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ABSTRACT

This study investigated query formulations by users with Cognitive
Search Intents (CSI), which are needs for the cognitive character-
istics of documents to be retrieved, e.g. comprehensibility, subjec-
tivity, and concreteness. We proposed an example-based method of
specifying search intents to observe unbiased query formulations.
Our user study revealed that about half our subjects did not input
any keywords representing CSIs, even though they were conscious
of given CSIs.
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1. INTRODUCTION

The estimation of search intents has been intensively tackled in
recent years, and a better understanding of search intents has been
considered as one of the most demanding challenges for modern
search engines. Although search intents on the topic of documents
(or topical search intents) have been dominantly addressed in the
literature, not only the topic but also the cognitive characteristics of
documents can be specified by users’ search intents. The cognitive
characteristics of documents are defined as the document charac-
teristics perceived by readers, and these include comprehensibility,
subjectivity, and concreteness. Cognitive Search Intents (CSIs),
which are users’ needs for the cognitive characteristics of docu-
ments, can be seen in a wide variety of searches, e.g. “I want to
find comprehensible documents on black holes,” “a concrete expla-
nation of monopolies,” or “documents subjectively written about
Black Berry.”

We investigated users’ query formulations for CSIs by conduct-
ing a questionnaire-based user study. Our user study revealed that
about half our subjects did not input any keywords representing
CSlIs, even though they were conscious of given CSIs. Our find-
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ings suggest users over-adapt to current Web search engines, and
create opportunities to estimate CSIs with non-verbal user input.

2. METHODOLOGY

When we try to observe users’ search behaviors, the most pop-
ular method is to present a task description and to ask subjects to
conduct the task. However, this methodology has a serious draw-
back in that users’ query formulations can be highly biased by
the task description. For example, if we explain a task as “please
find comprehensible documents on black holes,” the user would be
likely to input the query “comprehensible black holes” despite un-
familiarity with the term “comprehensible.” Thus, we may not be
able to observe natural, usual query formulations when the task is
explained through text.

Therefore, we came up with an implicit, non-verbalized way of
specifying CSIs that presents two types of examples to the sub-
ject and enables her/him to understand the CSIs. The first type
of example is called a positive document set that consists of doc-
uments relevant to the CSIs we want to convey to the user, while
the second type is called a negative document set that is composed
of documents irrelevant to the CSIs. When we want the subject to
search with the intent of “I want to find comprehensible documents
on black holes,” for example, we use comprehensible documents as
the positive document set and incomprehensible ones as the nega-
tive document set. Having presented the two types of examples to
the subject, we can ask him/her to search for documents on black
holes that are not similar to the negative set but to the positive set.

We selected six types of CSIs and 40 topics (10 for exhaustive-
ness, 10 for comprehensibility, 10 for subjectivity and objectivity,
and 10 for concreteness and abstractness), and assigned two top-
ics to each subject in our user study, in which 1,800 subjects were
recruited through an online-questionnaire company in Japan. The
entire process for the questionnaire was completed on the Web, and
all the instructions, questions, and topics were written in Japanese.
We asked the questions below after instructing the search intents
by the example-based method: Q1. How would you describe the
given search intent to somebody else? Q2. What kinds of queries
do you input to find documents relevant to the given search intents?
Q3. (After showing a sample query') How do you reformulate the
shown query to find documents more relevant to the given search
intents?

Note that different topics were used in Q2 and Q3, while the
CSIs used were the same. Thus, we assigned two types of search
intents, and obtained a verbalized search intent for a search intent
as well as two queries for both of the search intents.

'A sample query is a set of keywords that only represent topics of
the given search intent.



Table 1: Query types for CSIs.

Cognitive Query type (%)
search intent direct trans. none other
Exhaustive 134 0.7 36.6 627 0.0
Comprehensible 166 13.3 325  53.0 1.2
Objective 114 2.6 31.6 658 0.0
Subjective 128 0.8 62.5  36.7 0.0
Concrete 124 5.6 444 49.2 0.8
Abstract 84 0.0 452  54.8 0.0
Total 750 4.5 41.6  53.5 0.4

Three assessors labeled responses to filter out those who could
not understand a search intent that we tried to inform them of. Re-
sponses were excluded if at least two assessors agreed. The inter-
rater agreement was measured by using the average of Cohen’s
kappa coefficient between all pairs of assessors, and this was con-
sidered to be substantial ranging from 0.63 to 0.75. As aresult, 375
(20.8% of the original responses) responses remained.

The assessors were also instructed to classify queries into the
following types: direct (a term representing the CSI directly used
in the query, e.g. “concrete monopoly”), transformed (a term rep-
resenting a CSI somehow transformed in the query, e.g. “exam-
ple monopoly” and “review blackberry”), and none (no term in the
query related to the CSI, e.g. “blackberry”). The inter-rater agree-
ment was measured in the same way as before: 0.72 for the query
input (Q2) and 0.62 for the query reformulated (Q3). The query
type was decided by votes, i.e. we used the query type labeled by
two or more assessors. A few queries (0.4%) were labeled as other,
since the three assessors labeled them differently.

3. FINDINGS

Table 1 lists the percentages for query types for CSIs. Note that
we merged queries that were input for Q2 and Q3 in the question-
naire, as there were only small differences. Overall, the fraction of
direct queries was quite small, while that of transformed and none
queries were dominant in this categorization. When we compared
these two dominant query types, there were more none queries than
transformed queries. It follows that users were not likely to input
a term that directly represented their CSIs, but were more likely to
transform such a term into another term that they thought would
be effective for retrieving documents relevant to their CSls, or to
only use keywords related to a topic that they wanted to read about
that was not a CSI. Many none queries posed huge challenges in
estimates of search intents regarding how silent CSIs could be de-
tected.

Figure 1 compares the differences between verbalized search
intents (Q1) and input queries (Q2) in terms of their component
words. “Nouns (overlapping)” indicates terms that are included in
both the verbalized search intent and query, while “Nouns (unique)”
indicates terms that appear only in a verbalized search intent but
not in its query, or vice versa. It is obvious that queries contain
few verbs and adjectives. As the cognitive characteristics of doc-
uments are often verbalized in the form of adjectives, this trend
might prevent users from explicitly inputting their CSIs. More-
over, it can be seen that about two nouns in the verbalized search
intents were not used in subjects’ queries, while on average 1.3
nouns in the queries were not used in their verbalized search in-
tents. This finding might imply that users input some of the nouns
from their verbalized search intents; on another front, they generate
nouns suitable for keyword queries as alternatives to unused nouns,
verbs, and adjectives. Although not conclusive, this hypothesis plus
a large portion of transformed queries together sketch the shapes of
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Figure 1: Difference between verbalized search intents and
queries in terms of their component words.

query formulations for CSIs: users usually avoid inputting CSIs as
adjectives, and translate their CSIs into nouns.

4. CONCLUSIONS

This study investigated users’ formulations of queries for CSIs.
Our user study revealed that about half our subjects did not input
any keywords representing CSIs, even though they were conscious
of given CSIs.

Our results demonstrated that half the subjects did not include
terms representing CSIs in their queries, even though their ver-
balized search intent included such terms (this was ascertained by
three assessors). A possible explanation for this phenomenon is that
subjects over-adapted to the Web search engine. An early study on
Web searches conducted by Pollock and Hockley found that some
novices tried to enter natural language queries [3]. In addition, Bilal
reported that 35 % of 22 seventh-grade children tried to search with
a natural language question [1]. On the other hand, experienced
users do not usually input natural language queries into search en-
gines. Thus, the way users formulate queries might be acquired
through experience with Web searches. Putting these findings all
together, our hypothesis is that few experienced subjects input key-
words related to CSIs because they knew Web search engines could
not effectively process such words through their experience with
search engines

The finding also creates opportunities to estimate CSIs with non-
verbal user input. Although much work has utilized query logs to
investigate users’ search activities, the problem with silent CSIs
suggests that only query-log-based analysis is not adequate for de-
tecting users with CSIs. Therefore, clickthrough and interaction
data are necessary to precisely estimate CSIs as can be seen in some
previous work (e.g. [2]).
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