
Lopatovska, I. (2011). Emotional correlates of information retrieval behaviors. Proceedings of the SSCI 
2011 WACI - 2011 Workshop on Affective Computational Intelligence, Paris, France, Apr. 11-15, 2011. 

 

Emotional correlates of information retrieval 
behaviors 

 

Irene Lopatovska, PhD 
Pratt SILS 

144 W.14th street 
New York, NY 10011 

ilopatov@pratt.edu 
 
 

Abstract—There is an emergent interest in the use of emotion 
data to improve information retrieval processes. Our study 
examined whether the knowledge of searchers’ emotions can be 
used to predict their actions (and vise versa). We investigated 
associations between information retrieval behaviors (e.g., 
examination of search results) and patterns of emotional 
expressions around those behaviors, and found that individual 
search behaviors were associated with the certain types of 
emotional expressions. The findings can inform classification of 
emotions and search behaviors, and in turn lead to the 
development of affect-sensitive retrieval systems. 
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I.  INTRODUCTION 

Affective computing is not a very new area of research. 
Affective computing agenda was outlined more than a decade 
ago by Rosalind Picard, who defined affective computing as 
“computing that relates to, arises from, or deliberately 
influences emotions. <…> [affective computing] includes 
giving a computer the ability to recognize and express 
emotions, developing its ability to respond intelligently to 
human emotions, and enabling it to regulate and utilize its 
emotions” ([1], p. 3). A large number of studies had 
investigated methods of emotion detection and systems capable 
of detecting and responding to various emotional states (for 
extensive review of the affective computing literature, see [2], 
[3], [4], [5], [6]). However, very few of these studies focused 
specifically on the information retrieval systems and ways to 
use emotion data to improve information retrieval experiences. 
This article describes the study that investigated emotions in 
the context of online information search. The study examined 
patterns of emotional expressions around specific search events 
and discovered unique patterns of emotional expressions 
associated with the decision-making points of the search. The 
study findings improve our understanding of emotional aspects 
of information retrieval (IR) and bring us closer to the 

development of affective information retrieval systems that are 
capable of recognizing and responding to users’ emotions.  

II. LITERATURE REVIEW 

 The studies that examine the role of emotion in IR context 
can be grouped into the following categories based on the 
study’s goals: 1) studies that examine emotions in order to 
better understand users’ searching experiences, and 2) studies 
that examine ways of incorporating emotion data into the 
design of IR systems. 

Information science literature offers examples of the studies 
that examined role of affective variables in the online 
information seeking process. [7], [8], [9], [10], [11] examined 
online searching behavior of children and adults and 
determined certain correlates of positive and negative feelings 
experienced during the search. For example, Bilal and Kirby 
[10] found that adults and children experienced satisfaction and 
comfort with the successful completion of search task, and 
frustration due to difficulties with finding the answer and 
inadequate knowledge of a system. Lopatovska and Mokros [8] 
asked searchers to rate their feelings about individual web 
documents they reviewed, and found that positive and negative 
feelings correlated primarily with the documents’ stylistic 
properties (e.g., easy to read), followed by the personal interest 
in the information contained in a document. 

A number of studies that focused on exploring the causes of 
certain emotions experienced during the online search found 
that positive emotions were usually associated with satisfactory 
search results [7], successful search completion [10], use of 
online systems ([10], [11]), easier tasks [12], interest in the 
process and documents ([13]. [14]. [8]), or documents’ stylistic 
features [8]. Negative emotions were associated with 
frustrating aspects of systems, uncertain search tasks and 
confusing search strategies [7], software failures [9], 
uncertainty prior to the search [11], difficulties in finding the 
answer and inadequate knowledge of a system ([10], [15]).  



While the mentioned above studies improve our 
understanding of the role of emotions in the information 
seeking process, the self-report methods used in those studies 
(e.g., interviews, questionnaires) cannot be easily incorporated 
into the design of the IR systems capable of reading emotions 
and immediately responding to them.  

This limitation is addressed in another area of IR research 
where an attempt is made to use affective data to improve 
system performance. Arapakis et al. [16] applied real-time 
facial expression analysis to inform the design of the video 
recommender system capable of giving useful 
recommendations about unseen videos. While investigating 
relationships between search task difficulty and emotions, 
Arapakis et al. [17] aggregated real-time information on user 
affective behaviors and developed a model capable of 
determining topical relevance of documents and videos, 
without the aid of explicit judgments. Mooney et al. [18] 
examined how affect readings can be used for indexing of data 
within the search process. Soleymani et al. [19] proposed an 
approach to affective ranking of movie scenes based on 
viewers’ affective responses and content-based features. The 
study findings suggest that peripheral physiological signals can 
be used to characterize and rank video content. 

Following the same line of research, we designed a study to 
examine correlations between observable emotional 
expressions and specific behaviors exhibited during 
information retrieval. The goal of the study was to understand 
whether particular search behaviors are characterized by the 
unique emotive patterns that can be automatically identified by 
a system and, vice versa, whether particular emotional states 
can be inferred from the observed search behaviors.  

III. METHOD 

The study was interested in investigating emotions around 
certain types of search behaviors. Therefore, the two group of 
variables used in the study were emotions and search 
behaviors. 

We defined emotions based on Paul Ekman’s framework of 
basic universal emotions [20]. Ekman advocates the existence 
of universally recognized basic emotions that are usually 
expressed through changes in facial features. The list of basic 
emotions usually includes fear, anger, disgust, happiness, 
sadness, and surprise. We inferred the presence of these 
emotions from the automated readings of searchers’ facial 
expressions using eMotion Recognition software, public 
release 1.65. eMotion’s face tracking algorithm is based on a 
simplified version of Ekman’s FACS [21]. The software 
analyzes video stream by constructing a three dimensional 
wireframe mesh over the recorded face, noting the positions of 
certain facial features (e.g., eye brow, corner of a mouth and 
eyes, etc), and feeding the readings into the classifier 
developed from a subset of the Cohn-Kanade database. To 
eliminate noise in the data, we used the threshold of minimum 
.90% probability of emotion’s presence for including coded 
facial expression into the analysis. We used Ekman and Friesen 
[22] framework to determine duration of the intervals we 
needed to examine to detect emotional patterns before and after 
search events. We selected five 3 second intervals before the 

event and five 3 second intervals after the event to see if we 
can identify dominant emotion(s) within the various time 
intervals around selected search behaviors.  

Twelve specific search behaviors were selected for the 
study (see Table 1). These behaviors were selected because 
they represent the three most common tactical decisions 
involved in the online information retrieval: selection, text 
manipulation and information (re-) examination decisions. 
They could also be easily inferred from the logfile analysis 
(TechSmith Morae Recorder version 2.0.1 was used to record 
search activities). 

Thirty undergraduate students from a large US university 
participated in a study. The average age of participants was 19 
years old; thirteen of the participants were males, while 
seventeen were women. The ethnic distribution of participants 
was diverse, with whites and Asians accounting for the 
majority of participants. Most of the students participating in 
the study were enrolled in the natural science majors, followed 
by social science, and a relatively large number of undecided 
majors. All but one of the participants reported online 
searching to be a daily activity.  

The experiment was conducted in a lab where each 
participant was scheduled for a 1-1.5hr individual search 
session. Participants were given two search scenarios, one 
related to music piracy and another to college enrollment, and 
were asked to research those tasks using live Google engine.  
Participants were left alone in a lab; their actions during the 
session were guided by the online questionnaire that solicited 
demographic information, presented the text of two search 
tasks and instructions on how to search and provide answers. 
The questionnaire also collected data on participant’s internal 
states before and after each search task. At the end of the 
experimental session, participants were given course credit for 
participation in a study. 

Most of the participants reported not feeling very intense 
emotions during the search, and not controlling their feelings or 
their expressions.  

IV. FINDINGS 

We analyzed distributions of seven emotional expressions: 
neutral, happy, surprise, angry, disgust, fear, and sad, per each 
3 second interval before and after each type of click and the 
URL change. We started analysis by calculating probabilities 
of each emotional expression occurrence within 3 second 
interval. We then calculated means and medians of emotions’ 
expression distribution per 3 second interval, and performed 
oneway ANOVA to compare each emotion’s means between 
ten time intervals before and after the event. The summary 
Table 1 below describes distributions of emotional expressions 
where statistically significant changes occurred around search 
behaviors. 

The analysis of the emotional expressions and the search 
behaviors data can be summarized as follows: 1) the most 
frequent search behaviors were Mouse Wheel Down scroll and 
Left Down mouse click; and 2) every analyzed search behavior 
was characterized by a unique pattern of emotional expressions 
15 seconds before and 15 seconds after that behavior.  



V. DISCUSSION 

Our analysis indicates that every analyzed search behavior 
was characterized by a unique pattern of emotional expressions 
(Table 1). This finding suggests that search events can be 
characterized, recognized and classified based on the unique 
pattern of emotional expressions around them; emotion-aware 
machines can potentially be programmed to recognize, 
anticipate and properly react to the search moves. 



TABLE I.  DISTRIBUTIONS OF EMOTIONAL EXPRESSIONS AROUND SEARCH  BEHAVIORS 

Preceding 
emotions 

Decision points 
and correlating 

search behaviors 
 

Following 
emotions 

ANOVA statistics 

 Decision to change the 
current view 

  

NEUTRAL  
SURPRISE  

SAD  
  

Left button down click 
(N=2839) 

NEUTRAL  
SURPRISE  

SAD  
 

F(9, 28379) = 3.138, p < .05  
F(9, 28379) = 2.413, p < .05  
F(9, 28379) = 3.447, p < .05 

SAD  
DISGUST  Left button double click 

(N=86) 

SAD  
DISGUST  

 

F(9, 854) = 2.239, p < .05  
F(9, 854) = 1.912, p < .05 

 Decision to manipulate 
found text (copy, etc.)

 

  

no significant 
emotion changes 

Right button down 
click (N=90) 

no significant 
emotion 
changes 

 

 

 Decision to review 
additional 

sources/information 

  

NEUTRAL  
HAPPY  

SURPRISE  

Middle button down 
(N=13) 

NEUTRAL  
HAPPY  

SURPRISE  
 

F(9, 120) = 2.956, p < .05 
F(9, 120) = 2.713, p < .05 
F(9, 120) = 3.602, p < .05 

 Wheel scroll down 
(total) (N=6495) 

  

SAD  Wheel scroll down on 
Google result pages 

(N=727) 

SAD  (F(9, 7259) = 5.143, p < .05) 

HAPPY  
SAD  

NEUTRAL  
SURPRISE  

ANGRY  
FEAR  

 

Wheel scroll down on 
non-Google, target 

pages (N=5768) 

HAPPY  
SAD  

NEUTRAL  
SURPRISE  

ANGRY  
FEAR  

 

F(9, 57669) = 5.365, p < .05 
F(9, 57669) = 34.473, p < .05 
F(9, 57669) = 6.278, p < .05 
F(9, 57669) = 3.483, p < .05 
F(9, 57669) = 31.257, p < .05 
F(9, 57669) = 5.232, p < .05 

 
 Decision to return to 

the previously seen 
information 

  

 Wheel scroll up (total) 
(N=1940) 

 
 

 

FEAR  
ANGRY  

DISGUST  
SAD  

Wheel scroll up on 
Google result pages 

(N=423) 

FEAR  
ANGRY  

DISGUST  
SAD  

 

F(9, 4215) = 6.226, p < .05 
F(9, 4215) = 4.680, p < .05 
F(9, 4215) = 4.233, p < .05 
F(9, 4215) = 7.860, p < .05 

DISGUST  
FEAR  

HAPPY  

Wheel scroll up on 
non-Google, target 

pages (N=1517) 

DISGUST  
FEAR  

HAPPY  
 

F(9, 15165) = 9.026, p < .05 
F(9, 15165) = 3.926, p < .05 
F(9, 15165) = 3.982, p < .05 

no significant 
emotion changes 

Submission of a query 
and review of Google 

search results 

no significant 
emotion 

 



immediately after the 
submission (N=508) 

changes 

HAPPY  
 

Selection of one of the 
Google retrieved 

results and review of a 
document immediately 

after the selection 
(N=658) 

 

HAPPY  F(9, 6570) = 2.851, p < .05 

 
We now discuss individual patterns of emotional 

expressions around the analyzed search behaviors. In this 
discussion, we assume that emotional expressions at least to 
some degree represent emotions experienced by the searchers 
before and after they interact with the retrieval system. 

Left Button mouse click represented a decision to change 
the current view by clicking on a Search button, URL or 
another application, changing the page focus, and was the most 
frequent search behavior across all participants. The analysis 
showed that neutral expressions decreased while surprise and 
sad expressions increased after the click. This finding suggests 
that searchers are relatively calm before deciding to change the 
current screen view, but the change usually leads to immediate 
surprise or sadness, which in turn might indicate that searchers 
actions result in something unexpected or disappointing.  

Left Button Double click is similar to the single Left Button 
click, and might represent personal style, preference or 
impatience. The distribution of emotional expressions around 
this click is similar to the distribution of emotions around Left 
Button click. Expressions of disgust and sadness increased 
after the click. The latter expression peaked right after the click 
(within 0-3 second interval after the click). The increase of 
disgust and sad expressions might indicate that searchers did 
not see what they were expecting to see; that they might have 
had wrong expectations before changing the status quo, for 
example, an expectation to immediately solve the problem and 
find the answer.  

Middle Button Double click was a rare behavior which 
might represent a selection or a scrolling technique. Similar to 
the previously discussed clicks, neutral expressions decreased 
while surprise expressions increased after the click. Disgust 
expression varied around the click, it did not consistently 
increase or decrease after the change on the screen. We saw a 
significant variation of happy expressions around this click: 
happy expressions peaked around 9-12 seconds after the click, 
indicating that after brief initial examination of the changed 
screen, searchers were happy with what they saw. 

We did not find any significant variations of emotional 
expressions around the Right Button Down click that 
represented decision to manipulate screen text (copy, paste, 
etc.). This finding might suggest that this type of click is 
different from others in that it is made when the judgment 
about the text quality and the decision to use it are made, 
resulting in lack of specific expectations and emotion 
variations. 

Wheel Down scroll, representing the decision to review 
additional information on the page, was the most frequent 
search behavior. As searchers scrolled down the Google page, 

they felt sadder, possibly more disappointed in not immediately 
seeing relevant results. Presence of this emotion during the 
viewing of the Google page helps to explain why most of the 
participants examine top results and either click on one of the 
top links or chose to re-formulate their query [23]. 

The large number of Wheel Down clicks on non-Google 
pages indicates active examination of the target pages, the 
pages where participants expected to find the answer based on 
the information given by the Google result page. Surprise 
increased right after the click, while angry expressions peaked 
in the 3-6 second interval after the click; disgust expressions 
peaked around the click (between 3 sec before and 3 sec after 
the click). Fear and neutral expressions increased after the 
click, while happiness and sadness decreased. This pattern 
suggests that before deciding to scroll down the page, searchers 
felt happy and/or sad, and were interested in further examining 
the page. After the click they were surprised, fearful and angry, 
perhaps because they did not immediately see what they were  
expecting. Their happiness and sadness levels dropped, but 
their neutral expressions also increased, possibly indicating 
return to the search routine mode. 

Wheel Up scrolls, indicating searchers desire to re-examine 
the information on the page or return to the navigation features, 
were significantly less frequent than the Wheel down scrolls. 
Analysis of the emotional pattern around Wheel up scroll on 
Google results pages indicated that the probability of angry 
expressions peaked right after the click, disgust peaked 
between 6 to 12 seconds after the click, fear expressions 
decreased and sad expressions increased after the click. As 
with the previous click, the immediate reaction to the change 
was generally negative, except for the decreased fear, 
suggesting that searchers were generally upset while scrolling 
up the Google page to re-visit the results or reformulate the 
query. 

The pattern of the Wheel up scrolls on non-Google pages 
was one of the few patterns where we can actually talk about 
improvement of emotions after clicking. Specifically, happy 
expressions varied around the click, but peaked in the interval 
between 3 seconds before and 3 seconds after the click and 
than between 12-15 seconds after the click; disgust and fear 
expressions decreased after the click. The emotional pattern 
around the Wheel up scroll on the target, non-Google page 
points to the improved feelings associated with the re-
examination of the information on the previously selected 
page, possibly confirmation of relevance judgments made 
during selection of the page.  

We performed two types of analysis of the emotion 
expression patterns around Google page changes using 
different time intervals around the event. In one analysis we 



used five 3 second intervals before and after the page change, 
resulting in the total of 30 seconds around the page change. In 
another analysis we extended the intervals to 6 seconds and 
analyzed the total of 60 seconds around the event. Both 
analyses revealed no significant variations in the expressed 
emotions. 

Analysis of the emotion patterns around the non-Google 
pages indicated higher levels of happiness before the page 
change, especially in the 18-24 seconds before the page 
change. This finding suggests that the searchers were happier 
about the previous page they examined.  

Overall, though all emotional patterns around various clicks 
were unique, there were some similarities. For example, 
surprise, and sometimes sadness, tended to increase 
immediately after the search behavior. This finding suggests 
that the change resulting from the search behavior is not what 
participants expected, and in turn suggests that participants 
surprise is either 1) a natural reaction on any change during the 
search, or, 2) searchers set wrong expectations for the change. 
It is interesting that despite negative emotions that immediately 
follow the click, searchers continue clicking. Wheel up on non-
Google page was the only behavior characterized by emotional 
pattern where there was an obvious increase in positive 
emotions, so it was the only emotionally ‘rewarding’ behavior 
during the search.  

Based on the nature of emotional patterns around Google 
and non-Google page changes and Right Button down clicks, 
these are different types of search behaviors then other clicks. 
We hypothesize that Right Button click is not a typical 
searching behavior since it does not involve set expectations 
before the click or evaluative judgments after the click, but 
rather a technical solution to modifying the text. The reason for 
not seeing patters of emotional expressions around URL 
changes could be related to the time intervals we chose to 
observe. It is possible that our window of observation is 
skewed by the time it takes for the page to load, so in the future 
we need to determine not the time when the page registers in 
the URL address bar, but when the page actually loads in a 
browser. 

Use of qualitative methods, such as detailed interviews with 
participants or use of a think-aloud technique, is needed for the 
future studies to validate the findings and find out what 
searchers’ feel and why. 

VI. CONCLUSION 

One of our most interesting findings was the fact that each 
behavior, that in turn represented a decision to change the 
search screen, was associated with a unique pattern of 
emotional expressions. If behaviors are characterized by the 
unique set of emotions and vice versa, it can lead to the 
development of classification of search behaviors and 
corresponding emotional expressions. Such classification can 
inform the development of affective IR systems that can 
recognize emotions, anticipate and, if necessary, influence 
searchers’ behaviors. For example, if the system can read an 
emotional pattern that usually precedes a certain type of click, 
it can anticipate what a user wants to do and suggest a certain 
search move that might be useful for the searcher in his/her 

current situation. Affective IR systems can mitigate negative 
emotions by being ‘intelligent’, making judgments and 
providing additional information about the search to the 
searchers.  For example, our analysis of the emotional patterns 
indicated that most of the decisions to change the status quo 
lead to immediate negative reactions to the change. Increase of 
the negative emotions might be explained by the inaccurate 
predictions about the effects of the change. Perhaps, systems 
can be programmed to adjust searchers’ expectations, by, for 
example, evaluating a query and immediately informing the 
searcher about its difficulty level. If the query has a ready 
answer, the system might offer it; if the preliminary results 
indicate that there is no immediate answer, the system can be 
programmed to warn the searcher about estimated search time 
and effort needed to find the answer. Presentation of the search 
results and documents can be altered to save searcher’s efforts 
and disappointments associated with certain types of clicks. 
For example, search results might offer an option to preview 
the source text, highlight relevant parts of the text, etc.  

It was somewhat surprising to find that most of the clicks 
were immediately followed by the increase in negative 
emotions. One would think that any click is a result of a 
decision to change the status quo for the better. Why, then, did 
the change not result in an immediate improvement of the 
searcher’s emotional state? One possible explanation might be 
the fact that we did not examine long enough episodes when 
the positive change occurs after the click. Extending analyzed 
periods after the click might show eventual improvements of 
emotional states of the searcher after the clicks. It is also 
possible that immediate negative reactions to the change is 
natural and does not need to be mitigated since it leads to 
learning better search strategies. Another possibility is that 
searchers have high expectations about the results of their 
actions, they might expect to find relevant information sooner, 
and therefore are disappointed when their action does not 
immediately lead them to the answer. 

It is worth highlighting that the only type of search 
behavior that lead to the improvement of emotional state was 
wheel up scroll, or a decision to re-examine an already selected 
page or document. This observation can be used in information 
literacy education to emphasize that thorough searchers have a 
chance to experience more positive feelings (a phenomenon 
that is also discussed in [24].) 

The study had a number of limitations related to the study 
design, sample, data analysis methods and investigated 
variables. The main negative side effect of the experimental 
setting was the fact that participants performed pre-determined 
search tasks, did not have a personal stake in the search 
outcomes, and could have been indifferent to the quality of the 
search outcomes. We tried mitigating this effect by designing 
tasks that would appear interesting and relevant to the studied 
sample (e.g., music piracy and college enrollment), but future 
research should consider studying searchers in their natural 
environments where they care about search outcomes and look 
for the information to solve their real life problems. While most 
of the participants indicated that they were not aware of the 
laboratory equipment and that searching in the lab felt similar 
to searching in a public space (e.g. library), the lab setting 



might have affected searchers’ performance and subjective 
states.  

The study used a convenience sample of undergraduate 
students most of whom used search engines very frequently. 
Such a sample makes the study findings generalizable to a 
relatively small group. However, if emotional expressions are 
universal, that should at least in theory mean that other groups 
of searchers with similar searching skills and experience would 
exhibit similar emotion patters. Future work is needed to 
examine emotions of searchers with different searching skills, 
representing different demographics, etc.  

The study was, to a large extent, exploratory because it is 
still a relatively new area of research. Because we did not have 
a lot of theories or prior findings to ground our decisions, we 
made some judgments based on the preliminary data analysis. 
A priori, we did not know what intervals before and after 
search behaviors to review for the presence of emotions. We 
had to determine the intervals, a posteriori, by examining the 
data and detecting variations in the data. We also did not 
examine all possible search behaviors, but made a decision to 
examine behaviors that are easiest for the system to detect (e.g., 
different type of clicks). In the future, we can include other 
search behaviors, for example a query typing event, and 
examine emotional patterns during and around them.  

One of the major assumptions we made in the study, the 
assumption that facial expressions represent emotions, also 
needs verification. While our assumption is based on the well-
supported theory, there is disagreement about the nature of 
emotions and their expressions in the psychology research, 
which limits our findings to a particular view on emotions. To 
better know what emotions participants experience during the 
search, future studies should consider using sensory data (e.g., 
EKG), as well as self-report methods (e.g. asking participants 
to describe their emotional states using a talk-aloud, interview 
or other self-report methods. 

We hope that our findings related to the role of emotions in 
online searching will advance the science of designing and 
optimizing IR systems. Emotion detection is the first step in 
building interactive affective systems. Once it becomes 
possible to build systems that are capable of recognizing ever-
changing emotions and relating them to specific search 
behaviors, we can focus on developing a set of appropriate 
system reactions to specific recognizable emotions (e.g., 
humorous message to cheer up an upset user from studies of 
[25] and [26]).  
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