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a b s t r a c t

When people talk to each other, eye contact is very important for a trustful and efficient communication.
Video-conferencing systems were invented to enable such communication over large distances, recently
using mostly Internet and personal computers. Despite low cost of such solutions, a broader acceptance
and use of these communication means has not happened yet. One of the most important reasons for this
situation is that it is almost impossible to establish eye contact between distant parties on the most com-
mon hardware configurations of such videoconferencing systems, where the camera for face capture is
usually mounted above the computer monitor, where the face of the correspondent is observed.
Different hardware and software solutions to this problem of missing eye contact have been proposed
over the years. In this article we propose a simple solution that can improve the subjective feeling of
eye contact, which is based on how people perceive 3D scenes displayed on slanted surfaces, and offer
some experiments in support of the hypothesis.

� 2016 Elsevier B.V. All rights reserved.

1. Introduction

Videoconferencing enables people to communicate face-to-face
over remote distances using video and audio telecommunication
technology. First videoconferencing systems appeared already in
the late 1930s when television was invented. In 1970 AT&T
launched the Picturephone service convinced that a video phone
would be a huge commercial success. But the Picturephone was a
large customer failure due in part to dedicated big phone sets, high
cost and, most of all, by making the experience uncomfortably
intrusive since the Picturephone was by default always on [1].
However, teleconferencing became widespread in the 1990s with
the advent of computer technology when Internet protocol-based
videoconferencing made this functionality available to a much
larger public as a service on existing equipment. In the 2000s
free Internet videoconferencing services such as Skype became
available to most users as applications on personal and laptop
computers. Now, hand-held mobile devices offer similar videocon-
ferencing services.

Videoconferencing is an important alternative to other means of
interpersonal communication in many different application areas
when live conversation is needed and when non-verbal or visual
information is an important component of conversation. People

with deafness or hearing disorder and people with speech disor-
ders or mutism can now use videoconferencing to communicate
with each other using sign language.

Despite these large technical advances, mass adoption of video-
conferencing has not materialized yet, although futurists have pre-
dicted for almost a century that telephone conversations in the
future will proceed as face-to-face meetings using audio and video
[2]. The first reason for this conservative attitude is that voice com-
munication is often sufficient in many situations while the second
reason is that videoconferencing technology still does not offer the
same experience as face-to-face communication in real, physical
space. One of the major unresolved issues of videoconferencing
concerning the user experience is the loss of eye contact between
participants of a teleconferencing session [2–4]. The other reasons
are that systems for videoconferencing are still complex and differ-
ent systems are not inter-compatible. Some users are also appear-
ance shy and being on camera hinders their communication
capability. The most serious issue, however, is that it is normally
very difficult if not impossible to establish eye contact between
the users of a videoconferencing system.

1.1. Eye contact

People are very sensitive to the direction of the eye gaze of
other people. We are able to determine very accurately if some-
body is actually looking at us. Our eyes express our emotions
and intentions and they help us direct attention [5]. Cultural norms
in different societies dictate when, for how long and in what
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situations it is appropriate to gaze into another person’s eyes. In
Japanese society, for example, eye contact can be considered rude,
especially eye contact with a superior [6]. Eye contact plays an
important role in the broader context of maintaining one’s per-
sonal space, even in virtual environments [7]. Nontheless, eye con-
tact is very important, especially in communication between
individuals, because avoiding eye contact when communicating
face-to-face can be associated with deception [8]. The inability of
establishing and maintaining eye contact in videoconferencing sys-
tems is one of the most serious limitations of such systems [3,4]
since the relationship between the ability to accurately perceive
eye contact and the efficiency of communication has been firmly
established [9].

Therefore, the problem of establishing eye contact may have
affected a wider adoption of videoconferencing systems. Gaze pat-
terns, which in general provide an extremely important and rich
set of serial signals in face-to-face communication, should there-
fore be taken into account for videoconferencing design [10].

Why is the establishment of eye contact difficult over videocon-
ferencing systems? During conversation, a person’s eyes are usu-
ally directed at the center of the computer screen where the
videoconferencing partner’s face is displayed. The cameras for cap-
turing the video signal, however, are usually mounted or even
built-in above the display screen. Therefore, using average sized
desktop computer displays at a normal viewing distances, the
angle between the viewing direction and the optical axis of the
camera is usually between 15 and 20 degrees [11]. If the angle
between the line from the camera to the eyes and the line from
the eyes to the screen is more than 5 degrees the loss of eye contact
is noticeable, and in the case of 15–20 degrees the loss of eye con-
tact is inevitable [12]. An example of this parallax in videoconfer-
encing is shown in Figs. 1 and 2.

The same problem arises also if the face of a video conference
correspondent is displayed in a smaller window on a large screen
and if the angle between the correspondent’s face in that window
and the position of the camera is larger than 5 degrees. The prob-
lem with small handheld devices with a built-in camera is nor-
mally not as severe, since at the normal viewing distance the
angle between the lines towards the image of the face and the
camera is smaller than 5 degrees. Indeed, studies have shown that
videoconferencing where the camera is mounted above the com-
puter monitor, and thus disabling eye contact, is less trusted than
a centrally mounted camera, where eye contact is enabled, but
even less trusted than just a voice connection or email [8]. Eye con-
tact is simply a nearly ubiquitous method of affirming trust when

people communicate face to face. If several people are involved in a
teleconferencing session even more issues related to communicat-
ing important non-verbal information between participants arise
in comparison to a dyadic video mediated communication [2,13].
An excellent overview of gaze perception and the problem of eye
contact during videoconferencing is presented by Bohannon et al.
[4].

Out of this frustration with existing videoconferencing systems
the idea of 3D tele-immersion has arisen [14]. Tele-immersion is an
emerging technology that enables users to collaborate remotely by
generating realistic 3D avatars in real time and rendering them
inside a shared virtual space [15]. A tele-immersive environment
thus provides a venue not only for talking between users as in
tele-conferencing systems but also for collaborative work on 3D
models and even remote teaching of physical activities. Such
tele-immersive systems need, on the one end, 3D video capture
technologies and, on the other end, a virtual reality display, making
these experimental systems at present still unreachable to the gen-
eral public.

In this article, we propose a solution for obtaining a better per-
ception of establishing eye contact in a typical dyadic, video
mediated face-to-face communication scenario, based on psy-
chophysical properties of the human visual perceptual system.
We have proposed this solution initially in a conference article in
2011, but without much analysis and discussion about the expla-
nation of the observed effect [16]. We have further described this
solution as one of possible applications of dynamic anamorphosis
in [17]. In this article we give a broad overview of the problem of
missing eye contact in videoconferencing systems and all possible
solutions proposed to solve this problem. Additional experiments
to illuminate and confirm our proposal are described in this article
as well as a more in-depth analysis and a discussion of our
proposed solution of the problem of missing eye contact in
videoconferencing systems using results from psychophysical
literature.

The structure of the rest of the article is as follows: Section 2 is
an overview of previous attempts of solving the problem of missing
eye contact in videoconferencing systems and on the background
of human visual perception related to the issue of eye contact. Sec-
tion 3 defines our proposal for solving the problem of missing eye
contact in videoconferencing systems and describes three experi-
ments that we made in order to back up our proposal. In Section 4
we discuss possible underlaying psychophysical mechanisms that
come into play in the context of our proposal to improve the eye
contact. Conclusions are in Section 5.

Fig. 1. A typical situation while communicating over a videoconference system over the Internet: person A is looking at the image of person B in the middle of the computer
screen in front of him, while on the other end, person B is looking at the image of person A in the middle of his computer screen. Because cameras on both ends are mounted
above the computer screens, the eyes of the faces imaged on both screens are looking downwards and thus the eye contact between both parties A and B cannot be
established. When using a large computer monitor, the angle between the viewing direction of the user and the line between his eyes and the camera is typically about 15
degrees.
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