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ABSTRACT

To determine key factors that affect a user’s behavior with search
results, we conducted a controlled eye-tracking study of users com-
pleting search tasks using both desktop and mobile devices. We
focus our investigation on users’ behavior from their query to the
first action they take with the search engine results page (SERP):
either a click on a search result or a reformulation of their query.
We found that a user deciding to reformulate a query rather than
click on a result is best understood as being caused by the user’s
examination pattern not including a relevant search result. If a user
sees a relevant result, they are very likely to click it. Of note, users
do not look at all search results and their examination may be influ-
enced by other factors. The key factors we found to explain a user’s
examination pattern are: the rank of search results, the user type,
and the query quality. While existing research has identified rank
and user types as important factors affecting examination patterns,
to our knowledge, query quality is a new discovery. We found that
user queries can be understood as either of weak or strong quality.
Weak queries are those that the user may believe are more likely to
fail compared to a strong query, and as a result, we find that users
modify their examination patterns to view fewer documents when
they issue a weak query, i.e. they give up sooner.
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1 INTRODUCTION

Given a set of search results, we know that as the rank of the
topmost relevant result increases, the probability increases that a
user will not click on the relevant result and will instead reformulate
and requery to get fresh search results [21]. In this paper, we use
eye tracking to better understand the underlying causes of these
requeries without clicks and direct our study to user behavior from
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the query to the user’s first action: either a click on a search result
or a requery.

Our study is motivated by Zhang et al. [21]. Like Zhang et al., we
allow users to freely query our search engine and control the search
results to allow either only one relevant result at ranks 1-10 or no
relevant results in response to a user’s first query. If a user requeries,
the search engine defaults to a commercial search engine’s results.
We include eye-tracking in our study to be able to know what users
do and do not examine. We also investigate an important part that
was missing from Zhang et al. and others, that is, user queries and
their influence to examination behavior and decisions to requery.

While it is well known that users are less likely to examine lower
ranked search results, we show that regardless of rank, if a user
sees a relevant result, the user will click it with high probability. We
confirm Zhang et al.’s hypothesis that the exhaustive and economic
user types as characterized by Aula et al. [1] play a significant role
in understanding requeries without clicks. What drives a user’s
examination to end their search process at certain ranks in the
search result? We find that certain ranks and display issues affect
user examination patterns, but most interestingly we found that the
quality of a user’s query appears to be known to the user and the
user will modify their examination pattern based on query quality.
This gives us an understanding of how likely are people going to
examine certain ranks under different types of query quality and
can be seen as motivation to design effectiveness measures that
include factors other than the relevance of search results.

In particular, we show that:

o The first three search results are special. If a user issues a
query unlikely to produce good results, the user is more
likely to requery after finding the top three results to be
non-relevant than if the user had issued a query expected to
produce good results. If a relevant document is in the first
three search results, the user will click on it.

o If the user is an exhaustive user, they are less influenced
by the quality of their queries and are more persistent than
economic users. Rank has much less effect on their likelihood
of viewing a relevant result than it does for economic users.

e Economic users, are unlikely to scroll and view search results
off of the page, and thus are likely to requery when the
topmost relevant result is below the page fold.

In addition to these findings, we also show that for mobile search,
users are likely to scroll to view the first five results, but if a relevant
result is not seen, they will then requery. We also show a decision
tree model that uses the factors of rank, user type, and query quality
and demonstrates the importance of these factors to understanding
a user’s decision to click or requery as their first action. The deci-
sion tree provides a holistic view of users interactions with search
engines.
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2 RELATED WORK

Query abandonment, or the decision to not click at any search result,
can be seen as negative signals that indicate failure or dissatisfaction
[18]. In an effort to understand why people abandon their queries,
Stamou and Efthimiadis [17] employed a survey to study search
tasks without clickthroughs. The authors categorized the causes of
abandonment as intentional and unintentional. Intentional causes
are encountered with a predetermined intention to look for answers
in the search results’ snippets and unintentional causes can be due
to irrelevant results, already seen result or interrupted search. The
authors conducted a follow up study where they collected queries
from users conducting their daily searches in the web [18]. Their
study focused on determining the impact of query abandonment to
users clicking behaviour and satisfaction. Stamou and Efthimiadis
show that approximately 50% of the queries that did not trigger any
clicks are queries with non-relevant results negatively influenced
users.

Diriye et al. [6] extended previous work by conducting a much
larger user study that collected abandonment rationals at abandon-
ment time by using a browser plugin that prompts participants
with survey questions right after a query is abandoned. The au-
thors reported that 7% of abandonments were due to unintentional
causes and around 5% of the abandonments were due to the partic-
ipants deciding to reformulate their query to a better query i.e. a
better query came to their mind. Both Diriye et al.’s and Stamou
and Efthimiadis’ work is focused on providing reasons why users
abandon their queries. Our paper is focused connecting different
patterns of user examination with query abandonment.

In another body of work, Wu et al. [20] and others [4, 14, 15] used
information forging theory to better understand how users seek
information in the web. Wu et al. [20] manipulated the number of
the relevant documents in the search results of users first 3 queries’,
and asked users to search for relevant documents to open-ended
question. The authors have found that the number of relevant
documents in the SERP can affect the rate of search abandonment
and the number of query reformulations users perform. This was
due to the nature of their search tasks, as some of the topics are
opinion-based and require multiple queries to complete. Ong et al.
[15] used the same tasks and manipulation technique as in [20]
to study differences between desktop and mobile search behavior.
Information forging theory, as others have shown, can be a useful
technique to study search behavior.

Several studies have used eye-tracking as a tool to better un-
derstand behavior [1, 5, 7-10, 12, 13]. Klockner et al. [12], Dumais
et al. [7] and Aula et al. [1] looked at individual differences in user
examination patterns. Based on eye-tracking data, Aula et al. classi-
fied users as either economic: users who examine few items and are
quick to make decisions or exhaustive: users who examine more
items and even scroll below the page fold to view more items.

Cutrell and Guan [5] looked at how varying the amount of in-
formation in the search snippet affects user examination in both
informational and navigational tasks. In particular, they found that
increasing the amount of information in the snippets helps with
informational queries but can hurt performance for navigational
tasks. They also manipulated the search results to include what
the authors describe as “best” search result item and looked at the

fraction of times participants looked at it [9]. The placement of
the “best” search result was either at the top, mid or bottom of the
list. They report that as the rank of the target “best” search result
decreases from the top to the bottom of the list, the chances of users
clicking at it decreases and may be related to their probability of
examining it.

Of particular interest is the study of Joachims et al. [10], where
users were provided Google results to answer informational and
navigational questions. Subjects were assigned to one of three ex-
periment conditions. Either the results were not manipulated, ma-
nipulated by swapping the first two results, or by reversing the
results order. They found that users are likely to click on higher
ranking items irrespective of relevance and the performance of
the search engine. The number of relevant results in the search
list, however, is not controlled and could contain multiple relevant
documents, which could be a possible influence to which document
a user clicks.

Our work differs from previous work as follows:

e Unlike Joachims et al. [10] and others [14, 15, 20] where
many of their search tasks include multiple relevant docu-
ments in the SERP, our focus is not in investigating which
document among those that are relevant should the user
click at, but on understanding possible causes to how far are
users are willing to examine SERPs with either no relevant
document or one relevant document placed at different ranks
and what motivates users to continue or stop their examina-
tion. We aim to understand how different reasons to query
abandonment can affect examination and vice-versa, i.e. how
examination patterns can influence a person to abandon their
query.

e Guan and Cutrell [9] concluded that the low click probability
on what the authors described as the “best” search result is
caused by their probability of examining it. We investigate
factors that influence their examination and cause them not
to look at the “best” search result when it is placed in any of
the 10 ranks of the search result, as opposed to two ranks
from the top, mid and bottom areas of the search results as
in their study.

e Our work extends the work of Diriye et al. and Aula et al. by
not only integrating different types of users’ examination
behavior, but also integrating queries, an essential part to
the search process, into its influence on users’ examination
behavior and decisions to requery.

e We provide a holistic view of the search process and aban-
donment, encompassing three important parts, users, queries
and search results, and show the influence of users and
queries to each other at specific ranks in the search result.
This has important implications on designing a more com-
prehensive effectiveness measures that also include users
and queries into the evaluation.

We focus on negative search abandonment, where users abandon
search results without achieving their intended search goal and use
eyetracking interaction data to help us understand the behavior
exhibited during query abandonment.



3.3 Controlling Search Results Quality

For each search task a participant performed, we returned a manip-
ulated SERP, i.e. treatment. Each treatment consists of a di erent
manipulation of SERP quality:

Y For ten of the treatments, the SERP contained 1 relevant re-
sult and 9 non-relevant results. A relevant result contains the
correct answer in the corresponding web page. We placed the
relevant results at ranks 1-10 and denote these taskS@s
rect@1, ... Correct@10.

Y For one treatment, the SERP contained 10 non-relevant results
and we denote this task @doCorrect (NCfor short).

Y For one treatment, the SERP result contained results returned
by the Bing APt without any manipulation, denoted aBing .

3.3.1 When are manipulated SERPs shaManReturned a manip-
ulated SERP result to a participant once they submitted a query
with any terms that we deemed to be relevant to the current search
task's question. For exampl@8in Table 1 asks for the number of
chapters in the Art of War book by Sun Tzu. The relevant query

Figure 1: The search interface ts seven results on the desk- terms for this questionQ8are: Art, War Sun Tzu Similarly, for
top monitor and three on our mobile device, a Pixel 2. The questionQ3 the query terms areEarth and Day We constructed

Pixel 2's actual size relative to the desktop's size is as shown. relevant terms for each question prior to the study. A manipulated
SERP was shown only once per search task and all other submitted

queries returned results from the Bing search API.

3 METHODS AND MATERIALS

In this section, we describe the study procedure, search tasks, search
interface, the method of controlling the quality of search results,
and other details of our experiment.

3.3.2 How are manipulated SERPs construgteel thanipulated
SERRP results for each question were constructed prior to the study.
For each question, we manually used the Bing API to search for a
document that contains the correct answer and is easy for readers
31 Search tasks to extract._ We selected this document as our relevant document f_or
the question, but we made sure not to show the correct answer in
Participants were asked to complete 12 search tasks each comprising the snippet. We did the same to nd 10 non-relevant documents.
of a single factoid question. To complete a search task, a user needed gqr non-relevant documents, we looked for documents that con-
to use our custom search engine to nd an answer to a question. tain relevant words but their content is obviously not relevant to
Participants were allowed to enter as many queries as they wished he question. For example, f@8(the Art of War chapters), non-
and were told to search as long as they needed. We instructed rejevant documents can be about books with similar titles and by
participants to stop once they were con dent they had found an g erent authors. Such documents contain relevant words but their
answer and to say the answer out loud to the researcher. Each task ¢gontent is not relevant to the question.
ended once a participant said their answer. With our single relevant document and our set of non-relevant

Table 1 shows the complete list of search task questions and gocuments, we constructed manipulated SERPs as follows:
their answers. We used the same questions a<if} gxcept for one

question which we replaced witlQ12 Many participants were not
able to provide the correct answer for that particular question in
[21].

Y For treatmentLCorrect@1, ... Correct@10, we placed the
relevant document at the corresponding rank, and randomly
lled the rest of the results with our non-relevant documents.

Y For theNoCorrect treatment, we randomly positioned the
10 non-relevant documents.

Figure 1 shows the search interface for desktop and mobile. For g_or tf;e Bing trzahmeél_t, WEP(:'d nolt m_?ﬂlpula[:e theh_results and
both interfaces, the search task question is shown at the top of the irectly returned the Bing results. Throughout this paper, we

page and a search box is provided to allow users to query the search use the term relevant and correct SERP result interchangeably to

engine. The search box does not provide query suggestions. After indicate the relevant document with the correct answer.
a user submits a query, both interfaces show 10 results with no .
pagination, i.e. users cannot click to view a second page of results. 3.4 Study Design, Methods and Procedure

For the desktop interface, the page fold line is after the seventh The study was conducted in a private o ce with a desktop computer
SERP result, and for the mobile interface, the page fold is after the and a mobile phone (Figure 2). We used a standard 23.5" desktop
third result. The page fold line represents the point below which  monitor and a Google Pixel 2 phone.

the search results are o the screen and the user must scroll to see
those results.

3.2 Search interface

1azure.microsoft.com/services/cognitive—services/bing—web—search—api/
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