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Abstract. The number of people searching for on-line health information 

has been steadily growing over the years so it is crucial to understand their spe-

cific requirements in order to help them finding easily and quickly the specific 

information they are looking for. Although generic search engines are typically 

used by health information seekers as the starting point for searching infor-

mation, they have been shown to be limited and unsatisfactory because they 

make generic searches, often overloading the user with the provided amount of 

results. Moreover, they are not able to provide specific information to different 

types of users. At the same time, specific search engines mostly work on medi-

cal literature and provide extracts from medical journals that are mainly useful 

for medical researchers and experts but not for non-experts. 

A question then arises: Is it possible to facilitate the search of on-line 

health/medical information based on specific user requirements? In this paper, 

after analysing the main characteristics and requirements of on-line health seek-

ing, we provide a first answer to this question by exploiting the Web structured 

data for the health domain and presenting a system that allows different types of 

users, i.e., non-medical experts and medical experts, to retrieve Web pages with 

language complexity levels suitable to their expertise. Furthermore, we apply 

our methodology to the results of a generic search engine, such as Google, in 

order to re-rank them and provide different users with the proper health/medical 

Web pages in terms of language complexity. 

Keywords: E-Health, Health Information Seeking, User Requirements, Language 

Complexity, Structured Data on the Web. 

1 Introduction 

The number of people searching for on-line health information has been steadily 

growing over the years [1], [2] so it is crucial to understand their specific require-

ments in order to help them finding easily and quickly the specific information they 
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are looking for. Although search engines are typically used by health information 

seekers as the starting point for their searches [2], [3], they have been shown to be 

limited and unsatisfactory for finding online health information easily and quickly [4], 

[5]. In particular, generic search engines (e.g., GoogleTM or BingTM) exploit the whole 

Web but make generic searches, often overloading the user with the offered amount 

of information. Moreover, they are not able to provide specific information to differ-

ent types of users. At the same time, specific search engines, such as PubMed1  or the 

Cochrane Library2, mostly work on medical literature and provide extracts from med-

ical journals that are mainly useful for medical researchers and experts but not for 

non-experts. Moreover, they do not consider all the information contained in the Web 

that is often addressed to non-medical experts. 

A question then arises: Is it possible to facilitate the search of on-line 

health/medical information based on specific user requirements? In this paper, we 

provide a first answer to this question by exploiting the structured data on the Web for 

the health domain and presenting a system that allows different types of users, i.e., 

non-medical experts and medical experts, to retrieve Web pages with language com-

plexity levels suitable to their expertise. Furthermore, we apply our methodology to a 

generic search engine, such as Google, in order to re-rank its results and to provide 

different users with the proper health/medical Web pages in terms of language com-

plexity. To this end, we first present a short survey of the main characteristics and 

requirements related to health information seeking on the Internet. We then analyze 

the structured data on the Web with particular reference to the health/medical field 

(by using health-lifesci.schema.org) and classify health Web pages based on different 

audience types such as patients, clinicians and medical researchers. Next, we present 

the results of some experiments on the language complexity of medical Web pages 

with structured data and propose a mapping between the language complexity re-

quirements and the health-lifesci.schema.org audience types. We then present the 

architectural and implementation details of FACILE, a meta search engine that pro-

vides Web pages ranked in accordance to the audience type. Finally, we show the 

results of applying FACILE search and ranking capabilities to both the schema.org 

structured data and the Google results.  

Some of the principles presented in this paper are based on the ones discussed in a 

previous work [6]. The present work, however, extends the previous study by includ-

ing a literature survey on the health seekers requirements. Moreover, a larger dataset 

is used by merging the health-lifesci.schema.org structured data of 2017 with the ones 

of 2018. Furthermore, the description of the FACILE architecture and implementation 

(with a new ranking formula that takes into account a higher number of parameters) is 

added together with the application of the FACILE searching and ranking mechanism 

to both the schema.org structured data and the Google results. 

                                                 
1 https://www.ncbi.nlm.nih.gov/pubmed/ 
2 https://www.cochranelibrary.com/ 
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2 Characteristics and requirements of On-line Health 

Information Seeking 

We now briefly analyze the main characteristics related to health information seeking 

on the Internet, based on the following dimensions:  

 Who (e.g., number of people searching for health information on the Internet); 

 Where (e.g., search engines, social networks);  

 When (e.g., time frequency); 

 What (e.g., symptoms, pathologies, remedies, drugs); 

 How (e.g., user requirements of on-line health information seekers). 

The ‘Cyberchondriacs’ Harris Poll [1] shows that the percentage of all US adults 

who search for health or medical information online has increased from 27% to 76% 

from 1998 to 2010. Moreover, the ‘Health Online 2013’ Pew report [2] says that 72% 

of adult users in the U.S. were looking for health information online in the previous 

year. When asked to think about the last time they went online for health or medical 

information, 39% of online health seekers say they looked for information related to 

their own situation. Another 39% say they looked for information related to someone 

else’s health or medical situation. An additional 15% of these internet users say they 

were looking both on their own and someone else’s behalf. For what concerns Eu-

rope, [7] shows a growth from 14% to 39% in the 2005-2007 period. Moreover, in 

2010, national bodies reported that 52,5% of adults in Spain were looking for health 

content on the Internet [8] and 39% in the UK [9]. 

According to [2], 77% of online health seekers say they began their last session at a 

search engine such as Google, Bing, or Yahoo. Another 13% say they began at a spe-

cialized site in health information, like WebMD. Just 2% say they started their re-

search at a more general site like Wikipedia and an additional 1% say they started at a 

social network site like Facebook. According to the survey reported in [10], a general 

search engine is the most frequently used tool to look for online health information. 

Other popular sources include Websites providing health information (38%) and Wik-

ipedia or medical search tools such as HONselect and Medline Plus (37%). Forums 

and blogs are always or often used by 23% of the respondents and 5% use Facebook 

or other social networks. The same paper affirms that Internet is the second source of 

information after physicians whereas [11] states that Internet is the most commonly 

consulted resource for health information followed by conversation with health care 

providers and use of a medical dictionary. 

The ‘Cyberchondriacs’ Harris Poll [1] shows that the percentage of US adults who 

often or sometimes search for health or medical information online has increased 

from 42% to 73% from 1998 to 2010. Moreover, 81% of health information seekers 

say that they have looked for health information online in the last month and 17% say 

they have gone online to look for health information ten or more times in the last 

month. On average, health information seekers do this about 6 times a month. Ac-

cording to the survey presented in [10], 24% of the respondents say they look for 

health information on the Internet at least once a day and 25% do it few times a week. 

Moreover, 8% do it once a week, 16% do it few times a month and 16% do it once a 

month. 
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The ‘Health Online 2013’ Pew report [2] shows that the most searched health top-

ics are: Specific disease or medical problem (55%), Certain medical treatment or pro-

cedure (43%), How to lose weight or how to control your weight (27%), and Health 

insurance, including private insurance, Medicare or Medicaid (25%). According to the 

survey reported in [10], the search activity of users is mostly focused on general 

health information (68%), long-term chronic diseases (59%), healthy lifestyle and 

nutrition (50%), short-term (up to 2 weeks) acute disease (39%), kids health (22%) 

and elderly health and care (19%). 

A short literature review to evaluate the main user requirements of health infor-

mation seekers has been carried out in another work [12]. The survey has been revised 

and extended and the results are reported in Table 1. 

Table 1. User requirements of health information seekers. 

Paper 
Language 

Complexity 

Info 

Quality 

Info Classifica-

tion/ Customi-

zation 

Other 

N. Pletneva, A. Vargas, C. Boyer. 2011. 

Requirements for the general public 

health search [10] 

● ● ● 
  

S. Banna, H. Hasan, P. Dawson. 2016. 

Understanding the diversity of user 

requirements for interactive online 

health services [13] 

● ●     

T. Roberts. 2017. Searching the Internet 

for Health Information: Techniques for 

Patients to Effectively Search Both 

Public and Professional Websites [14] 

  ●     

W. Pian, C.S.G. Khoo, J. Chi. 2017. 

Automatic classification of users’ health 

information need context: Logistic 

regression analysis of mouse-click and 

eye-tracker data [15] 

    ●   

P. C.-I. Pang, K. Verspoor, J. Pearce, S. 

Chang. 2015. Better Health Explorer: 

Designing for Health Information Seek-

ers [16] 

●   
● ● 

A. Keselman, R. Logan, C. Smith. 2008. 

Developing informatics tools and strate-

gies for consumer-centered health com-

munication [17] 

● ● ● 

  

Ardito, S. C. 2013. Seeking Consumer 

Health Information on the Internet [18] 
● ●   
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Although limited, the literature review presented above shows that the main re-

quirements of health information seekers are the following: 

• Language complexity 

• Information quality (mainly intended as information trustworthiness) 

• Information classification/customization. 

Summarizing, we have found that there is a high number of people seeking for 

health information on the Internet that has been constantly increasing over the years 

(who). Search engines are the most used means to access medical information (where) 

and they are used more and more often (when) to seek information on a broad range 

of medical subjects (what). Moreover, the main requirements of health information 

seekers are language complexity, information quality and information classification 

and customization (how). 

As stated in the Introduction, this paper mainly focuses on presenting the principles 

and design/development details of a system that allows to provide different types of 

users (e.g., medical experts and non-experts) with health/medical Web pages with 

different language complexity levels so to allow them to immediately find Web medi-

cal contents that present a language suitable to their expertise. In another work [12], 

we explore the other two user requirements, information quality and information clas-

sification/customization, and provide a mapping model among those user require-

ments and the schema.org elements. 

As seen in Table 1, the papers dealing with the language complexity user require-

ment are [10], [13], [16], [17] and [18]. In particular, [10] presents a survey on user 

requirements which shows that users want to know if the information they search for 

is explained in the same way their doctor would but they do not present a solution for 

providing this type of information as we do in this work. Similarly, [13] shows that 

users feel that the language used must be easy to understand but there is no practical 

indication on how to achieve it. The system presented in [16] contains a slider that 

allows to specify the reading level but the system only works with a small amount of 

information (few pages created by hand) whereas our system automatically works in 

real time with the health/medical resources provided by schema.org (tens of thou-

sands of Web pages) and, in non-real time, with the whole Internet (through Google). 

[17] suggests that  increased understanding can be accomplished by facilitating pre-

cise information retrieval with optimized, domain-specific search engines without 

providing any specific example. They also suggest automatic text translation to sim-

pler text in order to enhance text readability. In other works [19], [20], we have also 

tackled the problem of translating medical/technical terms in lay terms so to facilitate 

their comprehension by non-medical experts. In the work presented here, however, 

our system directly finds the easy-to-understand Web pages available on the Web. 

Finally, [18] lists some consumer medical information reputable sites and suggests 

that patients should be taught to search PubMed, that is a collection of scientific med-

ical articles mainly devoted to medical researchers. Our system, as already said, ex-

ploits the whole Internet and automatically provides either more complex or simpler 

web content depending on the user requirements. 
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3 Structured Data in Health science domain on the Web  

In the last few years the use of schema.org vocabularies, to include semantic infor-

mation in Web pages, has rapidly increased. The schema.org3 initiative has been pro-

moted in 2014 by major players in the search engine market with the aim to create, 

maintain, and reuse vocabularies for structured data on the Internet. In particular, 

schema.org defines types (e.g., Product, Organization, People) and related properties 

(e.g. name, title, description) that are interleaved within the HTML code and used to 

visualize that information in specific parts of a Web page. At present, the vocabularies 

defined by schmea.org are used in over ten million Web sites and search engines lev-

erage the structured data to provide users with more appropriate results. Along with 

the core schema, that is used to describe a huge number of different types of entities 

from learning resources [21][22] or products and organizations, schema.org also de-

fines extensions with the focus on specific sectors such as automotive, Internet of 

Thing (IoT) and health. 

In our study, we are interested in exploiting structured data to match the require-

ments identified in Section 2 with particular respect to the requirements related to the 

complexity of the language used by the Web pages containing health related infor-

mation. To this aim, we refer to the health-lifesci extension4 of schema.org that con-

tains 93 types, 175 properties and 125 enumeration values related to the 

health/medical field. They can be used, among others, to extract data related to the 

requirements of information quality, information classification and language com-

plexity. In particular, for the language complexity, the MedicalAudience5 type plays a 

key role to identify searching mechanisms that provide targeted information. This 

type describes the target audiences for medical Web pages and it includes Patient6, 

Clinician7 and MedicalResearcher8 as more specific types. As reported in sche-

ma.org, a patient is any person recipient of health care services. Clinicians are medi-

cal clinicians, including practicing physicians and other medical professionals in-

volved in clinical practice. Medical researchers are professionals who make research 

on the medical field.  

In order to explore the use of the schema.org vocabulary to support health infor-

mation seeking on the Web, we have evaluated the adoption of the types and proper-

ties defined in this vocabulary through the analysis of the schema.org information 

made available by the Web Data Commons initiative. The Web Data Commons 

(WDC) [23] contains all Microformat, Microdata and RDFa data extracted from the 

open repository of Web crawl data named Common Crawl (CC). At the time of writ-

ing, the latest release of the WDC dataset is dated November 2018 and it is based on 

2.5 billion crawled pages with about 37% of them including structured data. We ex-

tended the work presented in [6] by merging the dataset extracted by WDC in 2017 

with the one of 2018. The dataset dumps of the two years are made available by WDC 

                                                 
3 https://schema.org/ 
4 https://health-lifesci.schema.org/ 
5 http://schema.org/MedicalAudience 
6 http://schema.org/Patient 
7 http://schema.org/Clinician 
8 http://schema.org/MedicalResearcher 
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as compressed files (8,433 files for 2017 and 7,263 for 2018). Each file is around 100 

MB large and contains information in the form of RDF quadruples. A quadruple is a 

sequences of RDF terms in the form {s, p, o, u}, where s, p and o represent a triple 

consisting of subject, predicate, object and u represents the URI of the document from 

which the triple has been extracted.  

Fig. 1 presents an example of RDF quads, for the Patient subtype, extracted from 

WDC. It clearly shows the subject, predicate, object and URI of the quadruples. In 

compliance with the Open Science model, we have made the RDF quads subsets, for 

the Patient, Clinician and MedicalResearcher specific types, available at the address 

http://h-easy.lero.ie/opendata/, in order to allow other researchers to use and lead 

further research on these data. 

 

Fig. 1. Example of RDF quads for the Patient subtype. 

From the dataset dumps by WDC, we have filtered the quadruples that contain 

types and properties related to the health domain. The resulting dataset that we have 

used in our study consists of 103 billion RDF quadruples.  

Fig. 2 (a) and (b) respectively show the top ten types and properties of the dataset 

we use for this study. Notice that, although, we have extracted types, properties and 

enumeration values of health-lifesci.schema.org, some types, such as Action, are ge-

neric and belong to the schema.org core vocabulary, but they assume a specific mean-

ing in the context of health-lifesci. For example, the Action type is linked to the poten-

tial actions of a specific group of drugs. The same applies to properties such as manu-

facturer (presenting the highest frequency) which is generic and belongs to the sche-

ma.org core vocabulary but, in the context of health-lifesci, it refers to the organiza-
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tion producing a specific Drug. Finally, notice that Physician is not used as a syno-

nym of doctor but indicates the doctor office9. 

 

 
 

(a) 

 

 
 

(b) 

Fig. 2. Top ten types (a) and properties (b) of health-lifesci.schema.org. 

                                                 
9 https://schema.org/Physician 
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We have also analyzed the distribution of the so called Pay Level Domains (PLDs) 

in the dataset including 2017 and 2018 dumps. The complete results of this analysis 

are available at the address http://h-easy.lero.ie/opendata/ while Table 2 shows the top 

ten results. In this list, we also indicate whether each PLD is related to the 

health/medical domain. 

Table 2. PLDs with # of quads and health/medical indication. 

#quads PLD Health/Medical 

10544968 lybrate.com yes 

7082432 patents.google.com no 

3346339 vidal.fr yes 

2556287 vitals.com yes 

1567948 estdoc.jp yes 

1368641 restonhospital.com yes 

1309007 md.com yes 

1157954 carroya.com no 

1065347 spreadshirt.com no 

957936 doctoranytime.gr yes 

 

With regards to the medicalAudience property, we have computed the number of 

quads for each audience types and the results are reported in Table 3. 

Table 3. Number of RDF Quads extracted for each specific type. 

Schema.org types RDF Quads 

Patient 62,251 

Clinician 17,416 

MedicalResearcher 3,770 
 

These three types, related to MedicalAudience, facilitate the identification of pages 

targeted to patients, clinicians and medical researchers. Table 4 shows an extract of 

five quads from each subset (the audience appears in the third column).  

Notice that, at this stage, we have found Web pages that have been targeted to the 

different user types by their author, but we do not exactly know the reason behind the 

choice of considering a page more suitable for a specific audience type. In fact, the 

motivation could be related to the language complexity level (e.g., more or less tech-
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nical) or to the treated subject (e.g., pathology symptoms and remedies, for patients, 

or technical aspects, for medical researchers), or to something else. In the next sec-

tion, we present a mapping between the language complexity levels and the different 

audience types so to provide users with Web pages related to their specific require-

ments. 

Table 4.  An extract of five RDF quads extracted from Patient (a), Clinican (b) and MedicalRe-

searcher (c) subsets. 

Subject Predicate Object Uri 

_:genid2d65f95a781e61480

8bccfde1f41b001c32db0 

<http://schema.org/audience> http://schema.or

g/Patient 

<https://dentistinsurrey.ca/c

osmetic-dental-procedures-

to-enhance-your-smile/> 

<https://medlineplus.gov/sp

an-

ish/ency/article/001054.htm

> 

<http://schema.org/MedicalWebPag

e/audience> 

http://schema.or

g/Patient 

<https://medlineplus.gov/spa

nish/ency/article/00105.html

> 

<https://medlineplus.gov/en

cy/article/001525.htm> 

<http://schema.org/MedicalWebPag

e/audience> 

http://schema.or

g/Patient 

<https://medlineplus.gov/en

cy/article/001525.htm> 

<https://medlineplus.gov/en

cy/patientinstructions/0003

91.htm> 

<http://schema.org/MedicalWebPag

e/audience> 

http://schema.or

g/Patien 

<https://medlineplus.gov/en

cy/patientinstructions/00039

1.htm> 

_:node266bc63ad0aaf66dae

a4a87983675233 

<http://schema.org/MedicalWebPag

e/audience> 

https://health-

lifesci.schema.o

rg/Patient 

<http://mis-varices-

info.es/es/conexiones> 

(a) 
 

Subject Predicate Object Uri 

_:genid2dde430d3d6a664e879

6b9654a5fa312882db88 

<http://schema.org/MedicalWe

bPage/audience> 

http://schema.

org/Clinician 

<https://fpnotebook.com/cv/Exam

/PlsPrdxs.htm> 

_:node3651c910a570c21033d

04278bfa589a8 

<http://schema.org/MedicalWe

bPage/audience> 

http://schema.

org/Clinician 

<https://fpnotebook.com/cv/Exam

/JPnt.htm> 

_:nodebd34e3af7dbf1d2c29d5

20cd3372c32e 

<http://schema.org/MedicalWe

bPage/audience> 

http://schema.

org/Clinician 

<https://fpnotebook.com> 

_:node76312b2a953eb616b45

ab7fe34f88c 

<http://schema.org/MedicalSc

holarlyArticle/audience> 

http://schema.

org/Clinician 

<http://www.creteilophtalmo.fr/en

/2012/neovascularisation-

choroidienne-compliquant-une-

dmla-atrophique/> 

_:node12c5ae94a53b3b39196f

ac4bc1aaaa9 

<http://schema.org/MedicalWe

bPage/audience> 

http://schema.

org/Clinician 

<http://www.choosingwisely.org.

au/recommendations/gesa> 

(b) 
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Subject Predicate Object Uri 

_:node4edd6b8535922346

09e785dd74bfa28 

<http://schema.org/Medi

calWebPage/audience> 

http://schema.org/http://sche

ma.org/MedicalResearcher 

<https://www.malacards.org/> 

_:nodea78f8069a42267ba

126819c0543d237 

<http://schema.org/Medi

calWebPage/audience> 

http://schema.org/http://sche

ma.org/MedicalResearcher 

<https://www.malacards.org/c

ard/chronic_leukemia> 

_:nodeb246e0cf395edb3ff

3564dbf73d916 

<http://schema.org/Medi

calWebPage/audience> 

http://schema.org/http://sche

ma.org/MedicalResearcher 

<https://www.malacards.org/s

earch/results/atorvastatin> 

_:genid2d8ba0b032efee42

68945f68fa2bd1f2442db0 

<http://schema.org/audi

ence> 

http://schema.org/http://sche

ma.org/MedicalResearcher 

<https://www.nanostring.com/

products/gene-expression-

panels/gene-expression-

panels-overview> 

_:node57b22f2149e6112a

71febf24e34f9d67 

<http://schema.org/Medi

calWebPage/audience> 

http://schema.org/http://sche

ma.org/MedicalResearcher 

https://www.malacards.org/ca

rd/inflammatory_breast_carci

noma 

(c) 

4 Mapping Language Complexity User Requirements to 

Audience Types 

As seen above, users have different requirements when searching for health infor-

mation on the Web. In particular, one of the most important requirement for non-

expert health information seekers is that the language used in the Web pages must be 

easy to understand. On the opposite, medical experts require that the info they are 

looking for presents a proper technical and rigorous terminology. We then consider 

two classes of users: 

 Non experts (e.g., patients or citizens); 

 Experts (e.g., physicians or medical researchers). 

We have taken the three subsets presented in the previous section, related to Pa-

tient, Clinician, and MedicalResearcher audience types, and, for each quadruple, we 

have analysed the related Web page in order to estimate its language complexity. To 

this end, we have evaluated the ‘term familiarity index’, as described in [6], [24], [25] 

of the English and non-empty Web pages (around 50% of the total). In particular, for 

each Web page, we have computed the term familiarity of each word by using the 

number of results provided by the Google search engine and we have then computed 

the page familiarity index by averaging all the term familiarity indexes. This infor-

mation has been stored in a database to avoid work duplication. 

In particular, for each Web page, we have computed and stored the number of 

unique words, the related page familiarity, the total number of words and the related 

page familiarity. The results of the performed experiments, for the three audience 

types, are available at the address 

http://www.math.unipa.it/simplehealth/simple2/ResSchema.php and the first six re-

sults of each audience type are shown in Fig. 3. 
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(a) 

      
(b) 

 
(c) 

Fig. 3. First six test results for Patient (a), Clinican (b), and MedicalResearcher (c) audience 

types. 
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Next, we have computed some statistics related the term familiarity indexes of the 

Web pages for the different target audiences and we have obtained the results reported 

in Fig. 4. It shows, for each specific type, the box plot of the average of the term fa-

miliarity indexes computed for all words (page familiarity). A box plot is a standard-

ized way of displaying the distribution of data based on a five-number summary 

(“minimum”, first quartile (Q1), median, third quartile (Q3), and “maximum”). Over-

all, the median and the first-third quartile interval of Patient is much higher of those 

of Clinician and MedicalResearcher that partially overlap. The outliers above the 

maximum mainly refer to pages that contain informative/commercial data for the 

different types of users and then use a simple language. The outliers below the “min-

imum” mainly refer to pages, such as those of the www.malacards.org domain, which 

indicate all three classes, as target audiences, but have a low term familiarity index 

clearly indicating that they should be targeted only to medical experts for what con-

cerns the language complexity. 

The experimental results show that the Web pages targeted to Patient, present, on 

average, a much higher term familiarity index and thus a simpler terminology whereas 

the Web pages targeted to Clinician and MedicalResearcher present, on average, a 

lower term familiarity index and thus a more complex terminology, even though Cli-

nician pages are a little closer to Patient pages. As a consequence, Patient pages, 

falling in the intervals shown in Fig. 4, can be used for the Non-expert class and Cli-

nician/MedicalResearcher pages, falling in the intervals shown in Fig. 4, can be used 

for the Expert classes producing then the following mapping: 

 Non-experts -> Patient 

 Experts -> Clinician and MedicalResearcher 

 

Fig. 4. Box plot of the average of term familiarity indexes for all words (computed in [6]).  
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This allows us to provide different types of users with health Web pages targeted to 

their specific language complexity requirements. Notice that the presence of struc-

tured data inside a Web page can also be seen, somehow, as a basic guarantee of in-

formation quality even though an evaluation of the quality level of a Web page con-

tent requires a specific analysis that is outside the scope of this work. 

5 FACILE architecture and implementation 

Once created the mapping model, as shown in the previous Section, we have built a 

meta search engine, FACILE, that provides the different audience types with the 

proper Web contents in terms of language complexity. The meta search engine can be 

accessed at the address http://www.math.unipa.it/simplehealth/facile and Fig. 5 re-

ports the input interface of the engine. Notice that it provides the user with two search 

possibilities: 

 A Search on semantic Web (schema.org) that allows a real-time search by using 

the health-lifesci.schema.org URLs analysed in the previous sections and allows to 

specify the audience type, i.e., non-expert (Patient) or expert (Clinician or Medical 

Researcher);  

 A Search on Google that uses the Google search engine in order to explore the 

whole Internet and find the Web pages related to the searched keyword(s) and 

recomputes the page ranking on the basis of the term familiarity of each Web page. 

Since this computation takes some time, the search, in this case, is not in real time 

in the sense that it is not providing the user with an answer in a time comparable to 

that of a generic search engine. Notice that the interface allows to specify the num-

ber of Google results (maximum fifty, higher than the twenty-thirty results usually 

analysed by a user [26]). 

 
Fig. 5. Input interface of FACILE search engine. 

 
Fig. 6 presents the Facile architecture. From top to bottom, we have the following: 

 The Client allows to search for the medical keyword(s). 
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 The Search Engine behaves slightly differently depending of the two types of 

search: 

─ In the case of Search on semantic Web (schema.org), it looks for the 

lifesci.schema.org URLs related to the keyword(s) into the FACILE DB and se-

lects the ones related to the chosen medical audience, i.e., Patient, Clinician or 

MedicalResearcher. Moreover, it provides a list of URLs sorted in terms of 

keyword(s) occurrences and term familiarity (see Section 5.1); 

─ In the case of Search on Google, it first uses Google to find a number of URLs 

(max 50) related to the keyword. It then uses the Web page retriever and 

Feature extractor and loads the results into the FACILE DB (this operation 

requires some time). Finally, it provides a list of URLs sorted in terms of term 

familiarity (see Section 5.2). 

 The FACILE DB, contains the the information related to the URLs. In the case of 

the Search on semantic Web (schema.org), each URL is associated to the page 

words and number of occurrences, the associated medical audience and the page 

familiarity. In the case of the Search on Google, each URL is only associated to 

the page familiarity.  

 The Web page retriever retrieves Web pages from the Web and the Feature ex-

tractor extracts/computes page features such number of words, term familiarity, 

etc. 

 The Health-life.sci.schema.org Quads contains the quadruples related to Patient, 

Clinician, and MedicalResearcher health-lifesci.schema.org elements. 

 

Fig. 6. FACILE Architecture  
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5.1 Use of FACILE with Health-lifesci.chema.org structured data 

This option, as seen above, gives the user the possibility to input one or more key-

words and to indicate the audience, i.e., Non-expert or Expert. The system looks for 

the lifesci.schema.org URLs related to the keyword(s) into the FACILE DB and se-

lects the ones related to the chosen audience. It then provides a list of URLs sorted by 

using the following ranking formulas: 

─ Non-Expert (Patient) 

R = α * (Term_Occurrences/Max_Occurrences) + (1 – α) * 

(Page_Familiarity_Index) / Max_Familiarity_Index)  (1) 

 

─ Expert (Clinician and MedicalResearcher) 

R = α * (Term_Occurrences/Max_Occurrences) - (1 – α) * 

(Page_Familiarity_Index) / Max_Familiarity_Index)  (2) 

 

Where:  

 Term_Occurrences is the number of occurrences of the keyword(s) in the 

page; 

 Max_Occurrences is the maximum number of occurrences 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; 

 Max_Famililarity_Index is the maximum page familiarity of all found Web 

pages. 

 α allows us to differently weighs the number of occurrences and page famili-

arity.  

Notice the non-expert formula is a sum because we want meaningful pages (with 

high number of occurrences of the searched item) but with the simplest language, 

whereas the expert formula is a difference because we want meaningful pages (with 

high number of occurrences of the searched item) but with the most com-

plex/technical language. 

We have made some preliminary experiments with the weight and found out that a 

value of α = 0.3 provided us with the best results in terms of correspondence between 

the intended audience and the provided Web pages. For example, Fig. 7 reports the 

top ten results of FACILE for the ‘diabetes’ keyword for the Non-Expert (Patient) 

and Expert (Clinician and MedicalReseracher). For each URL, the number of occur-

rences of the keyword (diabetes in this case), the page familiarity and the R result of 

the ranking formula are shown. 

By examining Fig. 7 we can easily see that the top links of Patient present a high 

term familiarity index and belong to medlineplus.gov which is notoriously a Web 

portal for non-experts. The top links of Clinician present a medium-low term familiar-

ity index and belong to the fpnotebook.com Web portal - which acts as a medical 

dictionary - and presents a technical language even though understandable by users 

with some medical skills or to malacards.org Web portal that is a human disease data-

base and presents a very technical and complex language. The top links of Medi-

calResearcher present a low term familiarity index and belong to malacards.org Web 
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portal that, as said, presents a very technical and complex language. Notice that some 

malacards.org pages contain all the three audience types and may appear in more than 

one ranking (as in the case of the Clinician and MedicalResearcher web pages) be-

cause often present a high number of occurrences of the searched item. Of course, the 

ranking mechanism presented here is just a first proposal and needs to be refined and 

enriched to transform FACILE in a proper user-oriented search engine. To this end, 

each result page contains a link to a “detailed page” that presents, among others, the 

possibility for the user to choose different values of α and thus to experiments with 

the different ranking possibilities. 
 

 
(a) 

 

 
(b) 
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(c) 

Fig. 7. Diabetes outputs for Patient (a), Clinician (b), and MedicalResearcher (c). 

5.2 Use of FACILE with Google  

The use of structured data related to the intended audience, in combination with the 

term familiarity of a Web page, provides a method for ranking Web pages in terms of 

the complexity level of the text. Generalising this approach, the term familiarity anal-

ysis can be used for ranking Web pages even when they do not contain any specific 

structured data about their audience. The Search on Google section of the FACILE 

meta search engine follows this approach by re-ranking the results, obtained through 

the generic Google search engine, in terms of page familiarity. 

An example of this approach is shown in Fig. 8. The results for the “Antibiotics” 

search keyword in Google, are ranked according to the page familiarity, as provided 

by FACILE. The table reports each URL with the Google rank and the page familiari-

ty. URLs are ranked by taking into account the page familiarity value of the corre-

sponding Web page, from the highest to the lowest. 

The results present a background colour that gives an indication of the intended 

audience. In particular, the green colour is used to highlight URLs that have a value of 

page familiarity above 6 that, as seen in Fig. 4, somehow indicates pages suitable to 

Non-Expert audience. The yellow color is used to indicate URLs that have a value of 

page familiarity between 5 and 6 and is related to an interval that lies between the 

Expert or Non-Expert “zone”. The red color is used to indicate URLs that have a val-

ue of page familiarity below 5, indicating Web pages more suitable, in principle, to an 

Expert audience. 

In our example, the top result is a web page that explains, in lay terms, what anti-

biotics are and how they work. The other top results of the list refer to nhs.uk and 

medicalnewstoday.com domains and also represent Web pages with information for 

non-expert users. On the opposite, the Web pages appearing at the bottom of the list 
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are related to concepts such as Tetracycline and the Timeline of antibiotics that use a 

language more suitable for experts. It is interesting to note how ranking the results 

according to the term familiarity notably changes the order of the resulting URLs. 

 

 

Fig. 8. Re-ranking Google search for the keyword “Antibiotics”. 

6 Conclusions 

The World Wide Web has more and more become the privileged source for an in-

creasingly number of people looking for health information. The typologies of availa-

ble information are able to satisfy the needs of different types of users, with different 

levels of expertise. The wide range of information, from practical suggestions to 

scholarly papers, matches the requirements of both experts and not experts when it 

comes to using the Web for health information seeking. However, generic and spe-

cialized search engines are not able to immediately and easily provide information to 

different audience types while, at the same time, exploiting all the health/medical 

information contained in the Web. 

In this work, we have identified the main requirements related to health infor-

mation seekers on the Web and have proposed an approach to classify Web pages in 

the health domain that satisfies the language complexity requirement. The proposed 

approach is based on structured data on the Web. In particular, the schema.org vocab-

ulary and, more specifically, the types and properties of its health-lifesci extension 

have been used to classify health Web pages according to the different audience 

types. 
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The use of structured data in combination with the evaluation of the term familiari-

ty index has led to a mapping between the language complexity user requirement and 

the different audience types. Preliminary experiments have been conducted to validate 

this approach and creating a mapping model. The results of those experiments have 

guided the design of a meta search engine that allows different users to find Web 

pages related to their language complexity requirements.  

The performed texts and experiments have provided us with satisfying results but a 

more comprehensive set of tests needs to be undertaken for a evaluating more effec-

tively the correlation between language complexity levels and the different audience 

types, thus, better identifying the thresholds for what concerns the term familiarity 

index of a Web page that led to classify the Web page as suitable for experts or non-

experts. Moreover, the ranking mechanism of the meta search engine presented here 

should be refined in order to weight the term familiarity index in combination with 

the number of the keyword(s) occurrences and other parameters related to further user 

requirements. The time for re-ranking the Google results also needs to be optimized 

so to to provide users with results in real or near-real time. 

Finally, other user requirements, such as the quality of information and the infor-

mation classification/customization, have to be taken into account and other types and 

properties of the schema.org vocabulary have to be included in the proposed method 

in order to provide users with on-line resources that satisfy the different user require-

ments and allow them to easily acquire, comprehend and learn health/medical infor-

mation by exploiting the Web [26], [27], [28]. 
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