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The Effects of Eye Design on the Perception of Social Robots
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Abstract— Engagement with social robots is influenced by
their appearance and shape. While robots are designed with
various features, almost all designs have some form of eyes.
In this paper, we evaluate eye design variations for tabletop
robots in a lab study, with the goal of learning how they
influence participants’ perception of the robots’ personality and
functionality. This evaluation is conducted with non-working
“paper prototypes”, a common design methodology which
enables quick evaluation of a variety of designs. By comparing
sixteen eye designs we found: (1) The more lifelike the design
of the eyes was, the higher the robot was rated on personable
qualities, and the more suitable it was perceived to be for
the home; (2) Eye design did not affect how professional and
how suitable for the office the robot was perceived to be. We
suggest that designers can use paper prototypes as a design
methodology to quickly evaluate variations of a particular
feature for social robots.

I. I NTRODUCTION
Socially expressive robots are likely to share physical
spaces and assist humans in a variety of situations in the
near future. Previous work shows that people not only have a
positive attitude towards collaboration with robots on a daily
basis [1], but also that they are in favor of a companion robot
in their home [2]. It is therefore not surprising that social
robots are increasingly entering the consumer market.
Most robots in the consumer market are designed with
some facial features that resemble eyes and enable gaze
interaction and eye contact. Moreover, a survey of rendered
faces for robots found that eyes were the only feature all
robots had in common [3]. While most eyes are designed as
“lifelike” ones, resembling the eyes of a cartoon character or
animal [4]–[6], some robots are designed with more abstract
facial features that leave it to the users to anthropomorphize
them [7]–[9]. Previous research is inconclusive about the
better choice between the two directions [10]–[12].
A deeper understanding of this design space could enable
more compelling interactions, because unlike smart-phones
and “Internet of Things” devices, robots use facial features,
their eyes in particular, as a significant part of the interaction
with users [13], [14]. Furthermore, experimental evidence
suggests that there is value in examining facial features
when designing a robot, as they influence the way it is perceived [3], [15]–[17]. DiSalvo and colleagues, for instance,
show that the dimensions of the face, the number of features,
and their complexity heavily influence the perception of a
robot’s humanness [15].
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Fig. 1. Sixteen paper prototypes that vary in eye design and robot head. We
created four prototypes for each eye condition (top to bottom) by four robot
head types (left to right).
.

Previous studies have mostly focused on the design space
of anthropomorphic robots’ facial features. In this work, we
expand beyond anthropomorphic design and evaluate a range
of eye designs, from lifelike to abstract, to address the range
of designs seen in the consumer market. We create sixteen
non-working prototypes made of card stock in the spirit of
“Paper Prototyping” [18], each with a different eye design
(Fig. 1). The prototypes were made as tabletop robots—
relatively small robots that can be placed on a table or a
kitchen counter, which are similar to robots in the consumer
market, such as Jibo [9] and Tapia [5]. We examine the
design of eyes and whether participants’ perception of the
robots were influenced as a result.
The experiment we conducted suggests insights about the
influence of eye design on the perception of social robots
according to two factors—personable and professional: (1)
The closer the eye design was to lifelike eyes, the higher
the robot was rated on the personable factor, which included
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qualities such as cooperative, cheerful, friendly and suitable
for the home; (2) No differences were found between eye
designs according to the professional factor—all prototypes
were rated similarly on qualities such as responsible, knowledgeable, intelligent and suitable for the office.
Furthermore, we offer a design method to evaluate multiple design options for a particular feature of social robots.
Frequently designers are limited to few point solutions in
the broad space of possible designs, and often make design
decisions based on intuition. By using the method we present
in this paper, designers can quickly compare dozens of design
variations for a single feature. The process is low cost, can
indicate various advantages and disadvantages of a particular
design element, and allows designers to test features early on,
without committing to a single design for manufacturing or
high-fidelity prototyping.
II. R ELATED W ORK
Intelligent robots that offer personal support through a
companionable interface are often suggested as future home
assistants. Some of their applications include robots for
security [19], entertainment [20], elder care [21], home
control [22] and social companionship [9]. One of the
reasons why robots are good candidates for these tasks
is that they have expressive and evocative interfaces. By
using verbal and nonverbal behavior, robots are capable
of communicating intention [14], expressing emotion and
indicating their functionality [23].
Previous work found that gaze is a particularly important
aspect in human-robot interaction. Just like in human-human
interaction, gaze is a powerful nonverbal cue that is used
to signal interest and emotional state, gather information,
direct attention, and regulate conversation through turntaking [24]. Because of its importance, HRI researchers have
explored behaviors that may be achievable through robot
gaze. Robots have used gaze successfully to signal participant roles [13], facilitate turn-taking [25], affect perceptions
of closeness [26] and manage conversation with a number
of participants [27]. Admoni and colleagues found that gaze
congruent with speech assists collaborative performance with
a robot [28]. Additional research compared different gaze
behaviors to gain understanding about which behavior best
supports human-robot interaction [29], [30].
Yet the effect of gaze is caused not only by motion, but
also by the exterior design of the eyes executing it. Prior
research shows that the way in which the face of a robot is
designed is likely to influence its perception and the interaction people have with it [15], [16]—researchers found that
the complexity of the eyes, the number of facial features, and
the proportions in the face are critical for conveying humanness [15]. Komatsu and Kamide compared 64 combinations
of size and position of human facial features on 2D robots
to better understand what facial structure is required for
different robot roles [17]. Kalegina and colleagues surveyed
existing rendered faces for social robots, and found that the
existence, and particular design of features on a rendered
robot’s face also influence the perception of its personality
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Fig. 2. Sixteen eye designs were evaluated in this study. The four conditions
were lifelike eyes, semi-lifelike eyes, abstract eye and no eyes, which were
implemented in four head types: angle, ribbon, cube and sphere.

and role [3]. We step back from anthropomorphic robot faces
that have been previously researched, and examine a set of
eye designs from lifelike to abstract.
People tend to attribute human characteristics to architecture, objects, and non-human living creatures, which makes
them seem more appealing [31]. Because of this propensity,
product designers frequently use anthropomorphic forms as a
way to draw customers in. While research suggests that using
anthropomorphism in robot design could benefit the interaction [10], other work suggests that non-anthropomorphic
robots are also capable of creating compelling interactions [11], [12], [22]. Furthermore, research has shown that
people tend to anthropomorphize even the weakest social
cues [32]. Thus, our understanding of how abstracted robot
facial features should be designed remains inconclusive.
Blow and colleagues mapped the design space of social
robot faces on a diagram with three extremes: Realistic,
Iconic and Abstract, and noted it would be worthwhile to
evaluate this design space [33]. We focus on two of the
three extremes, and set out to examine how abstracted eye
features influence the perception of a robot’s personality and
functionality, compared to more iconic, “lifelike” eye forms.
III. E XPERIMENTAL D ESIGN
Using a paper-prototyping approach [18], we generated
sixteen non-working robot prototypes made of card stock
with different eye designs. Paper prototyping has been established as a design method that can result in precise and indepth insights at an early stage of designing a prototype [18].
Therefore, this method was suitable for our goal of evaluating
a broad range of eye feature designs.
Rather than exploring one or two point solutions, we
set out to evaluate a range of eye variations. We started
the design process by sketching tens of eye designs for
tabletop social robots. We then grouped them on a continuum
between lifelike eyes to abstract eyes, and concluded with
three eye design categories, each with more abstraction than
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(a)

H1 : The more lifelike the design of the eyes, the higher
the robot will be rated on personable traits, and the higher
it will be rated on suitability for the home. That is, lifelike
eyes would be rated higher than semi-lifelike eyes, and semilifelike eyes would be rated higher than abstract eyes. We
hypothesize that abstract eyes will be rated higher than the
control (no eyes) condition.
H2 : The more abstract the design of the eyes, the higher
the robot will be rated on professional traits, and the higher
it will be rated on suitability for the office. That is, abstract
eyes would be rated higher than semi-lifelike eyes, and semilifelike eyes higher than lifelike eyes.
H3 : There will be no differences in perception between
different robot head designs.
B. Participants
We conducted a mixed within and between subjects experimental design in a controlled lab setting. Seventy-two
English-speaking participants located in the United States
participated. They were between the ages of 18-45, 40
female.

(b)

C. Measures
Fig. 3. Participants were first exposed to one prototype at a time to evaluate
it (a), and then all four prototypes were exposed for the interview (b).

the previous: lifelike eyes, semi-lifelike eyes and abstract
eyes. Four eye designs that were preferred by the design
team were chosen from each category for evaluation, and a
control condition of no eyes was added (Fig. 2).
Lifelike eyes, the most lifelike form of the four conditions,
were taken from social robot designs in the consumer market. They were placed on the robot prototypes by printing
photographs of the eyes [34]–[37]. Semi-lifelike eyes maintained the quantity of two eyes, but were designed in more
abstracted forms made of paper. Abstract eyes continued the
abstraction with one central point of reference as a facial
feature, similar to previously designed robots [8], [9]. Lastly,
the control condition was created by designing prototypes
with a completely clean face and no eyes. The bodies of all
the prototypes were identical.
Each robot had a combination of eye design and head
shape. The head categories were angle, ribbon, cube or
sphere heads. Each type of head was randomly combined
with one of four eye conditions (cubed head and lifelike
eyes; cubed head and semi-lifelike eyes; etc., Fig. 2). The
alternation in both heads and eyes was intended to ensure
that the type of eyes was the element that influenced participants’ perception, not a particular set of eyes, or a specific
combination of eye and head design.
A. Hypotheses
The hypotheses were derived from previous work that
suggested that people prefer robots that are more humanlike for social roles, and robots that look more functional
for serious roles [38]. We are interested in whether these
characteristics map onto eye design of social robots.
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Each participant was asked to evaluate four prototypes of
the same robot head type, one of each eye condition: lifelike
eyes, semi-lifelike eyes, abstract eye, and no eyes. The robot
head type varied between participants.
We used a combination of quantitative and qualitative
methods: Participants answered a repeated questionnaire
about each of the four prototypes, and semi-structured interviews were conducted at the completion of the study.
The quantitative questionnaire was taken from [39], as
a tool for evaluating the perceived social and intellectual
characteristics of social robots. The questionnaire originally
included 22 seven-point semantic differential items, for example “How intelligent / unintelligent does the robot look?”,
or “How attractive / unattractive is the robot?” Five items
were removed from the scale because they asked about
the robot’s behavior—since our study used non-working
prototypes, these items were irrelevant. We added six items
that asked about the suitability of the robot for common
contexts for social robots, such as “suitable for the office”
and “suitable for entertainment”.
To validate the modifications in the questionnaire, the data
was subjected to an exploratory factor analysis [40]. An
eigenvalue cut-off of 1.0 resulted in two factors: a 16 item
scale measuring personable qualities (α = 0.943) and a 6 item
scale measuring professional qualities (α = 0.837). One item
(“How cool / warm is the robot”) was removed to achieve a
simple structure [40].
The qualitative interviews were conducted as follows: Participants was asked to describe each of the prototypes, from
the first to the fourth (the order was randomized between
participants). For each robot, after the general description the
experimenter asked what the participant thought the robot’s
most significant personality trait and mood might be. The
interviews were later analyzed using affinity diagrams [41].

1034

CONDITIONS
Lifelike eyes
Semi-lifelike eyes
Abstract eyes
No eyes

Personable
65.28%
54.17%
27.78%
23.61%

Emotional
50.00%
37.50%
9.72%
20.83%

Professional
51.39%
40.28%
61.11%
75.00%

Apathetic
26.39%
27.78%
54.17%
85.42%

TABLE 1. Qualitative results from interviews with participants. Each number represents the percentage of all
participants that described a particular condition with a particular quality. For example, 65.28% of participants
described robots with lifelike eyes as personable.

D. Procedure
Each participant started the experiment with a consent
form, followed by a demographics questionnaire. Then, the
experimenter explained to participants that they will be
presented with four early-stage robot prototypes, one at a
time, and will be asked to fill in a questionnaire about their
perceived personality and functionality. The experimenter
emphasized that the robots are non-working prototypes, and
that participants should express their first impressions based
on the robots’ appearances.
During the experiment, one of four robots was exposed at
a time in order to reduce direct comparison (Fig. 3(a)). The
experiment ended with a semi-structured interview in which
all four prototypes were exposed and discussed (Fig. 3(b)).
The order in which the prototypes were presented was
counterbalanced using a Latin Square structure.
IV. R ESULTS
We used a mixed-design ANOVA model for analysis
coupled with a comparison post-hoc Bonferroni test, with
eye condition as the independent variable within subjects,
and head type as the independent variable between subjects.
This model was applied to the two factors of the robot’s
perceived personality and functionality that were indicated in
the exploratory factor analysis: personable and professional.
Results show that eye type had a significant and large
effect on how personable the robot was perceived (F(3,71) =
18.53, p<0.001, ω 2 = 0.195). Within subject effects with a
post hoc Bonferroni correction indicated lifelike eyes were
rated significantly higher than semi-lifelike eyes, abstract
eyes and no eyes (p<0.05, p<0.001, p<0.001, Cohen’s
d = 0.324, 0.691, 0.715 respectively), and semi-lifelike eyes
were rated significantly higher than abstract eyes and no
eyes (p<0.01, p<0.05, Cohen’s d=0.448, 0.364 respectively).
There was no significant difference between abstract eyes
and no eyes. These findings support H1 .
Results also show that eye type did not have a significant
effect on how professional the robot was perceived to be,
with no significant differences between the four conditions
(F(3,71) = 3.567, p>0.05). Therefore, the findings refute H2 .
No significant differences were found between head designs (between subjects), thus, H3 was also supported.
A. Qualitative Results
We analyzed the qualitative data by coding audio recordings of the semi-structured interviews. Each quality that was
mentioned when describing a particular prototype was noted.
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We grouped similar qualities using an affinity diagramming
method [42], and quantified the number of unique mentions
(one count per participant) for each group.
The results of the qualitative analysis are presented in
Table 1: 65.28% of participants described robots with lifelike
eyes as personable, and 54.17% described robots with semilifelike eyes as personable, with qualities such as friendly,
cute and cheerful. Only 27.78% attributed similar qualities
to robots with an abstract eye, and 23.61% to robots with
no eyes. Lifelike eyes and semi-lifelike eyes were also described with more emotional qualities, for example, sensible,
thoughtful and loyal (50% and 37.5% respectively), than
abstract eye and no eyes conditions (9.72% and 20.83%).
These results support the quantitative finding of the personable factor and H1 .
On the other hand, abstract eye and no eyes conditions
were described more frequently is ways that imply that they
look functional and professional, for example, responsible,
efficient, smart and serious (61.11% for abstract eyes and
75% for no eyes, as opposed to 51.39% for lifelike eyes and
40.28% for semi-lifelike eyes). Nevertheless, the description
of robots with abstract eyes and no eyes were also described
as neutral, at times to the extent of seeming cold, not
responsive, and hard to interact with (54.17% and 85.42% respectively). Such descriptions were less common for lifelike
and semi-lifelike eyes (26.39% and 27.78% respectively).
In the interviews participants generally described robots
with lifelike eyes and semi-lifelike eyes as ones that would be
more pleasant to interact with, and that are more suitable for
personal use, such as entertainment or personal assistance.
However, participants claimed that robots with abstract eyes
and with no eyes appear more serious and efficient, and that
they are more likely to trust them in a professional setting.
V. D ISCUSSION
In this work, we compare sixteen eye design options for
social tabletop robots using a paper prototyping approach.
The designed eyes were created on a continuum from lifelike
to abstract eyes, and fall into one of four categories: lifelike
eyes, semi-lifelike eyes, abstract eye or no eyes (control).
We find that H1 was largely supported: The more lifelike
the robot’s eyes were, the more positively the robot was
perceived on personable qualities and on suitability for the
home, according to both quantitative and qualitative results.
We did not find a difference between the abstract eye
condition and the control condition.
H2 , that predicted that more abstract eye designs would be
perceived as more professional and suitable for the office was
only partially supported: While in the qualitative analysis we
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Fig. 4. The graphs show the results of the study that evaluated eye design of social robots on personable and professional perception factors. The evaluation
included four eye conditions: lifelike eyes, semi-lifelike eyes, abstract eye and no eyes. The more lifelike the eye design was, the more personable the
perception of the robot was (left). We did not find differences between conditions for the professional factor (right).

found that abstract eyes and no eyes were perceived as more
professional than lifelike eyes and semi-lifelike eyes, the
quantitative analysis did not display significant differences.
H3 was also supported: We did not find differences between subjects, i.e, between robot heads.
Based on these findings, we can draw two main conclusions: (1) Robots with more lifelike eyes are perceived as
more personable, more suitable for the home environment
and more suitable for entertainment; (2) There are no significant differences in perception of professional aspects of
robots, such as reliability, intelligence and suitability for the
office, as a result of varying eye design. Although there
was a trend in both qualitative and quantitative parts of
the study that suggested that abstract eye designs for robots
were perceived as more professional, the differences were
relatively small and did not reach statistical significance.
Thus, when designing robots for the home, it may be
critical to design lifelike eyes that invite social and emotional
interaction. However, if a tabletop robot is designed for
professional use, the design of eyes is perhaps less important,
and designers might want to focus on the overall design and
the robot’s behavior and capabilities. More research is needed
to fully flesh out this design space.
We did not find a difference in perception between the
abstract eye condition and the control condition (no eyes).
This finding suggests that there was little difference between
having an abstracted focal point and not having any facial
features at all. An alternative explanation could be that the
abstract designs were too abstracted to enable participants to
anthropomorphize them without movement.
A secondary contribution of the paper is in the method we
used to evaluate various design elements. We formed four
categories for evaluation (lifelike eyes, semi-lifelike eyes,
abstract eyes, no eyes) and chose four different designs for
each category. Then, we implemented these designs on four
types of robot head structures. Designers can use this earlystage rapid evaluation process to broadly evaluate two dif-
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ferent design elements and the combinations between them
simultaneously (in our case—eye and head type). By quickly
comparing elements of the design, designers can create
experimental evidence that supports their product’s needs.
This method is low cost, and allows examination of design
variations for robot features early in the process, without
committing to a single design direction for manufacturing.
VI. L IMITATIONS AND F UTURE W ORK
Several limitations of this study should be considered.
First, the non-interactive nature in which the robots were
evaluated should be taken into consideration. Because the
interaction with social robots consists of many factors, including motion and voice modalities that influence the way
they are perceived, in this study we set out to isolate the
“first impression” robots induce. Future studies that conduct
a similar evaluation of eye designs with working prototypes
will be required to further validate our findings.
In addition, because we addressed a problem in the design
of tabletop robots, eye variations were chosen from a continuum between lifelike and abstract designs, but did not include
realistic eyes. The most lifelike eyes in our evaluation were
animal or cartoon like, as commonly seen in the design of
social robots in the consumer market. Thus, an additional
condition of human-like eyes, with detailed features, such
as eyelids or lashes, can bring additional insight and would
perhaps bring the Uncanny Valley theory into question [43].
Finally, the participants in this study are from the United
States, and have likely been exposed to robotic characters
from science fiction and social robots in the consumer
market. We realize this prior experience could lead to a
set of expectations about the design, and in particular, an
expectation for robots to have a particular design of eyes.
In order to conclude that robots with lifelike eyes would
be preferred for interaction, and not only address prior
expectations, a field study that tests interaction over time
is required.
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