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ABSTRACT
This paper proposes a novel approach for spoken document 
retrieval. In our method, a query model which is one of the 
probabilistic language models is adopted, in order to computes a 
probability to generate a given query from each document. We 
employ not only a “static” document collection consisting of 
targeted documents but also a “dynamic” document collection 
including web documents related with queries. We expand the 
query model so as to incorporate probabilities obtained from 
“static” and “dynamic” language models using the Dirichlet 
smoothing. Furthermore, in order to improve retrieved results, we 
develop a weighting method for web documents. Experiments 
using NTCIR-9 SpokenDoc Dry-run and NTCIR-10 SpokenDoc-2 
Formal-run were conducted, and it is found our proposed scheme 
has enough performance compared with conventional methods. 

Categories and Subject Descriptors
H.3.3 [Information Storage and Retrieval]: Information Search 
and Retrieval – Retrieval models. 

General Terms
Algorithms, Experimentation, Theory. 

Keywords
Information retrieval, Query model, Web document, Dirichlet 
smoothing, Latent Dirichlet allocation (LDA). 

Subtask : [SCR Subtask] [Lecture retrieval] 

Team name : HYM  

1. INTRODUCTION 
This paper shows a novel approach for NTCIR-10 SpokenDoc-2 

[1]. Since speech is one of the most common communication 
modalities, spoken document is increasingly attracting attention as 
developing information technologies. For example in a conference, 
it becomes usual to record speech data and transcribe them using 
speech recognition, instead of taking minutes manually. As 
spoken documents are rapidly increasing, however, one issue 
arises: how the spoken documents should be automatically 
retrieved. This task is called spoken document retrieval. 

In the document retrieval literature, the TF-IDF score has been 
widely used. On the other hand, the TF-IDF-based method has 
several disadvantages for spoken document retrieval; TF-IDF is 
not suitable for spoken documents including recognition errors. If 
there are few words in the comparing document (just like a query), 
the TF-IDF method often chooses inappropriate documents. 
In this paper, we try to apply a probabilistic model and build a 

logical framework for spoken document retrieval. As the 
probabilistic model, we focus on a query model. In the query 
model, a probability to generate a query is considered, and it is 
computed using a language model. A smoothing technique is 
often employed in the query model to deal with the zero 
probability problem. The conventional smoothing uses a “static” 
document collection which is obtained prior to retrieval. However, 
the document collection has a problem that it cannot deal with 
terms appeared in a query and never appeared in the collection.  
This paper proposes a new modeling approach by expanding the 

query model mentioned above; in our model, not only the “static” 
document collection but also “dynamic” documents obtained from 
web pages are used in the Dirichlet smoothing. In addition, we 
also propose a weighting method to web pages; actually some web 
pages are important and informative, and some pages are not. 
Thus web page weighting is essential. 
 The rest of our paper is organized as follows: Section 2 

describes a conventional query model and smoothing techniques. 
Our proposed approaches are introduced in Section 3. 
Experiments were conducted in Section 4. Finally Section5 
concludes this paper. 

2. LANGUAGE MODELING APPROACH 
2.1 Query model 

The document retrieval issue can be formulated by estimating a 
probability , where  is a given query and  is a document. 
Applying the Bayesian theorem, this probability is calculated by: 

(1)

In Equation (1), the denominator  can be treated as a constant 
because the query is not dependent on any document. And the 
probability  can be ignored when no previous knowledge is 
available. Then Equation (1) is rewritten as: 



(2)

In Equation (2), the query likelihood  means a probability 
to generate a query under the condition that a document is found. 
This probability can be then computed using a language model. 
This strategy is known as language modeling approach. 

In the language modeling approach for information retrieval, a 
multinomial model is commonly used. In the multinomial model, 
each term is assumed to be independent of the other terms, and 
query likelihood  can be estimated by a unigram language 
model  as: 

(3)

where  is a term in a given query, and  
 is a count for  in . As a result, the document retrieval 

is now equivalent to the issue to estimate .
The simplest model of  is accomplished by using 

relative frequency of each term, given by: 

(4)

where  means the total number of terms in .

2.2 Smoothing 
According to Equation (4), if the model  has zero probability 

for a term , the query likelihood  estimated by Equation 
(3) becomes zero. It means that we cannot estimate 
appropriately. To avoid this, a smoothing technique is often 
employed for a language model. In a smoothing scheme, a non-
zero probability is assigned to terms in the query, which do not 
appear in the document. The smoothing technique finally enables 
us to approximate the query likelihood, and compare the query 
with any targeted document. 

2.2.1 Linear interpolation 
One of the simplest ways for smoothing is linear interpolation. 

The linear interpolation is formulated by: 

(5)

where  is a smoothing parameter ( ).  is a 
collection model, equivalent to a unigram language model for a 
documents collection . The unigram probability is obtained as: 

(6)

2.2.2 Dirichlet smoothing 
Dirichlet smoothing is another common smoothing technique. 

With a parameter , the Dirichlet smoothing is given by: 

(7)

In Equation (7), the parameter is determined according to the 
length of the document; for a long document the smoothing effect 
becomes smaller, and the effect becomes stronger for a short 
document. Since the document length is taken into account, the 
Dirichlet smoothing is a better interpolation scheme than the 
linear interpolation. Therefore in this paper, we adopt the 
Dirichlet smoothing technique. 

3. PROPOSED METOD 
3.1 Smoothing using dynamic documents 

Regarding Equation (7), in general, a targeted document set is 
used as the document collection . If there is any term in the given 
query that does not appear in the document set, however, the 
model  cannot deal with the term. Therefore, we use another 
document set obtained from web pages as a “dynamic” collection 

, in addition to the “static” document collection . In order to 
combine the “static” and “dynamic” document collections, we 
extend the Dirichlet smoothing method. In our method, the 
probability  is obtained as: 

(8)

where  is a collection model built using the dynamic 
document collection , and  is another smoothing parameter for 

. Figure 1 shows a graphical model of our proposed method. 

 The web pages are obtained according to given queries. In a 
simple crawling scheme, the web pages are obtained for each 
query. In recent web retrieval technologies, on the other hand, it is 
often handled to utilize past queries in order to improve the results. 
Consequently, another crawling method is considered that uses a 
query history, or in the case of NTCIR-10 SpokenDoc-2, all the 
queries are utilized. 

3.2 Weighting web pages 
In order to employ the dynamic document collection, it might be 

necessary to evaluate each web page; some pages contain 
important information, while some pages have less information. 
Hence, in this paper, we try to weight web pages using a topic 
model.

3.2.1 LDA : Latent Dirichlet Allocation 
LDA is a probabilistic model where a probability to generate a 

particular term can be calculated assuming a topic distribution [2]. 
In general, LDA achieves better performance than pLSI 
(probabilistic Latent Semantic Indexing) [3] in terms of 
representing the topic distribution and the relationship between 
topics. In LDA, each sample is assumed to be observed from a 
generative probabilistic process that includes hidden variables. 
LDA is robust against the over-adaptation problem since LDA is 
based on Bayesian estimation. 

Figure 1. Smoothing using static and dynamic collections. 



Let us denote a latent topic by  and a 
probability of a topic  by . In LDA, it is assumed that a set of 
topic probabilities is given by the Dirichlet 
distribution Dir  for each document. A probability of a 
document  is then expressed by: 

(9)

where 

(10)

In Equation (9), and are LDA model parameters, where 
denotes : a unigram probability of a term  in a topic .
These parameters and can be trained using the variational 
Bayesian method.  

3.2.2 Weighting method 
Let us consider to weight a web page 

based on the hypothesis that web pages which are close to target 
documents are important.  At first, a topic mixture ratio vector  

 for each web page as well as target document 
is respectively computed.  Secondly, the distance , between 
a web page  and a target document , is estimated. Figure 2 
illustrates a concept of the distance. In this work, we estimate the 
distance using the cosine distance. Thirdly, the distance of the 
web page and the document collection is computed as: 

(11)

where . The value  in Equation (11) is 
then used to weight the corresponding web page. 

Finally, a probability to observe a term  in the dynamic 
document collection  is formulated as Equation (12), where 
is the total number of terms appeared in a web page :

(12)

4. EXPERIMENTS 
4.1 Experimental setup 

We conducted experiments to evaluate our proposed method for 
SpokenDoc-2 SCR subtask in NTCIR-10. Table 1 shows 
experimental conditions. For the target documents and the static 
document collection, we used the provided recognition results (we 
did not improve speech recognition results, and simply employed 
the provided results as they were). For the web page collection, 
we obtained 30 web pages per query. These pages were collected 
using Yahoo!API [4]. The other newspaper corpus was prepared 
to build the LDA model for weighting. Retrieved results were 
evaluated by the Mean Average Precision (MAP) score. Note that 
smoothing parameters are manually optimized and fixed through 
the experiments. 

Table 1. Experimental conditions. 

Sub-subtask Lecture retrieval  

Spoken document Ref-Word-Matched 

LDA training data Mainichi newspaper corpus  
2007 – 2008 

Web search engine Yahoo! API [4] 

Smoothing parameters 

4.2 NTCIR-9 Dry-run results 
As a preliminary experiment, we tested our method using 

NTCIR-9 SpokenDoc Dry-run data [5] including 39 queries. In 
this experiment, four schemes were evaluated: “Original” for the 
conventional Dirichlet smoothing without using web pages 
(Equation (7)), “Web” for our proposed method except weighting 
(Equation (8)), “LDA” for our method with LDA-based weighting 
(Equation (12)), and “TF-IDF” for the method using TF-IDF-
based distance instead of Equation (11); the distance  is 
computed by TF-IDF. 

Figure 3 shows experimental results for NTCIR-9 SpokenDoc 
Dry-run data. It is obvious that the performance is improved by 
using web data. And our proposed method “LDA” achieved better 
performance than the other schemes “Web” and “TF-IDF”. As a 
result, it is found that our proposed method using static and 
dynamic collections with LDA-based weighting can successfully 
improve retrieved results. 

Figure 3. Results for NTCIR-9 SpokenDoc Dry-run. 
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Figure 2. Distance between a web page and each document. 



   

4.3 NTCIR-10 Formal-run results 
According to the preliminary experiments, we evaluated our 

methods “LDA” and “Web” using NTCIR-10 SpokenDoc-2 
Formal-run data. For comparison, the query expansion method in 
the previous study [6] was also tested. Table 2 shows the result 
given by the task organizer. 

Table 2. Results for NTCIR-10 SpokenDoc-2 Formal-run. 

LDA 
(RunID L36) 

Web
(RunID L37) 

Query 
Expansion 

(RunID L38) 
0.408 0.399 0.372

This result shows that our proposed method “LDA” achieved 
better performance not only than “Web” and the query expansion 
but also than the preliminary experiments shown in section 4.2. 
The former indicates the effectiveness of our proposed approach. 
And the latter might be due to the characteristics of the queries in 
SpokenDoc-2. Since the queries in NTCIR-10 Formal-run were 
longer than those in NTCIR-9 Dry-run, more relative and 
informative web pages could be obtained, causing the better 
dynamic document collection. 

5. CONCLUSION 
In this paper, we described our spoken document retrieval 

method with employing the language model approach and without 
using the vector space model; we proposed to apply the query 
model to spoken document retrieval, employ static and dynamic 
document collections, and weight web pages in the dynamic 
collection. In general, the query model must be smoothed in order 
to use information retrieval. We expanded the Dirichlet smoothing 

to adapt web pages. Furthermore, we suggested to weight each 
web page using the topic model - LDA. The preliminary 
experiment (NTCIR-9 SpokenDoc Dry-run) shows that our 
proposed method can improve the MAP score. In addition, our 
method achieved higher performance in the formal experiment 
(NTCIR-10 SpokenDoc-2 Formal-run). 
  As our future work, we have to develop an automatic estimation 
method of the smoothing parameters. We also try to deal with 
recognition errors for further improvement. 
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