainly work on medical literature and
are quite complex for generic users, and especially the elderly ones. Finally, specialized
health/medical websites (e.g., WebMD?3, MedlinePlus*, or Health on Net Foundation
Select’) are mainly built by hand so presenting a limited and often outdated amount of
information (compared to what is available on the Web). In addition, they are often not
free.

The retrieval of health information from the Web requires a communication process
between a user and a search engine. Notice that a “complete” communication process,
usually, entails different levels of communication. Many communication models exist in
the literature and a very famous model (if not the most famous) is the one introduced by
Morris in relation to his theory of signs [16]. It is made up of three levels, i.e., syntactic,
semantic, and pragmatic and it has been used in several works dealing with human
communication [ 17-19]. Shannon and Weaver looked at other aspects of communication
and presented a mathematical theory of communication that is focused on information
transmission [20]. Even though they were mainly dealing with the technical aspects
of communication, they introduced other two levels above the technical one, i.e., the
semantic and effectiveness levels, that are influenced by the technical level.

This syntactic-semantic-pragmatic communication model can be used, in princi-
ple, for human-to-human communication (e.g., Patient-Doctor) whereas the technical-
semantic-effectiveness communication model can be used for human-to-machine com-
munication (e.g., Patient-Web), as shown in Fig. 1. Unfortunately, these communication
models are not fully used for both Patient-Doctor communication (very often doctors use
a technical language that is too complex for patients) and Patient-Web communication (a
search engine only works at the technical level by retrieving web-page addresses based
on user keywords). Even worse, the two communication processes often aim to oppo-
site directions. In fact, when a patient looks for medical information on the Web before
seeing a doctor, this often leads to the infamous quarrel between patients and doctors
during the visit [21]. The Patient-Doctor and Patient-Web communication processes are,

1 https://pubmed.ncbi.nlm.nih.gov/.

2 https://www.cochranelibrary.com/.

3 https://www.webmd.com/.

4 https://medlineplus.gov/.

5 https://www.hon.ch/HONselect/index.html.
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in this case, contrasting each other and, surely, are not coherently contributing to the
overall comprehension process of health conditions, treatments, etc., by patients.

Effectiveness Pragmatic

Semantic Semantic

Technical Syntactic

Lo &

Fig. 1. Patient-Web and Patient-Doctor communication models.

Interestingly enough, the two models have been connected by [22] and an equivalence
between the terms at the three levels has been established, in practice. We can then
consider an integrated communication model that presents the following levels (with
the semantic term that has been associated with meaning as indicated in [23]):

e Pragmatic-Effectiveness: How effectively does the received information affect
behaviour?

e Semantic-Meaning: How precisely is the meaning conveyed?

e Syntactic-Technical: How accurately can the information be transmitted?

The objective is then to allow Patient-Web and Patient-Doctor communication to
harness the three levels of the communication model and to aim to the same direction for
the benefit of the person/patient. As seen above, the communication/interaction between
a human user and a generic search engine only involves the syntactic-technical level by
retrieving Web-page addresses (URLs) based on the keyword(s) specified by the user.
A generic search engine has not been designed to understand user specific requirements
(in his/her own language) and, thus, it is only able to provide the user with generic infor-
mation leaving him/her with the task of selecting, understanding and using the retrieved
information (semantic and pragmatic part of the communication process). Therefore,
non-medical experts can be overwhelmed with the results and experience great difficul-
ties in the comprehension and use of the found information. This, in turn, reflects on their
ability to have a “true” two-way communication with their doctors because, for exam-
ple, they do not have a complete understanding of their medical conditions (semantic
level)-when they do not misunderstand them—and then they are unable to make shared
and informed decisions (pragmatic level).

This work presents the characteristics and use of a custom search engine, FACILE,
that has been created to satisfy the user information needs and overcome the com-
munication challenges confronted during the search process. FACILE allows a user to
specify his/her information requirements in a simple way. It, then, retrieves tailored Web
information by exploiting the Web semantic capabilities provided by schema.org struc-
tured data. By doing so, FACILE provides the “right” amount of Web content, without
overwhelming the user, and in a language that he/she can easily understand. This pos-
itively affects person/patient comprehension of conditions, treatment alternatives, etc.
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and, ultimately, facilitates, his/her empowerment process and communication with med-
ical professionals. The paper is organized as follows. Section 2 presents the principles
and main characteristics of FACILE. Section 3 presents the implementation details and
use of FACILE. Section 4 presents some experimental results and a discussion of the
obtained results. Finally, Sect. 5 presents some conclusions and future work.

Some of the information presented in this paper is based on a previous work [24]. The
present paper, however, extends the previous study by adopting a newer dataset, from
2019, of structured data and extracting a higher number of health-lifesci.schema.org and
schema.org quadruples so to provide the user with a richer set of information. Moreover,
the mapping model of FACILE has been improved to separate the types of users (medical
experts and non-experts) and provide them with differentiated information in terms of
language level and specific information. Furthermore, the FACILE interface has been
completely redesigned in terms of usability and the customized information, as well
as the quality information, is shown to favor user comprehension. Finally, FACILE
principles and characteristics have been revised and are explained in more details and
some new experimental results are presented to back FACILE effectiveness.

2 FACILE Principles and Characteristics

FACILE is a custom search engine specifically designed to facilitate the search of health
information online by allowing users to specify their requirements during the search. In
what follows we present its main principles and characteristics.

2.1 Identification of Requirements of On-Line Health Information Seekers

The identification of the main user requirements when searching for health information
on the Web has been carried out in [4] by analysing the works presented in [14, 15,
25-29]. This literature review, although limited, has consistently shown the following
main requirements by on-line health information seekers:

— Language complexity;
— Information classification/customization;
— Information quality (mainly intended as information trustworthiness).

The FACILE search engine has been developed, based on these requirements by
exploiting the semantic features of the Web and particularly those related to structured
data and schema.org with particular reference to its health-lifesci extension.

2.2 Use of schema.org and Health-Lifesci Structured Data

As said above, we have investigated how to leverage structured data to find suitable
Web pages that satisfy the requirements of on-line health information seekers. To this
end, we have exploited the semantic information available in the Web and, in particular,
the one provided by schema.org®, an initiative funded by some major Web players, that

6 https://www.schema.org/.
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aims to create, maintain, and promote schemas for structured data on the Internet. For
the scope of the present work, we have considered the health-lifesci’ extension that
presently contains 80 types, 162 properties and 125 enumeration values related to the
health/medical field.

We have performed an analysis of the health-lifesci elements using the data made
available by the Web Data Commons initiative. The Web Data Commons (WDC) [30]
contain all Microformat, Microdata and RDFa (Resource Description Framework in
Attributes) data extracted from the open repository of Web crawl data named Common
Crawl (CC). The data used in this work have been released in November 2019. The whole
dataset contains about 2.5 billion pages and about 38.1% of them contain structured data.

The dataset dump, used in our study, consists of 44.2 billion RDF quadruples. These
are sequences of RDF terms in the form {s, p, o, u}, where {s, p, o} represents a state-
ment consisting of subject, predicate, object, while u represents the URI of the document
from which the statement has been extracted. From the whole dataset, we have selected
the subset containing one or more of the 367 elements (types, properties, and enumer-
ation values) of health-lifesci.schema.org. The obtained subset contains 125,920,198
quadruples.

As a first step, the extracted quadruples have been directly inserted into a DB table
with a size of around 16 GB. Next, in order to make the consultation of this table faster and
more efficient, an indexing process has been carried out by replacing the four elements
of the quadruple with the indexes of four indexed tables, one for each element.

2.3 Mapping Health Information Seeker Requirements to schema.org Elements

When speaking of on-line health information seekers, we can, mainly, consider two
classes of users:

e Non experts (e.g., patients or citizens);
e Experts (e.g., physicians or medical researchers).

These two categories have different requirements, that can be connected to the lan-
guage complexity and the other user requirements presented above. It is, then, important
to understand which schema.org elements can be mapped to the user requirements to
use the structured data present in the Web and deliver tailored information to the user.

Language Complexity. In relation to the language-complexity requirement, health-
lifesci.schema.org includes the MedicalAudience element that indicates whether the
content is more suitable for a non-expert (Patient type) or an expert (Clinician and
MedicalResearcher types) [31]. A preliminary analysis of the dataset containing the
health.life-sci.schema.org quadruples has shown that only a small part (around 5%)
contains one or more Patient, Clinician or MedicalResearcher schema.org elements.
Thus, by taking only those URLs, we would limit the search because most web pages
containing health/medical schema.org structured information would not be considered.
Moreover, the fact that a web page contains a Patient schema.org element does not

7 https://health-lifesci.schema.org/.
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necessarily indicate that those pages have a simpler language but only that they are
targeted to patients (probably because of the page content). The same applies to the
web pages that contain Clinician or MedicalResearcher schema.org elements that do
not necessarily indicate the language used is complex.

In another work [31], we have measured the language complexity levels of the
URLSs containing Patient, Clinician or MedicalResearcher elements and generalized
the analysis to URLs that do not contain any of these elements. To this end, we have
analysed the English and non-empty web pages (around 50%) of the Patient, Clinician
and MedicalResearcher subsets and, for each web page, we have computed its language
complexity level. This has been done by computing the ‘term familiarity index’ [31-33]
of each term found in the page (number of Google results) and then calculating the
average for the page.

The experimental results, presented in [31], show that the web pages targeted to
Patient, present, on average, a much higher term familiarity index whereas the web
pages targeted to Clinician and MedicalResearcher present, on average, a lower term
familiarity index. This kind of equivalence has convinced us to provide non-experts
with URLs presenting a high term familiarity index (and thus a simpler terminology)
and experts with URLs presenting a low term familiarity index (and thus a more complex
terminology). By doing so, we are able to rank all URLs on the base of the FACILE
language level, i.e., simple for non-experts and complex for experts. Moreover, coher-
ently with the MedicalAudience schema.org representation, URLs containing a Patient
schema.org element will be ranked higher for non experts whereas URLs containing
Clinician or MedicalResearcher schema.org elements will be ranked higher for experts.

Information Customization. In order to proceed with a customization of information
for the users, we have preliminarily investigated what type of health/medical information
is primarily searched on the Web, such as medical conditions, therapies and drugs [10,
11, 14]. We have then verified that this type of information appears amongst the most
recurring health-lifesci.schema.org elements to have enough data to be processed by
FACILE and provide an effective information classification/customization. At the end
of this process, we have selected the following health.life-sci.schema.org elements for
creating the classification of Web pages (the definitions are taken from https://health-1if
esci.schema.org/):

e MedicalCondition, indicates any condition of the human body that affects the normal
functioning of a person, whether physically or mentally.

e MedicalTherapy, indicates a medical intervention designed to prevent, treat, and cure
human diseases and medical conditions.

e Drug, indicates a chemical or biologic substance, used as a medical therapy, that has
a physiological effect on an organism.

e MedicalClinic, indicates a hospital or a medical school.

e MedicalCode, provides a code for a medical entity.

e MedicalScholarlyArticle, indicates a medical article.
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Note that the information on conditions, therapies, drugs, and hospitals can be of
interest to both non-experts and experts whereas the information on codes and medical
articles are more technical and so mainly indicated for medical experts. Therefore, we
have decided to consider the first four elements for non-experts and all six elements for
experts.

Information Quality. The health-lifesci.schema.org elements, being focused on the
health/medical field, did not provide us with elements that can be immediately used
for evaluating the information quality. Instead, by analyzing the literature [34-36], we
found that the more general schema.org was able to provide some of those elements.
We have selected author, publisher, reviewedBy and recognizingAuthority schema.org
elements as an indication of reliability and dateCreated, dateModified, datePublished
and lastReviewed schema.org elements as an indication of timeliness.

Note that, in principle, on-line health information seekers have the same require-
ments on the quality information irrespective of them being medical experts or not.
Consequently, we have selected the same schema.org elements for providing information
quality to both non-experts and experts.

Mapping Table. The above considerations about language complexity, information
customization and information quality have led us to create a mapping between the user
requirements and the schema.org elements for the non-expert and expert user categories.
This mapping expands the one presented in [4, 24] and is reported in Table 1.

These schema.org elements are used by FACILE to retrieve Web pages and extract
information based on the user specific requirements. As we will show in the next sections,
by using FACILE, users can easily and quickly find the right amount of information that
is reliable and, in a language suitable to their health literacy level, in full compliance
with the three levels of the communication model presented above.

Table 1. Mapping between user requirements and schema.org elements for the “non-expert” and
“expert” user categories.

Language complexity Information customization | Information quality
Non-expert | Simple - MedicalCondition Reliability:
- High Term Familiarity |- MedicalTherapy - author
- Drug - publisher
- MedicalClinic - reviewedBy
- recognizingAuthority
Timeliness:
- dateCreated
- dateModified
- datePublished
- lastReviewed

(continued)
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Table 1. (continued)

Language complexity Information customization | Information quality
Expert Complex - MedicalCondition Reliability:
- Low Term Familiarity | - MedicalTherapy - author
- Drug - publisher
- MedicalClinic - reviewedBy
- MedicalCode - recognizingAuthority
- MedicalScholarlyArticle | Timeliness:
- dateCreated
- dateModified
- datePublished
- lastReviewed

3 FACILE Implementation and Use

The mapping between user requirements and schema.org elements, shown in the previous
Section, has been used to build FACILE in order to provide experts and non-experts with
the proper Web contents in terms of language complexity, information customization
and information quality. It completes the previous versions of the system, the first one
considering only the language level [31] and the second one taking into account only the
information customization and quality [24]. Moreover, the algorithm used to provide the
custom information has been completely revised with respect to the previous versions.
Fig. 2 shows the user interface of the FACILE search engine for non-experts (a) and
experts (b). FACILE is available at the address https://cohealth.lero.ie/facile.

The user interface includes a simple text input, like that of a generic search engine,
where the user can insert the term(s) to be searched. Moreover, the user can filter the
results to get more focused information by specifying his/her requirements in terms
of language level, specific information required and information quality. The simple
language level is recommended for non-experts whereas the complex language level is
recommended for experts. Non-experts can select specific information by checking one
or more of the four items reported in Fig. 2a whereas experts can choose one or more of
the six items reported in Fig. 2b. Finally, the “Show Quality Information” switch, acts
on the quality user requirement, for both types of users, and provides a measure of the
quality of the web pages by evaluating the schema.org parameters reported in Table 1
(when available). In what follows we provide further details on the implementation and
use of FACILE.

3.1 Language Level and Ranking Algorithm

After having inserted the quadruples into the database, as seen in Sect. 2.2, the English
web pages have been analysed. For each web page, the Term Frequency of each word (not
considering the stop words, i.e., the most common words) has been calculated together
with its Term Familiarity (by using a Google™ API which returns the number of google
results for a term). Depending on the selected language level, simple or complex, FACILE
ranks the found URLSs according to the following ranking formulas:


https://cohealth.lero.ie/facile
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Facile

Search for health information on the Web specifying your requirements in terms of Language Level, Specific Information, and Quality Information

Term(s) to search

Indicate your requirements:
Language Leve
® simple
Complex

Specific Information
Condition
Therapy

O Drug

Institution
Show Quality Information?

(@

Facile
Search for health information on the Web specifying your requirements in terms of Language Level, Specific Information, and Quality Information.
Term(s) to search

Indicate your requirements:

speced

Language Level
simple
® Complex

Specific Information
Condition
Therapy
Drug
Institution
Code

Medical Article

Show Quality Information?

()
Fig. 2. FACILE user interface.
Simple Language.
R = o x (Term_Frequency/Max_Term_Frequency) + (1 —a) * 0
(Page_Familiarity_Index)/Max_Familiarity_Index)
Complex Language.
R = o x (Term_Frequency/Max_Term_Frequency) + (1 —a) * 2

(1 — Page_Familiarity_Index | Max_Familiarity_Index)

Where:

Term_Frequency is the number of occurrences of the keyword(s) in the page divided
by the document length;

Max_Term_Frequency is the maximum of Term_Frequency of the keyword(s) in all
found Web pages;

Page_Famililarity_Index is the page familiarity, i.e., the mean of the term familiarity
indexes of the Web page;

e Max_Famililarity_Index is the maximum page familiarity of all found Web pages.

« allows to differently weigh the term frequency and page familiarity.
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Notice that we use the Term Frequency to consider that web pages have different
lengths and then the number of occurrences of a term can greatly vary. Notice, also, that
the simple-language formula is a weighted combination of the Term-Frequency percent-
age and Term-Familiarity percentage because we want to find meaningful pages (i.e.,
with a high number of occurrences of the searched item) but with the simplest language.
The complex-language formula is a weighted combination of the Term-Frequency per-
centage and (1 — Term-Familiarity percentage) because we want to find meaningful
pages (i.e., with a high number of occurrences of the searched item) but with the most
complex/technical language.

We have made some preliminary experiments with the weight and found out that a
value of & = 0.4 provided us with the best results in terms of correspondence between
the intended audience and the provided Web pages. For example, Fig. 3 shows the first
results of FACILE for the “asthma” term when the user chooses the “simple” language
level and Fig. 4 shows the first results of FACILE for the “asthma” term when the user
chooses the “complex” language level.

Term(s) to search 58 Pages Found
asthma url
ttp: .very iew-4014760
Stps: /WA i Y.coml jonal_: icle_em.htm
Indicate your requirements: https://www.ver igns-and- -200643?utm_source=
Language Level \ttps: very co period-wi thma-200880
©® Simple _
O Complex https://www.dupixenthcp.com/
https://www.verywellhealth.com/cromolyn-sodium-and-nedocromil-what-you-need.....
Specific Information Tp=: b com/what-Is-advalr-diskus-201159
O Condition Ihttps://www.drug: l-inhalation.htm!
O Therapy hittps://www.verywellhealth.com/expiratory-grunting-sighing-and-asthma-26345...
O Drug Inttps://www.drmeguckin.com/your-body-will-tell-you-what-it-likes-and-does-n
O Institution https://www.medicinenet.com/script/main/art.asp?articlekey=197495
https://www.drugs.com/cons/theo-time.html|
Show Quality Information? lhttps:/www.drugs.com/ppalterbutaline.html
ttps: A edu/Conditi ma
\ttps:/www.very Comiwhat 4-1741914
. ol 2
Fig. 3. FACILE results for “simple” language level.
Term(s) to search 58 Pages Found
asthma url
m Tttp: medicinenet.com/scr aidx.asp?p=h_26
ittps: icil com/scr naidx.asp?p=s_26
Indicate your requirements: lhttpswww.mediciner aspart =
Language Level Inttps://www.medicinenet.com/scriptmain/alphaidx.asp?p=n_26
O simple
® Complex ttp: medicinenet, /drug_allergies/7bca2b16-8f5a-4a91-b7e8-
ttp: medicir indoor_: 690d-404f-b2b.....
Specific Information ttp: medicinenet.com/doctors/indoor_: d445-40a1-b8f.....
O Condition lhttps://www.medicinenet.com/doctors/drug_allergies/1f129239-c466-423a-9b8f-..
O Therapy ttp: medici indoor_allerg 07df9d9-90f3-4224-916
O Drug ttps: medicir o _exposure/2d7da749-36b4-4697-9626-1...
O Institution lhttps://www.medicinenet.com/doctors/mold_exposure/24c88db9-b05a-de11-86ed-0.....
O Code lhttps://www.medicinenet.com/doctors/indoor_allergens/b02f17ce-e9a7-4f65-9a3.....
O Medical Article ttps://www.medici X mold_exposure/55e1d433-fd2a-45b7-adfe-4. ...
lhttps://www.medicir com/doctors/drug_: 0dbbe-49ee-47a6-9043-.....
Show Quality ion? ttps: medicinenet.com/doctors/indoor_allergens/bbfd3f55-2bf6-477¢-be0.....

Ihttps://www.medicinenet.com/doctors/indoor_allergens/05362154-ff52-4f69-9ec.....

Fig. 4. FACILE results for “complex” language level.
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3.2 Information Customization

As shown in Fig. 2, the user has the possibility to select which specific information
he/she is interested in through checkboxes that can be easily selected by a user with no
specific knowledge, because they indicate common terms in the health domain. More
than one checkbox can be checked at the same time. FACILE will extract the custom
information by using the mapping of Table 1 and will provide the following results:

— Condition (for Non-experts and Experts): It will present the pages that contain a
description of a medical condition and the values of the properties related to the Medi-
calCondition schema.org element. In order not to overwhelm the user with information
on the response page, FACILE will only show the values of the name, alternateName,
and description properties.

— Therapy (for Non-experts and Experts): It will present the pages that contain infor-
mation about a therapy and the values of the properties related to the MedicalTher-
apy schema.org element. In order not to overwhelm the user with information on
the response page, FACILE will only show the values of the name, alternateName,
description, potentialAction, and contraindication properties.

— Drug (for Non-experts and Experts): It will present the pages that contain the
information about a medicine and the values of the properties related to the Drug
schema.org element. In order not to overwhelm the user with information on the
response page, FACILE will only show the values of the name, nonPropietaryName,
activelngredient, description, and prescriptionStatus properties.

— Institution (for Non-experts and Experts): It will present the pages that contain the
institutions (e.g., hospitals) that deal with a medical condition and the values of the
properties related to the MedicalClinic schema.org element. In order not to overwhelm
the user with information on the response page, FACILE will only show the values of
the alternateName, description, hasMap, image, telephone, and email properties.

— Code (for Experts): It will present the pages that contain the code of a medical
condition and the values of the properties related to the MedicalCode schema.org
element. In order not to overwhelm the user with information on the response page,
FACILE will only show the values of the name, alternateName, description, code,
codeValue, and codingSystem properties. The code, together with the codingSystem,
can be used to look on specialized websites to find a specific condition/part of the
body/therapy/drug, or other useful information.

— MedicalScholarlyArticle (for Experts): It will present the pages that contain infor-
mation about medical scholarly articles and the values of the properties related to the
MedicalScholarlyArticle schema.org element. In order not to overwhelm the user with
information on the response page, FACILE will only show the values of the descrip-
tion, publicationType, url, abstract, author, creator, dateCreated, datePublished,
editor, headline, and sameAs properties.

Fig. 5 shows the first results of FACILE for the “asthma” term (with simple lan-
guage) when the user selects the Condition, Drug and Institution fields of the specific
information.
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Term(s) to search 58 Pages Found
asthma url
ttps:/iwww. 4014760
Inttps://www. K _em.htm
Indicate your requirements: Stips W g = 006437utm_source=
Language Level Inttps //www. com/c period thma-200880
® simple
© Complex Ihttps://www.dupixenthcp.com/
[Condition
[name: Atopic Dermatitis, Asthma
Specific Information [prug
Condition factivelngredient: dupilumab
ldescription: DUPIXENTUOOAE (dupilumab) is indicated for the treatment of patients aged 12 years and older with
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Fig. 5. FACILE results (simple language) with specific information checked.

Fig. 6 shows the first results of FACILE for the “asthma” term (with complex
language) when the user selects the Medical-Article field of the specific information.
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Fig. 6. FACILE results (complex language) with specific information checked.
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3.3 Information Quality

The quality of the web pages provided by FACILE is evaluated in terms of reliability
and timeliness by checking the presence of the schema.org elements reported in Table 1.
To provide the user with a value and a visual indication about the information quality
of the page, we have thought to provide each element with a weight that considers its
relative importance. Considering some analysed literature [34—36], we have decided to
assign different weights to the elements for a total of 10. As a first step, we have decided
to assign 2/3 of the weights to Reliability and 1/3 of the weights to Timeliness because
we want to value more reliability over timeliness. As a second step, we have assigned
the following weights to the information quality schema.org elements:

e Reliability:

— author 1
— publisher 1.5
— reviewedBy 1.5

recognizingAuthority 2.5 (Tot. 6.5)

e Timeliness:

— dateCreated 0.5
— dateModified 1.5
— datePublished 0.5
— lastReviewed 1 (Tot. 3.5)

Thus, for each web page, FACILE checks the presence of one or more quality-
information elements and sums up the related weights. In order to provide the user with
a direct visual information FACILE divides the result by two, rounds it to the whole
or the half, and transforms the obtained number in stars so to provide each page with
a number of stars that ranges between 0 and 5, with steps of half a star. Fig. 7 shows
the first results of FACILE for the “asthma” term (with simple language and specific
information checked) when the “Show Quality Information” switch is turned on.

Term(s) to search 58 Pages Found

Fig. 7. FACILE results with “show quality information” switched on.

Notice that by clicking on the quality stars, the specific information-quality data will
be shown (Fig. 8) so that the user will have the possibility to directly analyse them.
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Fig. 8. Quality information details obtained by clicking on the quality stars.

4 Experimental Results and Discussion

FACILE, as shown in the previous Sections, has been designed and implemented to
be used by different user typologies, i.e., medical experts or non-experts and we have
executed some tests to evaluate its effectiveness and usefulness.

FACILE can be used as any other search engine by inserting any keyword(s) on the
text input (Fig. 2). It will then rank the results in terms of the language level: simple
(by default), as shown in Fig. 3, or complex, as shown in Fig. 4. For example, the
first result of Fig. 3 presents a term familiarity of 3.53 million whereas the first result of
Fig. 4 presents a term familiarity of 0.88 million. This clearly indicates how FACILE can
separate pages with simple language from the ones with complex language. It already
shows how FACILE outperforms a generic search engine in terms of providing web
results with different language levels since a generic search engine is not able to provide
such kind of responses.

The effectiveness of FACILE can further be appreciated when the specific-
information fields are checked. In the example of Fig. 5, the condition, drug and institu-
tion fields are checked and this information is immediately shown in the response page
for the web pages that contain it. This allows a user to save time by immediately finding
the specific information he/she is looking for without the need of going through the con-
tent of the web pages. He/she will examine the complete content of the web pages only
if he/she needs further information. In the example of Fig. 6, an expert user has checked
the Medical-Article field and immediately gets a list of scientific articles with the related
links. In this case, the user does not even need to browse the web page because the links
to the articles, on the response page, allow him/her to directly go the articles of interest.

If the user switches on the “Show Quality Information” button, the quality of the web
page is visually shown as a number of stars (0-5, Fig. 7), immediately providing the user
with an information on the page trustworthiness. Nevertheless, if the user wants more
detailed information about the quality, this information will be shown by clicking on the
quality stars (Fig. 8). Notice that, the fact that a web page has a small number of stars (or
no stars at all), does not necessarily imply that the information quality of the page is low
and that the page is not trustworthy, but only that the chosen schema.org elements are not
present. Thus, in general, a user is encouraged first to look at the web pages with a high
number of stars, because that means that the page is of good quality, and then at the web
pages with a low number of stars if they present other elements of interest.
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To complete the evaluation of FACILE, we have run some experiments that com-
pute the term familiarity of the web pages with simple and complex language levels.
We have used six of the most searched diseases in Google™? and, in particular, three
common terms (diabetes, depression, and anxiety) and three less common terms (yeast
infection, psorias and lyme disease). The first ten results of each search have been con-
sidered and, for each group, the average familiarity index has been computed. Fig. 9
shows the results of this analysis (term familiarity is expressed in million). As expected,
the web pages with a simple language level present a higher term familiarity than the
web pages with the complex language level. More interesting is the fact that there is a
clear separation between the familiarity indexes of the two categories even though the
familiarity indexes of the web pages with simple-language levels are quite constant and
the familiarity indexes of the web pages with complex-language levels present more
differences. This appears more evident for the familiarity indexes of the less common
terms (more technical) that present, in general, a higher term familiarity. This can be
attributed to the fact that the common terms have a higher number of web pages and then
a clearer separation between pages targeted to medical experts and non-experts whereas
the less common terms have a lower number of web pages and they appear more tar-
geted to non-experts (considering their higher familiarity indexes). Further experiments
are undoubtedly needed to better understand FACILE behavior in these cases.

4
3 M Diabetes

B Depression
2 Anxiety

B Yeast infection
1 M Psoriasis

Lyme disease

0

Simple language Complex language

Fig. 9. Average familiarity indexes (in million) of most searched health diseases in Google™.

Although FACILE can still be improved and more experiments are undoubtedly
needed, its principles and practical use show how it complies with the three-level
communication model presented in the Introduction. In particular:

Syntactic-Technical: FACILE presents the same retrieval capabilities as a generic search
engine and, as such, it allows the user to search for health information on the Web
(although it restrains the search to the Web structured data) and provides the requested
information as any generic search engine does.

8 https://www.beckershospitalreview.com/quality/most-commonly-googled-diseases.html.
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Semantic-Meaning: The translation capability of FACILE (mapping model) allows
the user to specify his/her requirements in simple terms. FACILE “understands” such
requirements and translates them into schema.org elements to extract the proper infor-
mation from the Web (communication phase: from user to FACILE). Moreover, the
ability of FACILE, to retrieve Web pages with different language levels, allows the user
to choose the pages with the preferred level (communication phase: from FACILE to
user).

Pragmatic-Effectiveness: The response presented by FACILE has a pragmatic impact
on the user by providing understandable, focused, and reliable Web results. The conse-
quence is that a user (mainly non-expert/patient) is, overall, greatly facilitated in finding,
understanding, and using health/medical information on the Web and then in his/her
empowerment process. This, among others, facilitates the comprehension of his/her
medical conditions and greatly increases his/her ability to communicate with medical
professionals and make informed decisions. Moreover, the ability of FACILE to provide
focused and customized information can also facilitate the task of medical professionals
to accompany patients in their search of on-line health information.

Overall, FACILE provides the user with the possibility of filtering and re-ranking
the Web results according to his/her specific requirements but it leaves the user fully
in charge of his/her navigational path on the Web. In this way, a user can freely and
simply choose what he/she needs in terms of health/medical information, in any moment,
so to achieve his/her empowerment objectives and better communicate/interact with
medical professionals. This allows, overall, to have an integrated communication with
regards to both Patient-Web and Patient-Doctor communication/interaction (Fig. 10)
that is aligned and overcomes, in practice, the well-known quarrel between doctors and
patients discussed in the Introduction.

Integrated Communication

Pragmatic - Effectiveness
Semantic - Meaning

Syntactic - Technical

i

Fig. 10. FACILE integrated communication model.
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Of course, an application that helps patient-doctor communication at the semantic
level (helping mutual understanding) would be highly desirable. To this end, we have
developed the SIMPLE application that translates the medical/technical terms of any text
into lay terms, adding a short and simple explanation [37-39]. This helps users, mainly
non-medical experts, to understand medical texts (e.g., medical reports) and then to
better communicate with medical professionals. Notice that SIMPLE fully complies
with the three-level communication model because it facilitates mutual understanding
between patients and doctors (semantic level) and helps them in defining and reaching
a specified objective (pragmatic level). The joint use of FACILE and SIMPLE allows,
overall, a person/patient to communicate in the same (simple) way with both the Web,
through FACILE, and a doctor, through SIMPLE, by fully exploiting the integrated
communication model for human-to-machine and human-to-human communication.

5 Conclusions and Future Work

This work has presented a custom search engine, FACILE, that allows users (both med-
ical experts and non-experts) to retrieve health information from the Web on the base
of their specific requirements in terms of language level, information customization and
information quality. FACILE maps those requirements into schema.org structured ele-
ments and retrieves the “right” and simple Web content without overwhelming the user
as a generic search engine often does. This positively affects user understanding and
use of health information and, therefore, the empowerment process and communication
with healthcare professionals. Moreover, FACILE fully complies with the “integrated”
three-levels communication model that allows a full interaction of a person/patient with
both a machine (e.g., search engine) and another human (e.g., doctor).

The principles and first experimental results are satisfying and show FACILE poten-
tialities even though, the used dataset (created with the 2019 structured data of Web Data
Commons) has proven, sometimes, too limited in terms of provided results. Thus, we
are in the process of adding the datasets of the previous years, such as the ones of 2018
and 2017, because the various datasets present some differences in terms of URLs and
thus provide more data to experiment with. Furthermore, although the current version
of FACILE is simple and intuitive and it has been widely improved with respect to its
previous versions, we are in the process of running some tests with non-experts, such as
elderly people, to evaluate their engagement level and understand the aspects that need
further improvement. An evaluation of the reached empowerment level through FACILE
is also important and we are in the process of running randomized control trials with
patients with chronic conditions. The reached health literacy and empowerment levels
will be measured because of the use of FACILE.

As a future work, we plan to analyse in more details the health-lifesci.schema.org ele-
ments to evaluate whether further customized information can be provided to the user but
being always careful not to overwhelm him/her. We also plan to improve the information
quality algorithm by considering the dates the web pages have been created, modified,
published, and so on, beside just evaluating the presence of the related information.
We also want to further develop the integrated communication model for improving the
human-to-human and human-to-machine communication processes that underlie patient
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empowerment. For example, we plan to integrate the FACILE and SIMPLE applications
to allow a person to use a single interface to find health information on-line and simplify
it. Finally, we want to create a visual framework [40] that uses the retrieving capabilities
of FACILE and translating capabilities of SIMPLE and allows easy creation of advanced
health services, such as virtual assistants, for elderly people/patients.
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