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a b s t r a c t

Engineers create engineering documents with their own terminologies, and want to search existing engi-
neering documents quickly and accurately during a product development process. Keyword-based search
methods have been widely used due to their ease of use, but their search accuracy has been often prob-
lematic because of the semantic ambiguity of terminologies in engineering documents and queries. The
semantic ambiguity can be alleviated by using a domain ontology. Also, if queries are expanded to incor-
porate the engineer’s personalized information needs, the accuracy of the search result would be
improved. Therefore, we propose a framework to search engineering documents with less semantic
ambiguity and more focus on each engineer’s personalized information needs. The framework includes
four processes: (1) developing a domain ontology, (2) indexing engineering documents, (3) learning user
profiles, and (4) performing personalized query expansion and retrieval. A domain ontology is developed
based on product structure information and engineering documents. Using the domain ontology, termi-
nologies in documents are disambiguated and indexed. Also, a user profile is generated from the domain
ontology. By user profile learning, user’s interests are captured from the relevant documents. During a
personalized query expansion process, the learned user profile is used to reflect user’s interests. Simul-
taneously, user’s searching intent, which is implicitly inferred from the user’s task context, is also consid-
ered. To retrieve relevant documents, an expanded query in which both user’s interests and intents are
reflected is then matched against the document collection. The experimental results show that the pro-
posed approach can substantially outperform both the keyword-based approach and the existing query
expansion method in retrieving engineering documents. Reflecting a user’s information needs precisely
has been identified to be the most important factor underlying this notable improvement.

� 2014 Elsevier Ltd. All rights reserved.

1. Introduction

A product development process is a sequence of activities that
are generally intellectual and organizational rather than physical
[1]. During the product development process, a large amount of
knowledge is organized in the form of documents, drawings,
reports, and e-mails. Thus, engineers’ productivities are heavily
dependent on retrieving and using documents. Several studies
have found that engineers spend a large amount of time in search-
ing for information [2,3]. To reduce the searching time, existing

retrieval approaches, such as keyword-based searching, should
be carefully examined for possible improvement.

However, performance degradation of classic information
retrieval (IR) models, such as the Boolean model, vector model,
or probabilistic model, is an unavoidable problem for engineering
documents retrieval. The main reason for the problem is that engi-
neering documents are different from general documents because
of their syntax variations and semantic complexities [4]. Syntax
variations mainly occur from the usage of abbreviations, acronyms,
and synonyms. Semantic complexities result from the specific rela-
tionships among the engineering terms as well as polysemy words.
Specific relationships generally originate in the design information,
such as product structures or design processes. Meanwhile, the
queries of engineers also have ambiguity and complexity. A short
query with domain specific terms is a major cause of ambiguity.
Also, complexity comes from the specific relationships among the
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queried terms, e.g., ‘part-name AND its-functions’ or ‘part-name
AND its-performances’. Thus, classic IR models offer limited func-
tions for retrieving relevant documents because these models cal-
culate the similarity between a document and a query based on
exact term matching. As a result, some documents, which do not
contain the query terms, may not be returned to the user even
though they are semantically relevant to the given query. The
question now arises: how should a retrieval approach be designed
in the engineering domain to resolve the problem, namely, of per-
formance degradation?

To tackle the performance degradation problem, we offer a
semantic search framework in this paper. This framework uses
domain ontology to process the contextual meaning of terms for
the indexing and retrieval of documents. Thus, ambiguous terms
on engineering documents and keywords can be properly disam-
biguated and matched. Furthermore, advanced techniques, such
as query expansion, document classification, or sophisticated rank-
ing algorithm, can contribute to better retrieval performance. In
particular, for engineering document retrieval, an ontology based
query expansion approach is a promising direction as queries can
be effectively expanded using the domain ontology in which the
essence of design knowledge is captured. Thus, through query
expansion, meaningful terms can be added to an original query
to specify an engineer’s information needs. Also, a query expansion
approach based on personal preferences, called personalized query
expansion, should contribute to enhancing retrieval performance
by reflecting the user’s interests.

There are several related studies on information retrieval in the
engineering domain [2,5–10]. However these studies are mainly
focused on a browsing method or structured documents retrieval.
While a few studies have been concerned with retrieving unstruc-
tured documents, they mainly proposed a semantic search frame-
work without incorporating specific advanced techniques such as
query expansion or personalization. Also, they suffer from the lack
of empirical validation. For those studies that indeed provide
empirical validation of a specific technique, their approach was
not as complete as we address in this paper. Although Li et al. [2]
proposed a naive ontology-based query expansion approach in
their framework, they did not consider user’s intent during the
expansion process. Also, several ontology-based query expansion
studies [11–14] for a general domain lack the consideration of

user’s intent during the expansion process. An engineer’s intent
depending on their task context could be an important source to
improve the quality of expansion results. Furthermore, few studies
for the engineering domain have been conducted to propose a per-
sonalized query expansion, which is an attempt to provide more
precise expansion results based on user’s interests. If both user’s
interests and intent are considered during the query expansion
process, it may produce a synergetic improvement of retrieval per-
formance in the engineering domain.

The purpose of this study is to propose a semantic search frame-
work that includes a personalized query expansion approach.
While most of query expansion approaches consider a user’s inter-
ests only, our approach is designed to consider a user’s interests
and intent at the same time for a personalized service. An engi-
neer’s intent depending on their task context could be an impor-
tant source to improve the quality of expansion results [15].
Fig. 1 provides an illustrative example of the difference between
general approaches and the proposed approach. Existing ontol-
ogy-based query expansion approaches generally use adjacent
concepts/individuals for the expansion. However, user preferences
certainly exist among relation types as well as adjacent concepts/
individuals. In Fig. 1, we assume that the line thickness for each
concept and relation represents the degree of user preference.
Between C1 and C6, C6 is selected for expansion because the rela-
tion R3 has a higher level of user preference. Between C4 and C5,
because C5 has a higher level of user preference, C5 is selected
for expansion. Our proposed approach considers user interests
(preferences of each individual) and intents (preferences of each
relation type) at the same time.

In this paper, we analyze unstructured engineering documents
of the vehicle air purification system (VAPS) development process
and build a domain ontology for the proposed approach. Using this
domain ontology, semantic preprocessing is conducted for docu-
ment indexing. Also, for a personalized query expansion, a learning
method for an ontology based user profile is utilized. At runtime,
the learned user profile is used on our query expansion process
to reflect the user’s interests. During this process, the user’s intent
is also considered. The meaningful source for capturing user’s
intent is the distinction of information types by identifying the
design stages on which the user is working. When the user’s work-
ing design stages are considered, terms that are close to preferred
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Fig. 1. Illustrative example of the difference among query expansion approaches.
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