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Abstract. Information retrieval (IR) with metadata tends to have high precision 
as long as the user expresses the information need accurately but may suffer 
from low recall because queries are too exact with the specification of the 
metadata fields. On the other hand, full-text retrieval tends to suffer more from 
low precision especially when queries are simple and the number of documents 
is large. While structured queries targeted at metadata can be quite precise and 
the retrieval results can be accurate, it is not easy to construct an effective struc-
tured query without understanding the characteristics of the metadata. Casual 
users, however, are usually interested in spending time to understand the mean-
ing of various metadata. In this paper, we propose a hybrid IR model that 
searches both metadata and text fields of documents. User queries are analyzed 
and converted into a hybrid query automatically. Experiments show that the hy-
brid approach outperforms either of the cases, i.e. searching text only or meta-
data only. 

1   Introduction 

Metadata are data about data. It means that metadata often describe the property of 
data or provide information describing the raw data such as video, audio, graphics, 
and text. Since metadata are succinct and structured with smaller search space, meta-
data-based retrieval is more efficient than full-text retrieval. When the meanings of 
the metadata are understood by the users or the retrieval systems, distributed data with 
heterogeneous characteristics can be searched and their results integrated in a consis-
tent manner. 

Despite the clear advantages and needs for metadata, users may have a burden to 
understand the meanings and the structure of metadata and interrelationships among 
different sets of metadata, in order to perform effective retrieval. As witnessed by the 
experiences of using Boolean retrieval systems, casual users would not be familiar 
with the characteristics of metadata and hence not well versed to constructing effec-
tive queries. As a result, users would benefit from a help provided by the system in 
constructing a structure metadata-based query or translating an information need to 
such a query. 
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Metadata-based queries have other limitations. Since metadata describe the charac-
teristics of raw data, the information contained in them is necessarily limited com-
pared to that contained in the raw data, although the former may not be available in 
the latter (i.e. the date of a document was translated). In other words, it is more likely 
that a metadata-based query finds nothing matched because the value space for the 
metadata is limited. It is also possible that the user specifies a wrong metadata field to 
be searched, like specifying the author field for “Elsevier”, a publisher name. 

Given these problems with metadata-based retrieval, we propose a hybrid retrieval 
model where both metadata and text fields are searched for a query. For the metadata-
based retrieval part, we attempt to select appropriate metadata fields given query terms. 

2   Related Work 

It has been studied to translate a keyword-based query into a query for structured 
documents [5, 8]. In [5], they investigated the research question: do structured queries 
improve effectiveness in Digital Library searching? To answer this question, they 
empirically compared the use of unstructured queries against the use of structured 
queries. They then tested the capability of a simple Bayesian network system, built on 
top of Digital Library retrieval engine, to infer the best structured queries from key-
words entered by the user. 

In [8], keyword-based queries formulated by the user are given a structure by the 
use of Bayesian network model. They generated all candidate structured queries based 
on the user query by taking all combinations of the metadata fields in the document 
collection. The ranking of the candidates is accomplished through the use of the 
Bayesian network model. This is somewhat similar to the work of Croft et al. [14], 
where Boolean queries are derived from a natural language query, and then improved 
with automatically inferred phrases. Bayesian network models were first used in IR 
problems by Turtle and Croft [14] and later by Ribeiro and Muntz [12]. Bayesian 
network model also have been applied to other IR problems besides ranking, for ex-
ample, relevance feedback [9], query expansion [4], structured document retrieval 
[10], information filtering [2], classification [3, 16]. 

3   Definition 

Consider a database D accessible through a query interface. We define this database 
as a collection of documents. Each document di consists of metadata (Mi) alone or text 
(Ti) and metadata together. 

1 2{ , ,..., ,..., }i nD d d d d=  1n ≥  

,i i id M T=< >  where 
iT = ∅  Or  

1,...,i jT t t=< >  

The metadata Mi consists of a set of field name (Fk), and each document has at 
least one metadata component which is a filed name Fk, and field value k iv  pair. If a 
document has the text field, it has at least one term. 
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1 1 2 2( , ), ( , ),...., ( , )i i i k k iM F v F v F v=< >   1k ≥ . 

IF
iT ≠ ∅ , 

1,..., ,..,i i lT t t t=< >  1l >  

Given a document di , for example, consisting of three fields, title, author, and pub-
lication, with their values, “semantic web”, “Tim Burners Lee”, and “ACM”, respec-

tively, tt can be expressed as id  = <(title, “semantic web”), (author, “Tim Burners 

Lee”), (publisher, “ACM”)> 
A query is divided into two parts: one is a unstructured query (UQ) and the other is 

a structured query (SQ). We define an unstructured query UQ as a set of keywords (or 
terms) 

1 2, ,.., ,..,i lUQ t t t t=< >   1l ≥  

A structured query (SQ) consists of a query for metadata ( MQ ) and another for 

text ( TQ ) 

,M TSQ Q Q=< >  

MQ is defined as an ordered list of pairs and TQ  is the same as UQ. 

1 1 2 2( , ), ( , ),.., ( , ),.., ( , )M q q i iq m mqQ F v F v F v F v=< >   1m ≥  

TQ UQ=  

where each iF  is a field and each i qv  is a value belonging to the domain of iF . 

Field value i qv  has at least one term. 

1 2, ,.., ,..,iq i lv t t t t=< >  1l ≥  

In this paper, metadata fields in a structured query can be divided into two types of 
fields: one is the field that the user selects (

_user selectF ) and the other is what the system 

selects (
_system selectF ). If a structured query was given by a user as SQ = <(title, “infor-

mation retrieval”), (author, “Kim”)>, 
_user selectF corresponds to title and author. When 

unstructured query is entered by the user, the system infers the relevant fields from 
the collection. The resulting field is

_system selectF . For example, an unstructured query 

formulated by the user as UQ = <“information retrieval”>, the system can reason out 
the relevant field to given terms. If “title” is given by the system, 

_system selectF is title. 

4    Retrieval Environment  

We consider the following assumptions. First, a user may submit an unstructured or 
structured query. Second, the user is not familiar with creating a structured query. 
Therefore, there may be another field more relevant to the user query than the field 
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that the user selects. Finally, no relevant document can be found when only a particu-
lar metadata field is searched, making it necessary to search other metadata fields as 
well as text. 

Our proposed model consists of the following parts to be executed in sequence: 

1. Finding the field that is the most related to user query 
Similarity or relevance of a field with respect to the user query is first calculated so 
that the fields are ranked based on their relevance for the query. The field with the 
most relevance value is selected as the metadata field to be searched. For example, 
when UQ = <“Tim Burners Lee”> and we find the “author” field as the most ap-
propriate for “Tim Burners Lee”,  SQ becomes <(author, “Tim burners Lee”)}>.  
The way relevance for individual metadata fields is explained later. 

2. Retrieving documents based on the selected metadata field 
If SQ is <(author, “Tim Burners Lee”)>, the value is searched against the specified 
field of individual documents.  

3. Retrieving documents based on the text  
The following query SQ = <(text, “Tim burners Lee”)> is used to search the text.  

4. Merging two similarities from the metadata and text fields for ranking documents. 

5   Hybrid Information Retrieval Model�

5.1   Processing a Structured Query 

A structured query is the one with a field designated by the user. Assuming that users 
may have difficulty formulating a structured query and that there may be another 
metadata field more relevant to the user’s information need than the field the user 
selected, we should judge whether the field-value pairs in a query are  suitable or not. 
In [8], they used a Bayesian network model to determine the ranking of the candidate 
queries. 

In our approach, we attempt to judge relevance of a metadata field for a query by 
computing the similarity between the vector based on the terms in the user query and 
the vector representing the content of a metadata field in the entire collection. This is 
an indirect way of judging the semantics of a metadata field and the likelihood that 
the query terms would be found in the field. 

More formally, we create an imaginary document 
fie ldC  for a given field by aggre-

gating all the terms occurring in individual fields 
iF  of the same kind in the collec-

tion. Essentially, the terms collected from the same field in all the documents form a 
vector for a “mega” document. The similarity between 

fieldC  and the query terms is 

represented as: 

( , )fieldSim C q
�� �

 

which is defined in Section 5.3. 
For example, when SQ = <(title, “information retrieval”)> is given, appropriate-

ness of the field title as the metadata field to be search can be calculated by  



236 S.S. Kim, S.H. Myaeng, and J.-M. Yoo 

 

computing the similarity between a mega document titleC  and the query vector q
�

 

consisting of “information retrieval.” The same computation is done for other fields to 
select the best fit.  

A system selected query is defined as the query that has the highest similarity 
value: 

_ 1( , ) max[ ( , ),..., ( , )]system select iSim C q Sim C q Sim C q=
�� � ��� � ��� �

  _i user select≠  

There are two possible cases: 

1) _ _( , ) ( , )system select user selectSim C q Sim C q≤
�� � �� �

 

2) _ _( , ) ( , )system select user selectSim C q Sim C q>
�� � �� �

 

In (1), the user probably has chosen the right field for the query. In (2), however, 
the user may have selected an inappropriate field although it is important not to ignore 
the field selected by the user. Instead of replacing the user selected field by the system 
selected one, we uses both. As a result, when the condition (1) holds, we search two 
fields, the user selected and the text fields, while we search three fields when the 
condition (2) holds: user selected, system selected, and text fields. 

5.2   Processing an Unstructured Query 

An unstructured query is defined as consisting of keywords only without a metadata 
field designation. In this case, the system needs to translate the query into a structured 
one by selecting the metadata field that is most related to the original query.  

_ 1( , ) max[ ( , ),..., ( , )]system select iSim C q Sim C q Sim C q=
�� � ��� � ��� �

 

The way we calculate pertinence of a field with respect to the query is shown in 
5.3. 

5.3   Pertinence of a Field to a Query 

Pertinence judgment of a field with respect to a query is based on the similarity calcu-
lation in the vector space model [1]. A mega document consisting of the terms occur-

ring in a specific field ( fieldC ) and a user query (q) are represented as t-dimensional 

vectors. The similarity between the vectors fieldC
��

 and q
�

can be measured by the co-

sine of the angle between these two vectors: 

2 2

( )
( , ) cos( , ) , ( )* ( )

* ( )

k i

k i k i

ik kt T
i i ik i

ik kt T t T

w g q
Sim C q C q w ftf k fidf k

w g q

∈

∈ ∈

= = =
∑

∑ ∑

���
�� ��� �� ���

���
 

where ( )iftf k is term frequency of term k in the field i, i.e., the number of times term 

k occurs in the field i, and ( )fidf k is the inverse field frequency, i.e., the  
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inverse of the number of fields in which the term k appears. ( )kg q
���

 gives the value of 

the k-th variable of the vector q
���

, and iT  is the set of all the terms in the mega docu-

ment corresponding to the field
jF . 

5.4   Retrieving Documents 

Having chosen the best field for the given query, the next step is to calculate the simi-
larity between individual documents and the query. This can be done in the same way 
documents are retrieved in a conventional vector space model, except that the docu-
ment vector is defined for the metadata field chosen previously. Hence, we compute 

the similarity between ijd  and q
���

as follows: 

2 2

( )
( , ) cos( , ) , ( )* ( )

* ( )

k i

k i k i

ik kt T
i j i j ik i j i

ik kt T t T

w g q
Sim d q d q w ftf k idf k

w g q

∈

∈ ∈

= = =
∑

∑ ∑

���
�� ��� �� ���

���
 

where ( )i jftf k  is the term frequency of term k in field i of document j, i.e., the 

number of times the term k occurs in the field i of document j, and ( )iidf k is the in-

verse document frequency, i.e., the inverse of the number of documents term k ap-

pears in field i. ( )kg q
���

 gives the value of the k-th variable of the vector q
���

, and 
iT  

is the set of all terms in the values of field 
jF . 

5.5   Merging Similarities and Ranking Retrieved Documents�

After documents are retrieved based on two or more designated fields, the results 
should be combined to return a ranked list of documents to the user. Fig. 1 shows how 

to merge the similarities calculated for multiple fields in document 1d .  

 

Fig. 1. Merging the retrieved documents 

The similarities are calculated with 11( , )Sim d q
�� ���

, 21( , )Sim d q
�� ���

, and 31( , )Sim d q
�� ���

. 

When they are merged to the final similarity, we reflect the pertinence value�between 

a field and the query such as 1( , )Sim C q
�� ���

, 2( , )Sim C q
�� ���

, and 3( , )Sim C q
�� ���

. 
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For merging similarities, we adopt the evidence gathering method used in the in-
ference network approach to information retrieval [14]. For example, 11( , )Sim d q

�� ���
and 

21( , )Sim d q
�� ���

 should be merged if the document was retrieved based on the two fields 

chosen with 1( , )Sim C q
�� ���

 and 2( , )Sim C q
�� ���

. In this case, the belief calculation is done 

with the following link matrix 1dL  that specifies the conditional probabilities for 

different combinations of the fields being used. 

2 1

1
2 1

1 1 ( , ) 1 ( , ) 0
[ ]
0 ( , ) ( , ) 1

d

Sim C q Sim C q
L

Sim C q Sim C q

− −
=

�� � �� �

�� � �� �  

Here the second row is for the case where the document is retrieved with different 
fields. The value in the first column represents the probability that the document is 
retrieved when both fields are not used. The values in the second and third columns 
are for the cases where the second and third fields are used, respectively. The last 
column specifies the probability of retrieving the document when both fields are used. 

Using the link matrix, the final similarity value for di is calculated as follows: 

21 21 11

2 11 21 11 21

( , ) ( , )* ( , )*(1 ( , ))

( , )* ( , )*(1 ( , )) ( , )* ( , )

Sim d q Sim C q Sim d q Sim d q

Sim C q Sim d q Sim d q Sim d q Sim d q

= − +

− +

� �� � � �

�� � � � � �  

6   Experiment 

The purpose of our experiment was to demonstrate superiority of the proposed hybrid 
method compared to other forms of queries: 1) unstructured queries for text retrieval 
(UG), 2) structured queries specified by the user for metadata retrieval (SQ), and 3) 
automatically constructed  structured queries as proposed in [8] (VQ). The hybrid 
queries proposed by this research retrieve both metadata and text and the similarity 
values are combined to rank the documents. The structured part can come from the 
user or from the system. For SQ, we consider both AND and OR queries where mul-
tiple field specifications are combined with an AND or OR quries, respectively. They 
are referred to as SQ (AND) and SQ (OR). There are two types in VQ: V1 is the case 
where only one best query is used for retrieval whereas V1-5 is the case for using the 
best five structured queries for retrieval and merging the five result sets. 

Experiments were performed on the CITIDEL (Computing and Information Tech-
nology Interactive Digital Educational Library) collection which contains metadata 
from the ACM Digital Library, the DBLP collection, NDLTD-computing (the com-
puting subset of the Networked Digital Library of Theses and Dissertations), and 
other sources – totaling more than 440,000 metadata records. Only a subset of the 
ACM Digital Library, with approximately 98,000 metadata records, was supported by 
Virginia Tech Digital Library Research Lab. Among these metadata, we used only 
39,698 metadata that contain the abstract field. The metadata fields considered in the 
experiment were title, author, publication, and abstract, where publication means the 
name of the conference or journal where the paper was published.  
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All relevant and non-relevant documents returned for each query were used to 
compute precision and recall, and F1 measures. Precision is the percentage of re-
trieved documents that are relevant. Recall is the percentage of all the relevant docu-
ments in the collection. It indicates if the system is able to retrieve all of the relevant 
documents. Finally, F1 combines precision and recall with equal weights and is de-
fined as F1=2PR/(P+R).  

Table 1. Performance 

 UQ SQ(AND) SQ (OR) V1 V1-V5 HQ 

Precision 26.05% 55.08% 50.10% 50.52% 51.05% 54.37% 
Recall 40.72% 39.55% 79.87% 79.79% 80.62% 86.30% 

10-Precision 28.24 65.87 72.50 80.08 82.01 84.12 

F1 30.01 46.29 60.17 60.59 62.51 66.71 

6.1   Comparison Among UQ, SQ, and V1 

As shown in table1, SQ is superior to UQ. This is simply because the queries are 
more suitable for metadata than text. Besides, SQ was constructed by the actual users, 
reflecting their information needs more exactly than UQ. The performance values of 
V1 and SQ are similar because the automatically structured queries in V1 are almost 
identical to the structured queries constructed manually in SQ [8]. 

6.2   Comparison Among SQ, VT1, and V1-V5 

The performance of the V1-V5 case where the top five automatically generated que-
ries were used is better than that of SQ. This is because SQ or V1 retrieves from only 
one field that the user selected or the system selected, but V1-V5 retrieves from at 
least two fields. For example, unstructured queries entered as UQ = <“information 
retrieval”>, SQ or VT1 can be only one structured query among candidate queries 
such as <(title, “information retrieval”)>, <(text, “information retrieval”)>, <(publica-
tion, “information retrieval”)>, <(title, “information”) (text, “retrieval”)>, or <(text, 
“information”) (title, “retrieval”)>.  

6.3   Comparison Between V1-V5 and HQ 

As in Table 1, the performance of HQ that merges results from the best metadata 
fields and text is better than that of V1-V5. Our analysis shows that this is due to the 
shortcomings of the V1-V5 queries and at the same time the strengths of the proposed 
hybrid methods.  

1. Excessively expanded fields in V1-V5 
V1-V5 builds all possible candidate queries and ranks them based on the probabil-

ity of best representing the user’s need. Since the top 5 structured queries are used for 
retrieval, it is entirely possible that one or more of the fields are totally irrelevant to 
the terms used in the original query. For example, if the query entered is UQ = <“in-
formation retrieval”>, <(publication, “information retrieval”)> can be included among 
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the top five structured queries. This may retrieve many irrelevant documents because 
the publication field is likely to contain the term “information” with a high frequency.  

2. Not using the weights of the top 5 structured queries in V1-V5 
Even though V1-V5 adopted the Bayesian network model to calculate the probabil-

ity of generating the top 5 structured queries, the probability values are not used for 
retrieval. When Q1 is the highest ranked query and Q5 is the lowest, they are treated 
equally. Even when the results are combined, their relative merits are not considered. 

On the other hand, HQ, proposed in this paper, has two fields (system selected and 
text fields) or three fields (user selected, system selected, and text fields), so that it 
doesn’t suffer so much from the first problem. Moreover, the relative importance of 
the metadata fields is taken into account when the documents retrieved by different 
fields are merged. 

7   Conclusion and Future Work 

We proposed a new retrieval model for documents containing metadata and text, 
focusing on three ideas: 1) generating automatically structured queries, i.e. choosing 
the right metadata fields for query terms, by calculating their pertinence with the 
similarity between a mega documents containing all the terms in the field across all 
the documents and the query terms, 2) retrieving from both metadata and text fields in 
a complementary manner, and 3) using the pertinence values for the chose metadata 
fields when the retrieval results are merged.  

The proposed method can provide the user with relevant documents even though 
the user specified an inappropriate metadata field. The experiments show that the 
proposed model can provide more relevant items than a previously introduced method 
because it retrieves not only from metadata field, either specified by the user or the 
system, but also from the text field. 

It is very important to decide what metadata fields are searched when a structured 
query is generated. Although the efforts in semantic Web and ontology are trying to 
fill the gap among different metadata, the users do not necessarily understand the 
meaning of the metadata fields fully and may not have enough ideas about which 
fields he needs to search, without knowing the data characteristics. While the pro-
posed model attempts to calculate pertinence of metadata fields for given query terms 
and combine metadata search with text search, more analytic research would be nec-
essary for better understanding of their interplays. 
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