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a b s t r a c t

To develop an efficient nonverbal human computer interaction system it is important to interpret the
user's implicit intention, which is vague. According to cognitive visuo-motor theory, the human eye
movements are a rich source of information about the human intention and behavior. According to
Beatty's study, a task-evoked pupillary response is a consistent index of the human cognitive load and
attention. In this paper, we propose a novel approach for a human's implicit intention recognition based
on the eyeball movement pattern and pupil size variation. Based on the Bernard's research, we classify
the human's implicit intention during a visual stimulus as informational and navigational intent. In the
present study, the navigational intent refers to the human's idea to find some interesting objects in a
visual input without a particular goal while the informational intent refers to the human's aspiration to
find a particular object of interest. The proposed model utilizes the salient features of the eye such as
fixation length, fixation count and pupil size variation as the inputs to classify the human's implicit
intention. The experimental results show that the proposed model can achieve plausible recognition
performance.

& 2013 Elsevier B.V. All rights reserved.

1. Introduction

Human intention recognition is crucial for an efficient human
computer interaction. Recently, intention modeling and recogni-
tion are being perceived in psychology and cognitive science to
create a new paradigm of human computer interface (HCI) and
human robot interaction (HRI) [1,2]. Human intention can be
explicit or implicit in nature. Generally, humans express their
intention explicitly through facial expressions, speech, and hand
gesture. In HCI and HRI, the user intention such as “copy this file”
or “close the door” can be explicitly conveyed through a keyboard
and a computer mouse [3], which can be easily interpreted.
However, the human's implicit intention is vague and is difficult
to understand. Interpreting the user's implicit intention, which
contains valuable information in addition to the explicit intention,
is vital in developing an efficient human computer interaction
system. Recently, there have been valid attempts to understand a
subject's implicit intention based on Electro-Encephalogram (EEG)
[4,5], Electrooculogram (EOG) [6], and Electromyogram (EMG) [6].

In humans, the eye movements are the essential motor move-
ments that are controlled by the human cognitive system [7,8]. In

other words, the eye movements and its position are not random
but directly related with the visual information present in the
scene and provide a rich window into the human's sensory
processing, intentions and thoughts. Therefore, being a “window
to the mind,” the eye and its movements are tightly coupled with
human cognitive processes. Therefore, in humans, when viewing a
visual scene, different implicit intentions result in different eye
movement patterns. Hence, the eyeball movement patterns can be
considered as possible factors for recognizing the human's implicit
intention. The notion to take advantage of the information present
in the eye-gaze leads to the development of efficient eye tracking
equipment [9] which attracted many researchers in human-
computer interaction [10–13]. In [14], the authors present an
eye-typing interface based on eye fixation tracing, an automated
method to map the eye movements into a process model predic-
tion using hidden Markov model. In [15], the authors develop an
eye based activity recognition (EAR) system using a support vector
machine (SVM) and eye movements such as fixations, saccades
and eye blinks. In addition to the eyeball movements, the pupil
size variation has been studied in relation to cognitive processing
and visual information [16]. The pupil size can be used as a
measure of the human attention [17].

In this work, we develop a methodology to classify the human's
implicit intention in real-world environment based on the eyeball
movement pattern and pupil size variation. Based on Bernard's
research [18], we categorize human's implicit intention as navigational
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and informational intent while visualizing the real-world scenes in
both in-door and out-door environments by the proposed method. To
analyze the human eyeball movement patterns and the pupil size
variation, we use the Tobii 1750 eye-tracking system [9]. Fixation
length, fixation count and pupil size variation are used as reliable
indicators to monitor the human's implicit intention. To classify the
user's intention we used two different types of classifiers: (1) nearest
neighborhood (NN) and (2) SVM. The proposed system with each of
the classifiers shows a reliable performance in classifying the user's
implicit intention in both in-door and out-door environment with
average recognition accuracy over 85%.

This paper is organized as follows. Section 2 presents a brief
literature review on the intention recognition and eye tracking.
Section 3 describes the proposed human implicit intention recog-
nition system based on eyeball movement pattern and pupil size
variation using a nearest neighborhood classifier. Section 4 pre-
sents the experimental results for the proposed intention recogni-
tion model on visual images obtained from indoor and outdoor
environments. Section 5 concludes the paper.

2. Intention recognition and eye tracking – a review

2.1. Definition of user intention

In cognitive psychology an intention refers to the thoughts one
has before producing an action [19]. According the theory of mind

[20], human beings have a natural way to represent, predict and
interpret the intention expressed explicitly or implicitly by the
others. For efficient human computer interaction system it is
necessary to understand the human's intention. Intention recogni-
tion is a relatively new field that is being widely used in web
applications [21] and internet security [22].

During an interaction human beings tend to express their intention
explicitly through speech, gesture and facial expression. A significant
work is done to understand the human explicit intention [23,24].
However, the explicit expressions alone may not be enough to
understand the human intention accurately. Therefore, it is critical to
understand the implicit human intention which is vague. Under-
standing the implicit human intention facilitates the nonverbal human
computer interaction which exists naturally in human beings.

The humans' implicit intention can be identified through
various biomedical signals which can be acquired from various
tissues, organs, or cell systems like the nervous system. Examples
include Electro-Encephalogram (EEG) [4,5], Electrooculogram
(EOG) [6], and Electromyogram (EMG) [6].

Several researchers [18,25–27] have examined the elements of user
intention in web searching using a variety of controlled studies,
surveys, and direct observation. In [25], the authors classified the
human intention in web searching into (1) search-oriented browsing
which is the process finding information relevant to a fixed task; (2)
review browsing which is the process of scanning to find interesting
information, and (3) scan browsingwhich is the process of scanning to
find information with no reviewing or integration involved. Marchio-
nini [26] articulated similar browsing patterns as directed browsing,
semi-directed browsing, and undirected browsing. The authors in
[18,27], classify the user intention in web search as (1) informational,
(2) navigational and (3) transactional or resource. In the present work,
we redefine and present a comprehensive classification of human
intention as

� Navigational intent: refers to the human's idea to find some
interesting objects in a visual input without a particular goal. In
other words, the subject glances over the input scene to get an
overall picture.

� Informational intent: refers to the human's aspiration to find a
particular object of interest. In other words, the subject searches
the input scene for a particular object assuming that it exists.

2.2. Eyeball movement pattern and pupil size variation – correlation
to human implicit intention

To visualize an object clearly, it is necessary to move the eyeball
to such a position that the object appears on the fovea, a small areaFig. 1. Tobii 1750 eye tracking system.

Table 1
Technical specifications of Tobii 1750.

Characteristic Technical specifications

Physical design � 17 in. TFT monitor,
� Max. resolution 1280�1024 pixels

Freedom of head-movement (W�H�D) � 30�16�20 cm3 at 63 cm from tracker.
Field of view of the camera � 21�16�20 cm3 at 60 cm from tracker.
Accuracy/Spatial resolution � 0.51/0.251

Data output � Time stamp
� Gaze position relative to stimuli for each eye (X and Y)
� Position in camera field of view of each eye (X and Y)
� Distance from camera of each eye
� Pupil size of each eye
� Validity code of each eye
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