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Abstract.

The present paper collected the asthma related 4,762 Web pages from
1,759 sites using 6 queries. Each site is manually categorized by the
standard topics of description and information dissemination, diary and
idle talk and Q&A. By careful analysis, it turned out that the pages can
be classified in non-topical categories such as “reading level”, “objectiv-
ity /subjectivity” and “reliability”. The manually assigned labels of non-
topical categories are then used as learning data to apply SVM (support
machine vector). The prediction performance (F-measure) were below
50% with the naive application of SVM. However, the prediction per-
formance was improved over 50% by feature selection except for reading
level.

1. Introduction

Concern about health is increasing by progress of the aging society. The needs for
medical information and health information are growing. By the spread of Webs
everyone can obtain information now comparatively easily. In order to meet these
needs, medical information and health information are offered in some public li-
braries. Tokyo Metropolitan Library, for example, has a Web page of health and
medical information corner, where we can see the lists of related books and mag-
azines [1]. Tottori prefecture Library and many other libraries have the medical
and healthcare corners and the special library on struggle against diseases The
information needs are high in the U.S. as well. There are varieties of practices
on service about health and medical information. The public librarian’s guide [2]
covers the useful sources on users, reference services, Web information and service
samples on medical and healthcare information, particularly in the U.S. public
libraries. The Beacon Hill branch at Seattle of Washington State public library is
offering a different kind of service, where they provide a free consulting session on
healthcare every month. They collaborate with SHIBA (Statewide Health Insur-
ance Benefits Advisors) and CISC (Chinese Information and Service Center) to
help non-native English speakers in introducing insurance system and hospitals
which can respond in languages other than English. This is a good sample to
respond diversified needs in medical and health care.



Compared to those special services on the libraries, Web and search engines
are widely used to obtain variety of data, from professional sources to general
information. Both specialized agencies and ordinary people use the Web as use-
ful media for information dissemination. Now, the Web itself is one information
service and acquiring information from a Web is performed as a general act.

In the present paper, we collected Web pages related to the medical treatment
and healthcare, and analyzed them based on the topics of the pages. Firstly,
we manually classified the Web pages according to the standard topics such as
portal site, Q&A, diary and blog. Secondly, we considered the non-topical views
[9] such as objectivity and reliability, to classify Web pages. Those criteria is
much more crucial as medical and healthcare information. Manual classification
is not effective for the huge number of real Web pages. So, we considered applying
the machine learning method to characterize those Web pages with non-topical
features. In this paper, we applied SVM (support vector machine) with feature
selection. We used the manually labeled Web pages as the learning data and
constructed the model whose prediction performance are over 50%, which is not
perfect but satisfactory as the first trial.

2. Related Work
2.1. Web Contents of Medical Institutions

Tkari[3,4] and Hashimoto et. al. [5] studied the contents of Web pages contain-
ing medical and healthcare information in Japan. They analyzed the Web pages
of medical institutions in Tokyo, Kanagawa and Chiba prefectures listed on the
Kanto-region hospital list of names 2001/2003. Hashimoto et. al. [5] reported the
progress of information dissemination for raising the accessibility of the hospi-
tal to patients and for producing a brand of each hospital. On the other hand,
they confirmed that only 20% hospitals provided the medical information and the
patient education information. Here they use the term “medical information” to
represent the doctors’ career and school education, staffs organization, medical
facilities, medical results and expense information. The term “patient education
information” represents the link to disease information, prevention / life manage-
ment information, the medical treatment method information, the patient meet-
ing information, other medicine sites and the inter-regional association. We use
the term “medical and healthcare information”, in the present paper, meaning
close to the term “patient education information” of [5].

Toyama et. al. [6] surveyed the contents of Web pages of dental care organiza-
tions. Setoyama and Nakayama [7] studied the contents of public health centers’
Web pages. Sasaki and Nagamatsu [8] reported concerning medical information
for foreigners on the local government Web pages.

Most of these reports are centered on the medical institutions and are pub-
lished in 2002 and 2003. Even the latest ones [7,8] are in 2008. In those days, Web
pages were created mainly for information dissemination of companies and orga-
nizations and not for individual users. The number of Web pages was not huge as
it is today, where ordinary people write their blogs and send their message on the



twitter. These information is easily available through search engines. In a word,
the situation of Web in 2002 and 2003 were quite different to that of nowadays.

2.2. Non-Topical Categories

This paper analyzes the Web pages containing medical treatment and healthcare
information, focusing on asthma. However, the analysis viewpoint is not in med-
ical or healthcare but in non-topical categories. Following the previous work [9],
we consider the following four categories — “target reader”, “reading level”, “ob-
jectivity” and “reliability”. From a careful inspection of the collected Web pages,
we believe that this viewpoint is useful.

The name of a site is a useful clue to estimate the reading level, i.e., the
required knowledge to understand the content of the page. However, we found
several pages that require middle level knowledge which cannot be guessedd from
the names of the sites. The reading level and the readability are closely related.
Sakai [10] listed the syntax, the vocabularies and the structure of a sentence as
the factors that affect the document readability of the medical treatment and the
healthcare information.

The proper evaluation of the reliability would not be able unless we are ex-
pert. However, there are some proposals of automatic judgement of the reliabil-
ity. Miyamori et.al. [9] proposes the four criteria — the information content, the
information source, the information appearance and the social evaluation, as the
standards to estimate the reliability. The reliability of the information source is
determined by the reliability of the institution or of the person who delivered the
information. The information appearance is measured if and how the source and
the contact is shown clearly. They evaluated the reliability by combining the four
measures. Terajima et.al. [12] proposes to evaluate the reliability of a Web site
by the four items — the producer, the information basis, the creation and revised
date, and the contact.

3. Medical Treatment and Healthcare Information on the Web
3.1. Search Queries to Collect URLs

We expected that there would be too much information on medical treatment
and healthcare on the Web. The target of our analysis is not in the diversity of
diseases, but on the diversity of description of those information. So, we limited
the target pages to a specific disease. Firstly, we collected the URLs of Web pages
which contains keywords related to medical treatment or healthcare information.
We sent search queries to the search engine google in February and March 2013.
As a query, we used the name of a disease and a another word considered to be
used at the same time. We prepared the following 6 queries: “asthma treatment”,
“asthma condition”, “asthma cause”, “asthma prevention”, “asthma experience”
and “child asthma”. Those are the English translation of the original Japanese
queries. The collected pages are written in Japanese. As the result of search, we
obtained 8940 85100 95100 10370 890 and 842 URLs respectively to each query,
which amounts to 5,465 URLs in total. We manually operated this process without
using API. By removing the duplicated URLs, we obtained 4,762 URLs.



3.2. Categorization of Web Sites

Table 1 shows the top 17 sites categorized by topics. The second author chose the
topic of each site. The name of the sites are authors’ English translation of the
original Japanese names of the sites. The sites of the topic “Q&A” contain the
frequently asked questions and the answers for the questions. Anyone can ask and
respond on the sites with unspecified anonymity. A “portal” site covers a general
information such as the cause, the condition, the treatment and the way to search
the hospitals on a specific disease.

topic name URL # pages %
1 Q&A Yahoo! Chiebukuro detail.chiebukuro.yahoo.co.jp 132 2.8
2 portal Happy Husband and Wife happyfu-fu.com/zensoku 91 1.9
3 Q&A OKWave okwave.jp 64 1.3
4 blog Livedoor blog blog.livedoor.jp 53 1.1
5 blog Ameba blog ameblo.jp 52 1.1
6 portal Change Asthmal naruhodo-zensoku.com 49 1.0
7 portal Comprehensive Asthma Site zensoku.jp 49 1.0
8 portal Hospital Navi Momo momo365.jp 48 1.0
9 portal Cause and Treatment of Asthma  ppaapp.com/zensoku 41 0.9
10 shopping Prevention of Hay Fever kahunbousinm.blog.so-net.ne.jp 39 0.8
11 Q&A Yahoo! Chiebukuro chiebukuro.yahoo.co.jp 38 0.8
12 blog goo blog blog.goo.ne.jp 38 0.8
13 Q&A Teach Me! goo oshiete.goo.ne.jp 37 0.8
14  shopping Amazon WWW.amazon.co.jp 34 0.7
15 shopping Google book s books.google.co.jp 32 07
16  blog Yahoo! blog blogs.yahoo.co.jp 32 0.7
17 Q&A AskDoctors asthma.askdoctors.jp 32 0.7

Table 1. List of Sites of Medical Treatment and Healthcare Information

“Yahoo! Chiebukuro” appears at the top and at the 11-th and contains many

pages. “Yahoo! Chiebukuro” contains the questions such as the cause of the
asthma which does not come out at all when sleeping night and the cause and
prevention of bronchial asthma. The 17-th “AskDoctors” is a Q& A site where the
visitors can ask to the doctors. The doctors respond to the questions of ordinary
people. In addition to Q& A, there are items, such as illness and a condition ency-
clopedia, a medicine encyclopedia, and hospital search, in this site. High ranked
Q&A sites, such as “OKWave” and “Teach Me goo”, are realized by many and
unspecified questioner and respondents. There are 303 Q&A sites, in the top 17,
which cover 6.4%. The ratio of Q&A sites is larger than that of blog pages.
“Happy Husband and Wife” is the top site among the portal sites, where
all searched pages are on the directory “/zensoku”. An ordinary person who is
not a medical staff is managing this site. This person provides a bulletin board
where anyone can use for information exchange. The 6-th ranked site of “Change
Asthma” is a comprehensive site about the right asthmatic knowledge and medical
treatment run by two drug companies. The doctors are supervising the contents.
There is an item of the cure for asthmatic, the medicine for asthmatic, the point



of prevention, etc. “Comprehensive Asthma Site” is also run by a drug company.
The site offers the information dissemination and illness hospital search about
adult asthma and child asthma. “Hospital Navi Momo” is a portal site where they
provide a nationwide search service of hospitals and clinics for women. The site
is ranked among the top sites, because many information of the hospitals which
named asthma as the medical examination item were contained in the search
results.

As a summary of the topical analysis of the sites, we found that most of
the medical treatment and healthcare information come either from information
dissemination by many and unspecified people, such as Q&A and blogs, or from
the portal sites which offer information synthetic about a specific disease.

8.8. Manual Inspection of Web pages

The second author and a student made a detailed topic categorization of search re-
sults which were retrieved with the queries “asthma experience”, “asthma cause”
and “asthma treatment”. The number of Web pages are 842, 951 and 60, respec-
tively. There were 1,837 pages after removing the duplicated pages. We excluded
some URLs, such as the link to a movie, which were not accessible. We compiled
1,759 pages. Table 2 displays the content based topic categorization. We classified
some pages of portal sites into Q& A pages, when the pages contains the questions
and the answers.

category # pages  ratio(%)
information dissemination 486 27.6
diary and idle talk 383 21.8
Q&A 184 10.5
bulletin board 90 5.1
experiences 90 5.1
institution introduction 87 4.9
goods and products 74 4.2
news 64 3.6
books 53 3.0
Q&A by doctors 51 2.9
other 197 11.2
total 1,759 100.0

Table 2. Contents of Pages

The category of “information dissemination” has the largest number of Web
pages which give description and explanation about the condition, the cause,
and the cure of asthma. Most of those pages are in the portal sites of Table 1.
But we found several sites of clinics where asthma is explained as their medical
examination. We found many pages in the medium size portals where various
information on asthma are provided. The second largest category is “diary and
idle talk”. The blogs describing individual contents are included in this category.
But, the pages introducing individual experience and experience of many people
collectively was included in the category of “experiences”. The pages introducing



of instruments, such as medicine for asthmatic medical treatments, programs,
books, inhalers, and the pages recommending purchase are classified in “goods
and products”. There are conspicuos pages where the cure experiences of asthma
were introduced and then the medical treatment programs are recommended.

On the whole, it turned out that there are two types of Web pages. The
Web pages of the first type give the description and the information about the
disease. The second type consists of the categories “diary and idle talk”,”bulletin
board” and “experiences” whose purpose is to share personal information. A
typical page of the second type is created to form a community of patients for
sharing information. In another words, those pages are splitted into the pages for
offering the objective fact about medical treatment and health and the pages for
sharing individual experiences and opinions.

4. Non-Topical Categorization
4.1. Variety of Search Purpose

The search engines return a variety of information as a ranked list of Web pages.
We only have to send a query. However, the ranking of search results is deter-
mined by the relationship between the query and the main contents of each Web
page and the popularity of the page. Before we read each of the search results,
we do not know the assumed reader of the page, the reliability of the page and
the subjectivity or the objectivity of the page. There might be a diversity on the
contents of Web pages even if they are dealing with the same topic depending on
who writes the page, why and how is the page is written. Imagine a topic “asthma
treatment”, for example. A page might be written by a patient who writes his
experience. Another page might be written by an medical institution or by an
expert to explain the latest treatment of the disease. The former page is valuable
for a patient who is looking for other patients’ experience of the same disease.
Sharing the experience would be more important than the reliability of the infor-
mation. On the other hand, the later page is more important than the former, for
a person who is looking for the latest treatment. The reliability and the quality
of the page is crucial in this case. That is, even if they are searching in the same
topic, the information they need differs according to the viewpoint. Thus, in or-
der to enable various search, it is necessary to assign the additional information
corresponding to those viewpoints, which are not necessarily contained explicitly.
The present paper considers the categorization of Web pages based not on the
standard topics of healthcare and medical treatment, but on the non-topical cat-
egories. We first manually assign the labels. Then we apply a machine learning
method for classification to those non-topical categories.

4.2. Manual Assignment of Non-Topical Category
Based on the previous work [9], we selected four categories — “target reader”,

“reading level”, “objectivity” and “reliability” as non-topical categories. We man-
ually inspected the 1,759 pages as we did in the previous section. We used the



labels of “ordinary person”, “expert” and “child” as the label of target reader. We
used 1,2,3,4 and 5 to evaluate the level for the other three categories. We asked
three subjects to label the Web pages. Before starting evaluation, we asked them
to discuss some sample pages to negotiate the evaluation so that the judgement
should be stable. Then each subject evaluated the pages.

Concerning to “target reader”, 96.2% of 1,759 Web pages are for ordinary
person. Only 26 pages (3.7%) are for experts. Most of the pages are the research
reports and bibliographic information of research reports. There are only 2 pages
for child. The pages are the quiz pages in a site where children can learn about
asthma. There are many Web pages dealing with child asthma, since we searched
with “child asthma”. But the most of the pages are aimed at their parents and
not for children.

84.8% pages were labeled as the pages which slightly require advanced knowl-
edge with respect to the reading level. Most of those pages are evaluated to target
the ordinary persons. The pages labeled as to require “advance knowledge” are
the scientific articles in CiNii ! and the description pages of the condition which
the medical association offers, in which technical terms are used. The Q&A sites
by doctors are labeled as to require “a little advanced knowledge”.

Concerning to the subjectivity and the objectivity, the largest group of Web
pages are labeled as “subjective” which have 464(26.5%) among 1,759 pages.
The similar number of pages are classified as “objective” or “neutral”. There are
many pages of patients’ experiences in “subjective” pages. Most pages judged
as“objective” are labeled so, mainly because they seem to be written by an med-
ical institution or by a doctor. The purpose of those pages are information dis-
semination.

level 7 pages level 7 pages
1  unreliable 315 1  subjective 464
2 slightly unreliable 428 2 slightly subjective 428
3  neutral 466 3 neutral 452
4 slightly reliable 161 4 slightly objective 119
5  reliable 389 5  objective 296
total 1,759 total 1,759
Table 3. Reliability Table 4. Subjectivity and Objectivity

level # pages

1 no knowledge 11

2 slightly required 29

3  medium degree 1,492

4 a little advanced 123

5 advanced 104

total 1,759

Table 5. Reading Level

Thttp://ci.nii.ac.jp



5. Classification by Support Vector Machine with Feature Selection

When we ordinary people search for information on a disease and on a treatment
of the disease, we use the keywords that represent the disease, the condition and
the treatment. We use the query such as “asthma treatment”, “asthma condition”
or “asthma cause”. However, the evaluation of a Web page obtained as the search
result depends not only those topical contents of the page, but also on the person
who wrote the page, on whether the page is reliable or not, and on whether the
page describes the subjective facts or the objective opinions and experiences. In
the present paper, we call such a viewpoint as a non-topical category. It is not
a trivial task to choose appropriate keywords to describe those non-topical cate-
gories. If we know the characteristic words that determine a non-topical category,
we can select the documents we want.

We apply the machine learning method SVM (support vector machine) to
determine the non-topical Web pages. SVM is used in many domains as the
technique of machine learning with high flexibility. The strength of SVM is in its
applicability to the high dimension data which have a huge number of attributes.
It has been believed that we do not have to focus on the particular attributes
to obtain the best performance of classification. On the other hand, there have
been researches on the feature selection where an appropriate set of feature are
pursued to interpret the meaning of the classification. It has been reported that
there are some cases where the feature selection greatly improves the classification
performance [13].

c eval prec rec F acc c eval N prec rec F acc
r 1 0.1877 0.8808 0.3089 0.4240 r 1 800 0.3221 0.8344 0.4642 0.7195
r 5 0.2962 0.9640 0.4521 0.4601 r 5 900 0.4610 0.9039 0.6061 0.7271
s 1 03223 0.9410 0.4798  0.5069 s 1 1000 0.4775 0.8786 0.6183 0.7373
S 5 0.2133 0.9620 0.3486 0.3811 S 5 900 0.3525 0.8565 0.4982  0.7042
1 1 0.0437 0.8000 0.0825 0.6974 1 1 9000 0.0466 0.8000 0.0878 0.7049
1 5 0.0845 0.9351 0.1545 0.3301 1 5 900 0.1145 0.8743 0.2014 0.5413
Table 6. Naive SVM Table 7. Optimal Feature Selection

We apply the method of [13] to the learning data which we explained in the
previous section. Table 6 displays the prediction performance by naive application
of SVM, where each page is vectorized with all words that appear in the page.
The first column denoted by “c” shows the non-topical categories. “r” stands for
the reliability, “s” stands for the subjectivity and the objectivity, and “l” stands
for the reading level. The performance for the reading level is very low, because
the number of pages of the level=1 or level=5 are very small, as we can see in
Table 5. The F-measures for the reliability and the subjectivity are between 30%
and 50%. Table 7 shows the prediction performance with the optimal number of
feature words. The F-measures are improved by 10% to 20%. Figure 1 displays
the F-measures with respect to the number of feature words in the vertical axis.
We can see that the feature selection improved the performace for the reliability
and for the subjectivity/objectivity.
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Figure 1. Prediction Performance

6. Conclusion and Further Work

The present paper studied the medical and the healthcare information on the
Web. Asthma related Web pages are collected and analyzed. The reading level,
subjectivity/objectivity and the reliability are considered and used as the view-
points of the analysis. Manual inspection of collected pages revealed that the non-
topical view is helpful. The manually assigned labels of non-topical categories are
then used as the learning data for machine learning method SVM to predict the



classification. It is confirmed that the optimal feature selection is effective yielding
50% to 60% prediction performance (F-measure).

The data analyzed in the present paper is very limited. Further evaluation

is necessary by expanding the queries in collecting the Web pages as well as by
considering other non-topical categories.
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