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Abstract

This study developed and implemented a children’s immuniza-
tion management system with English and Traditional Chinese
immunization ontology for semantic-based search of immun-
ization knowledge. Parents and guardians are able to search
vaccination-related information effectively. Jena Java Appli-
cation Programming Interface (API) was used to search for
synonyms and associated classes in this domain and then use
them for searching by Google Search API. The searching re-
sults do not only contain suggested web links but also include
a basic introduction to vaccine and related preventable dis-
eases. Compared with the Google keyword-based search, over
half of the 31 trial users prefer using semantic-based search
of this system. Although the search runtime on this system is
not as fast as well-known search engines such as Google or
Yahoo, it can accurately focus on searching for child vaccina-
tion information to provide search results that better conform
to the needs of users. Furthermore, the system is also one of
the few health knowledge platforms that support Traditional
Chinese semantic-based search.
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Introduction

Vaccination significantly prevents the development of specific
diseases [1, 2]. High vaccination rates are seen for compara-
tively older mothers and for those with greater levels of
knowledge about child immunizations [3]. In addition, with
the development of the World Wide Web (WWW), health
resource websites have increasingly become an important
source of knowledge about child vaccinations for parents and
guardians. There are free medical and health resource sites
with large amounts of evidence-based or clinical medical liter-
ature such as the Cochrane Library, but this literature can be
difficult for lay people to comprehend. These sites often con-
tain medical terminology and are usually targeted towards cli-
nicians (doctors, nurses, radiologists, etc.) or academic re-
searchers. This is in contrast to the child immunization infor-
mation available on general websites, which is more readable
and at a more appropriate level of difficulty. These websites
can provide easily accessible information for parents and
guardians who do not have medical or health backgrounds.

However, some issues were mentioned in searching infor-
mation through general websites. These include the infor-

mation being filtered on the web, and the possibility that key-
word-based searches can generate a large number of websites
that do not contain relevant information, or even inadequate or
incorrect information. The information sought by parents and
guardians may not always be available from keyword-based
searches [4]. In order to ensure more effective search strate-
gies, the semantic web has been seen increasingly as an im-
portant foundation for current web search strategies [4, 5].

Children’s Immunization Information Search

Current well known children’s immunization informational
websites and search engines in English and Traditional Chi-
nese largely adopt the keyword-based search strategy: exam-
ples include the Taiwan Centers for Disease Control (CDC),
BabyHome, the National Taiwan University Hospital
(NTUH), Everyday Health, Google, Yahoo, and Microsoft
Bing. Apart from BabyHome, all of these websites provide
synonyms for users to refine their searches. Websites that pro-
vide semantic search functions include the health information
sites Web MD and HealthMash. While WebMD provides se-
mantic-based searches in English only, HealthMash provides
English and Simplified Chinese semantic searches [6].
HealthMash utilizes National Library of Medicine (NLM)
Medical Subject Headings Thesaurus and the Unified Medical
Language System (UMLS) as foundations for its semantic
structure [7]. While it can provide searches in Simplified Chi-
nese, it is still lacking in support for health and medical infor-
mation search conducted in Traditional Chinese [6, 8]. Med-
story, purchased by Microsoft in 2007, is perhaps the website
that most closely matches the needs of web users in Taiwan;
however, to date no formal website has been developed for it;
one can obtain information regarding its earlier semantic func-
tions only in the literature.

Keyword-based and Semantic-based Search Design

The top search engines in use like Google, Yahoo, and Mi-
crosoft Bing provide keyword-based search functionality in
order to meet users’ needs, in which the suggested keyword
searches are based on popular keyword combinations. Howev-
er, these suggested keywords may distract users from their
initial keywords, and simultaneously increase the popularity of
existing suggested keywords; in the meantime, initially desired
keywords that more accurately reflect the search topic may be
ignored. If search phrases can undergo semantic analysis, or be
presented in a domain ontology, this will avoid unnecessary
high frequency phrases that might inaccurately reflect search
intentions and might influence user behavior.
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The foundation of semantic web construction lies with ontolo-
gy design. According to expressivity and complexity of struc-
ture, an ontology could be a Taxonomy (terms with simple
hierarchic structure), a Thesaurus (terms, synonyms, broad-
er/narrower term and association), a Conceptual Model (con-
cepts structured, relations, properties, attributes and instances)
or a Logical Theory (extending with axioms and rules) [9].
The key development stages for an ontology include defining
the domain definition, considering whether an existing related
ontology is applicable, proposing terms from the related on-
tology, providing concept and hierarchy definitions, and estab-
lishing instances [10, 11]. Regarding existing related ontology
concerning immunization, the UMLS Metathesaurus, not only
is in relevant domains but also can be applied in the semantic
web, thereby providing a more accurate and flexible search
phrase to obtain precise biomedical knowledge. In addition,
through BioPortal website, one can identify existing ontologi-
cal structures for reference [12]. However, what is notable at
present is that the majorities of related domain ontological
structures are available only in English and cannot be used for
search in Traditional Chinese characters directly.

Research Aim

The purpose of the study is to develop a semantic-based search
system for parents and guardians searching for immunization-
related information in English and Traditional Chinese and
then to evaluate its search ability. For developing the immun-
ization ontology, domain experts are consulted. The ontology
is designed in English and Traditional Chinese. Once users
have keyed in their search phrases, the system uses the onto-
logical relationships to identify synonyms and related words
and then adopts the Google Search API to perform semantic
search. This allows users to quickly obtain desired immuniza-
tion information. Additionally, for presenting the complete
immunization information in search results, the vaccinations
and related diseases descriptions collected by the study are
simultaneously displayed to users. Finally, to examine the usa-
bility of the immunization ontology in Traditional Chinese as a
semantic-based search for Taiwanese users, a comparison with
the search results of other search tools is also conducted.

Methods

The following paragraphs detail the methodology and system
structure used in the present research, as well as the evaluation
processes used to verify the usability of the designed system.

System Architecture

In developing the semantic-based search system for children’s
immunization knowledge, in addition to referring to the litera-
ture, we also interviewed four mothers with young children
and two specialists in the area. After system analysis and de-
sign, we proposed the functions and architecture as demon-
strated in Figure 1. In addition to user account management,
immunization schedule, immunization reminder, and schedule
update, the system also provides related disease and vaccina-
tion information. The search function is the main core of this
study shown in Figure 1. In an attempt to provide comprehen-
sive information for the semantic-based searches, basic infor-
mation on related diseases and vaccination are also shown in
the search results. The complementary basic information de-
rives from pediatric literature, 56 documents from web re-
sources, and 13 documents from Taiwan CDC.

Immunization Knowledge Ontology
User Management

Immunization Schedule
Immunization Reminder = —
Diseases and Vaccinations ‘
Schedule Update MS SQL 3
g Immunization Schedule
(JAVA) SERVER

Web Server M

|Informntion Search

Figure 1 - System Functions and Architecture

The system was developed using Java, JavaScript, and Java
Server Pages (JSP). The website is run by Apache Tomcat,
and all individual user information, children’s immunization
records, and related-diseases and vaccinations information
were stored in a MS SQL server database. The Protégé was
used to implement the immunization ontology because it can
export file into Web Ontology Language (OWL). After that,
Jena API and Protégé OWL API were utilized to access the
ontology content.

An immunization information search consists of four interface
options. The first and second involve the user directly clicking
on the vaccination name in the immunization schedule, and
choosing from among preset frequently encountered vaccine
and disease names that appear on the system. The third option
involves the user typing in a search phrase that then undergoes
a semantic-based search, and the fourth option utilizes a key-
word-based search from the typed search phrases.

The processing workflow for options 3 and 4 are shown in
Figure 2. Once a user has entered a search phrase, the system
will convert all capitalized letters into lowercase in the English
alphabet, and conduct either a keyword search or search using
the entire phrase. If the search is conducted through the se-
mantic-based search, the system will first check for Traditional
Chinese and English synonyms in the immunization ontology.
If synonyms identified, then variants of the synonyms are de-
fined as keywords in the search. Apart from searching for syn-
onyms in the search phrase, the system will also conduct onto-
logical analysis (see Figure 3). For example, if the term be-
longs to the class named “Vaccine”, then the disease prevented
by this vaccine can be obtained by the relationship of “Pre-
vents”. Conversely, if the term belongs to class named “Dis-
ease”, then the vaccine that can prevent this disease are linked
by the relationship “Prevented-By”. The obtained vaccine or
disease names are designated as final search terms.
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Figure 2 - Flowchart of search phrases pre-processing and
execution
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Figure 3 - Immunization ontological structure

Moreover, for search interface options 1 and 2, once the user
has selected the vaccine or disease name, the system will use
semantic-based search in a similar way, to compare against
synonyms and classes from the immunization ontology and to
conduct subsequent information searches. The benefit of these
two search options is that it saves the time of having to type
out the search phrase, and the user can target specific ques-
tions for further searching.

System Evaluation

The system evaluation includes three key parts. The first part
is the evaluation of the immunization ontology designed for
this research. The team consulted specialists in clinical phar-
macy and immunization to comment on and suggest improve-
ments for the comprehensiveness of the ontology. The second
part involves verifying the system performance. In addition,
semantic-based search runtime, accuracy, comprehensiveness
of results, and synonym searches are also analyzed. Lastly, the
four mothers involved in the initial focus group interview,
eight medical practitioners and nineteen computer science stu-
dents were invited to use the system, providing feedback on
their experiences with the system and suggesting areas for im-
provement.

Results

The results broadly cover two areas. The first consists of find-
ings concerning the immunization ontological design, and the
second outlines the functional design of a semantic-based
search for children’s immunization management system. As-
sessments and explanations are provided for results from both
areas.

Children’s Immunization Ontology Design

Protégé was used for the final design of the ontological struc-
ture, as shown in Figure 3. Considering the majority of search-
es on children’s immunization are on topics related to vaccine
information, the disease prevented by a vaccine, symptoms of
diseases, and optimal point-of-time or period for vaccination,
after consulting the UMLS Metathesaurus, the four classes of
vaccine, disease, symptom, and age were established. The vac-
cine class was further divided into live attenuated vaccine and
killed vaccine, and age was separated into two classes of
point-of-time and period, depending on the vaccination re-
quirement. In addition, to improve the reliability of semantic-
based searches, symptoms characterizing different diseases
were established as additional relationships. Each class is in-
terrelated via its ObjectProperty settings, including the terms
“Occurs_In”, “Prevents”, “Prevented By”, and “Related To”.
Synonymous terms are presented by the DataProperty. Once
the ontological structure is completed, additional instances are
added to respective classes, and new instance synonymous are
added as well. Finally, the relationships between instances are
assigned by defined ObjectProperty (relationship).

Support for Semantic-based Search in the System

In order to store resources on vaccines and relevant diseases,
two tables were established. The vaccine table contains the 1D,
Traditional Chinese and English vaccine names, vaccine prop-
erties, an introduction to the vaccine, the suitable ages for re-
cipients, dosage, mode of inoculation, injection sites, adverse
reactions and contraindications, seroconversion rate, and dura-
tion of immunity. The disease table contains fields for ID, dis-
ease name, infectious agent, mode of transmission, period of
communicability, symptoms of infection, the case definition,
and methods of disease prevention, treatment, and related pub-
lic health regulations.

The main system function “Information Search” has two sec-
tions on web page. The upper section displays the search func-
tion where a user can type in their search phrase from both
semantic-based search functions of our system or a Google
keyword-based search (Figure 4a). The lower section lists vac-
cines and related diseases identified from our internal data-
base, where users can select these terms directly without per-
forming another keyword search: this is the aforementioned
option 2 search interface. Search option 1 is located on the
“Immunization Schedule” web page, where users can directly
select vaccine names to obtain further information. The snap-
shot of search result is shown in Figure 4b.

(a) Information Query
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Figure 4 - System Interface and Display’

System Evaluation

The system evaluation is divided into three sections. The onto-
logical design and improvements developed from consulta-

! The original system interfaces were designed in Traditional Chi-
nese. For the publication reason, web pages were fully or partially
modified in English.
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tions with specialists are shown in Figure 3. Furthermore,
comparisons of search results among various search engines
and the current system are listed in Table 1. We tested the
runtime of semantic searches using the term “BCG” with the
current system, Google, and Yahoo, and found Google used
the least time, while the current system took the most. The

indicator of relevance of search results is assessed by whether
relevant documents are listed at the first in the search results. It
shows that HealthMash and current system produced links to
relevant articles in the 1st search results, while Google, Ya-
hoo, and Microsoft Bing had the relevant articles appearing
between 6th and 8th in the search results.

Table 1 - Comparisons among search tools using the term “BCG” as an example

Comparisons The Study HealthMash Google | Yahoo |Microsoft Bing
Runtime of search (microsecond) | 188-220 ungettable 80 170 ungettable
The relatedness of results
Which result is related to search | The Ist The 1st The 7th | The 8th | The 6th
phrases in the result list.
The complete- ® To show the ontological structure ® To show related compositional
ness of results ® To present the definition of search phrases terms.
) Sameness ® To filter the search location
(1) Functions ® To filter the search language
® To translate the content of web
The Study: Google:
® The ontological structure is shown in Traditional ® To filter the published date or
Chinese. duration of target resource
® The target resource for search is the same as ® To present the definition of
Difference Google’s search engine. search phrases from dictionaries
HealthMash: ® To show the result according to
® The ontological structure is shown in English. the read difficulty level
® The target resource for search includes limited Tai- ® Yahoo & Microsoft Bing:
wanese websites or Chinese articles are more likely ® To configure the number of
in Simplified Chinese, not in Traditional Chinese. search results per page
(2) To show synonyms Yes No No No

For the comprehensiveness of the search, Google, Yahoo, and
Microsoft Bing all displayed terms that were related to the
search phrase, but they were frequently terms entered by other
users in previous searches or colloquial terms. HealthMash
displayed BCG-related terms and definitions, with the search
results also classified based on semantic structure. For exam-
ple, with the term “BCG” entered as the search phrase, the
results reflected the semantic structure of: Causes (including
disease), Treatments (including therapy and prevention), and
Risks and Effects (including bladder cancer and high risk).
The sources of the results can also be classified into Health
News, Videos, Images, Drugs and Substances, Clinical Trials,
Web, Articles, Books, Blogs, and Twitter. The current system
displays the definition of BCG, suitable ages for vaccination,
disease prevented and related conditions in its semantic struc-
ture. Users can select any of these classes in the semantic
structure to further their search. In addition, the system also
provides synonymous terms so that users can familiarize them-
selves with context, and to increase their knowledge on the
current search topic, a brief introduction to BCG is also dis-
played on the results page.

Additionally, to explore the differences in search outcomes
between semantic-based and keyword-based searches for exist-
ing health information websites, the current study took “BCG”
and its Traditional Chinese synonym “-£4}-1” as search terms
and typed them into a number of well-known health infor-
mation websites in Taiwan: the results of this are described in
Table 2, and suggest that other websites likely did not conduct
their searches with synonymous terms, nor did they combine
searches with vaccines or related diseases, and as a conse-
quence a larger number of unrelated search results were pro-
duced.

After the functional comparisons, 31 individuals were invited
to use the system. The participants all agreed that there is a

practical need for children’s immunization management sys-
tems. Compared with the keyword-based search, 67.7% of
responders preferred the semantic-based search option provid-
ed by the current system. Feedback for improvement covered
the topics of the system interface design, ontological structure,
and the system providing more related information in its re-
sults. Figure 4 is the modified interface design based on this
feedback. With regard to ontological design, authors believe
that changes should reflect knowledge advances in the field in
order to provide the most accurate and up-to-date information
for users. In order to improve the comprehensiveness of the
search, the inclusion of vaccine pictures, current vaccine prev-
alence in Taiwan, and related health insurance information
should be considered.

Table 2 - Comparisons of the related search results number
among Taiwanese health information websites

Taiwan | Baby | Health Education

Websites | The Study CDC |Home| Center of NTUH

BCG 127,000 | 1,320 0 22

RN 127,000 | 1,730 |94 |15

Discussion and Conclusion

The present study designed a vaccine and related-disease in-
formation database whose implementation differs from the
keyword-based search. This database presents accurate and
relevant immunization information to parents and guardians by
combining a semantic-based search function with an immun-
ization ontology. While at present the search runtime lags be-
hind other well-known search engines, the search results better
target vaccination information and can reduce the amount of
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time users spend looking for relevant information. Ontological
design and semantic-based search runtime are discussed be-
low, followed by an outline of the limitations of our research
and future work.

Concerning runtime of semantic-based search, the present sys-
tem’s search runtime is more than that of other well-known
search engines. This could be due to the fact that loading the
embedded Google API requires extra time. In addition, the
current search takes the time to focus more on relevant infor-
mation sought by users, thereby reducing the overall time
spent researching for relevant information. Search result rele-
vance in general is defined by precision and recall. It is possi-
ble the numerous semantic restrictors will limit the amount of
information identified; however, the search settings will avoid
situations where no results are identified [8]. In order to avoid
excessively strict search conditions, the system will modify
search terms into those with less restriction when initial condi-
tions produce no results without sacrificing the meaning of the
original terms.

The related health information website are WebMD and
HealthMash [6, 13]. Compared with the ontological designs
and display of these two websites, the current system has a
more concise ontological structure. WebMD and HealthMash
have more numerous and finer classes within their databases.
This is because these websites are general health information
providers and therefore need to encompass all possible health
information into their design, whereas the ontological design
of present research is concerned only with immunization
knowledge and does not require its information classes to be
as detailed. HealthMash provides both English and Simplified
Chinese semantic-based search, but such search results contain
little Taiwanese information that maybe not easy to intuitively
comprehend for a Traditional Chinese user. While there are a
number of online translation tools that can translate between
English and Traditional Chinese, the integrity and accuracy of
such translations are not guaranteed. In comparison, our search
system displays its semantic structure in Traditional Chinese
and allows searches in both Traditional Chinese and English,
meeting the needs of the Taiwanese general public.

The current research has three main limitations. First, concern-
ing semantic-based search design, while the research design
considered the relationship between vaccines and related dis-
eases, these relationship sets may restrict information that may
otherwise have been identified, as mentioned previously. In
addition, the ontological design of the present research is
based on Traditional Chinese and English, and therefore in-
formation written in other languages is excluded from the
search. Lastly, concerning pre-processing of search phrases,
the current system places emphasis on its semantic-based
search design and did not target structural analysis of lengthy
search phrases, the assumption being that users will mostly
likely type in common terms. If search phrases are lengthy or
overly complicated, the system may not identify a synonym or
related term in the ontological structure. This may reduce the
semantic-based search capacity.

Future semantic-based search functions should utilize more
polished pre-processing tools, and incorporate user feedback
on individual research results as a parameter when determining
the listing order of search results, in order to improve search
quality. But in the long term, a key task is the maintenance and
continued renewal of the ontological structure. Aside from the
need for collaboration between field specialists and infor-
mation engineers, processing runtime, cost, and comprehen-
siveness of resources are all factors that should be considered.
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