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ABSTRACT
This paper investigates the influence of multimodal incon-
gruent gender cues on the perception of a robot’s uncan-
niness and gender in children. The back-projected robot
head Furhat was equipped with a female and male face tex-
ture and voice synthesizer and the voice and facial cues were
tested in congruent and incongruent combinations. 106 chil-
dren between the age of 8 and 13 participated in the study.
Results show that multimodal incongruent cues do not trig-
ger the feeling of uncanniness in children. These results are
significant as they support other recent research showing
that the perception of uncanniness cannot be triggered by
a categorical ambiguity in the robot. In addition, we found
that children rely on auditory cues much stronger than on
the facial cues when assigning a gender to the robot if pre-
sented with incongruent cues. These findings have implica-
tions for the robot design, as it seems possible to change the
gender of a robot by only changing its voice without creating
a feeling of uncanniness in a child.

CCS Concepts
•Human-centered computing→ Empirical studies in
HCI; •Computing methodologies→ Cognitive robotics;
Intelligent agents;

Keywords
Uncanny valley, child-robot interaction, multimodal voice
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1. INTRODUCTION
The categorization ambiguity theory of uncanniness claims

that a robot’s uncanniness is not a function of its human-
likeness, but it arises at any boundary between two oppos-
ing categories [8][19]. While the relation between human-
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likeness and uncanniness has already been researched in dif-
ferent dimensions [5][13][15], the relation between the gender
of the robot and its uncanniness has rarely been investigated.
Further, studies on children’s perception of uncanniness are
uncommon, with some noteable exceptions [16][27]. How-
ever, this demographic represents an important set of end-
users for applications, e.g., robots as tutors or companions.

This paper investigates whether multimodal incongruent
gender cues can trigger a feeling of uncanniness when in-
teracting with the back-projected robot head Furhat [3] by
creating an ambiguity in the category of gender. While pre-
vious work was mainly focused on the appearance of the
robot, we chose to add mismatched vocal cues to the facial
texture, such as a female voice to the male face texture, be-
cause people rely strongly on auditory cues when judging a
character’s personality [11][18]. A large user study including
106 children between age 8 and 13 was conducted. Contrary
to the expectations, results show that the multimodal incon-
gruence does not trigger the feeling of uncanniness in chil-
dren. This finding supports other recent research showing
that the categorical ambiguity theory cannot fully explain
the uncanny valley effect [10][12].

A second focus of this paper is the children’s perception of
a robot’s gender. We found children to rely on auditory cues
much stronger than on facial texture when assigning a gen-
der to the robot when presented with incongruent cues. We
therefore conclude that it seems possible to vary the robot’s
gender by altering its voice without raising the feeling of
uncanniness when interacting with the robot.

The paper is organized as follows: After discussing rele-
vant related work and our research hypothesis (Section 2),
we describe the experiment design (Section 3), summarize
obtained results (Section 4) and end with an outline of how
our current work extends the work on perception of uncan-
niness and gender in robots (Section 5).

2. BACKGROUND

2.1 Related Work
When Masahiro Mori [20] first described the uncanny val-

ley, he suggested that increasing the human-likeness in a
robot might at some point cause a decrease in its likeabil-
ity. Much research has been carried out to determine what
causes such decrease and the robot to be perceived as un-
canny [5][13][15]. In the following, we consider the concep-
tual definition of uncanniness by Bartneck et al. [4][5] and
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Ho and MacDorman [9] as summarized by Kätsyri et al. [10].
Still, the underlying cause of the uncanny valley is contro-
versial. Some research suggest that uncanniness rises at any
category boundary where the ambiguity about the category
is high [8][19]. Kätsyri et al. [10] recently reviewed empiri-
cal studies on the effect of uncanniness and argued that they
support the perceptual mismatch and not the categorization
ambiguity theory as an explanation of the uncanny valley,
where perceptual mismatch refers to any mismatch in the
human-likeness perception of a character.

While previous work has mostly focused on categorization
ambiguties and perceptual mismatch in the appearance of
the robot, adding vocal cues seems promising as people rely
strongly on auditory cues when perceiving personality. The
voice changes the perception of human-likeness in virtual
agents [18] and reveals information about the speaker’s gen-
der, current mood, perceived attractiveness or dominance
[11]. Mower et al. [21] even showed that people pay more
attention to auditory cues when presented with conflicting
emotional cues between voice and facial expressions.

The perception of the uncanny valley in children has rarely
been investigated so far. Woods et al. [27] found that chil-
dren (age 9 – 11) assign a more negative Behavioral Intention
to images of human-like robots compared to those featuring
cartoon-like robots. Tinwell and Sloan [25] found children
(age 9 – 11) to perceive uncanniness in virtual agents similar
to adults, while Minato et al. [16] describes the perception
of uncanniness to be dependent on the children’s age, with
infants up to the age of 13 months showing more attrac-
tion than fear compared to children between three and five
years. In this work, we focus on children of age 8 and older,
as Borger et al. [7] found interviewing children under the age
of 8 to be difficult due to their cognitive development and
other measurement methods apart from interviews are cur-
rently not well explored in uncanny valley related research.

2.2 Hypothesis
In this paper, we investigate if the categorization ambigu-

ity between the category of male and female gender can rise
the feeling of uncanniness in children. As it has already been
shown that multimodal incongruent cues between voice and
face can cause an uncanny feeling in the dimension of realism
of a robot [17], we hypothesize that we can use multimodal
incongruent gender cues to push the robot to the border
in the dimension of gender and thereby create a feeling of
uncanniness:

Hypothesis: A robot with incongruent multimodal gen-
der cues is perceived as more uncanny than a robot with
congruent cues.

This hypothesis is based on the theory of categorization
ambiguity and with this paper we want to further investigate
its influence on the perceived uncanniness for the category
of gender, which has not been studied in this context so far.

3. METHOD
We conducted a between-subject experiment in which chil-

dren watched a two minute introduction of a robot with ei-
ther congruent or incongruent gender cues and answered a
questionnaire about their perception of the robot.

3.1 Participants
106 children between 8 and 13 years (with 90.57% of the

children ≥ 11 years) met the robot and handed in a valid

Figure 1: Furhat with the female texture to the left
and the male texture to the right.

cond. N female male other age

ff-fv 38 18 20 0 11.97 (0.21)

mf-mv 24 12 12 0 11.91 (0.22)

mf-fv 29 13 15 1 11.55 (0.18)

ff-mv 15 7 8 0 11.33 (0.35)

Table 1: Summary of participant’s demographics
per condition. Age is reported as average (standard
deviation).

questionnaire afterwards. As the allocation of the exper-
iment conditions was randomized and not all children de-
cided to take part in the survey, the amount of results per
condition varies (cf. Table 1). The questionnaires from 23
children were incomplete and excluded from the study.

3.2 Stimulus
To test our hypothesis we used the back-projected robot

head Furhat [3]. The head consists of a mask with the shape
of an adult face. In a previous study [22], we found the mask
to be perceived as very masculine and dominant if no face
texture was projected onto it. Even though the face texture
can be varied between male and female, the masculine shape
of the mask limits the ability to create a feminine robot.

In our experiment, one modality of gender was controlled
by varying the face texture. In an earlier online study [22],
we selected one male and one female FaceGen [2] model with
strong perceived femininity and masculinity. Even though
the perception of the projection differed from the perception
of the 2D image, participants mostly assigned the gender ac-
cording to the design intention to the robot and the projec-
tions differed significantly in terms of perceived femininity
and masculinity between the male (cf. Fig. 1 right) and
female texture (cf. Fig. 1 left).

The second modality of gender was controlled using the
robot’s voice. The commercial software CereProc [1] was
used as a human-like synthesizer with William as the male
and Sarah as the female version [22]. We used the Java-
based dialog framework IrisTK [24] to control the robot.
Both speech and animation behavior was fully pre-script.

3.3 Procedure
The experiment was conducted during SciFest, a three-

day science festival for children in Uppsala, Sweden. The
experiment space was separated from the other parts of the
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Figure 2: Distribution of assigned gender p. cond.

exhibition by curtains. Four kids could enter the experiment
space at the same time. Chairs were placed in two rows to
control for the horizontal and vertical space between the
children and the robot. Lightning in the venue was artificial
and remained the same throughout the whole experiment
time. The noise in the exhibition hall could not be controlled
and differed dependent on the crowdedness of the festival.

When the children entered the experiment space, the robot
head was still covered by a blanket. The experimenter in-
formed the children that they were going to meet a robot
which would give a short introduction about itself and that
they cannot interact with the robot directly. The experi-
menter then uncovered the robot and started the two-minute
multimodal introduction, in which the robot talked about it-
self using voice, facial expressions and head movement. Af-
ter the introduction, the experimenter invited the children to
answer some questions about their perception of the robot.
Participants received candy as a reward for answering the
questionnaire. However, the participation in the survey was
voluntary and not all kids who watched the robot interac-
tion decided to take part. For answering the survey the
children were brought to a separate table outside the exper-
iment space with no visual contact to the robot.

3.4 Independent Variables
As independent variables we selected gender of the face

texture and gender of the voice with the two levels male and
female each. They were combined into two congruent and
two incongruent conditions.
Congruent conditions: In the two congruent conditions
the female face texture was paired with the female voice
(condition ff-fv) and the male face was paired with the male
voice (mf-mv).
Incongruent gender: The female face was paired with the
male voice (ff-mv) and the male face was paired with the
female voice (mf-fv).

3.5 Dependent Variables
The post-questionnaire contains three demographic ques-

tions and 17 perception questions. All perception questions
except for the assignment of a gender are rated on a 5-point
Likert scale. In the first part of the questionnaire, the chil-
dren are presented with statements and indicate how much
they agree with the statement. The second part consists of
opposing traits in different dimensions, e.g., unintelligent vs.
intelligent, and the children indicate their impression on the
presented scales. As the children were non-native English
speakers, Swedish translations by a native Swedish speaker
are provided on the questionnaire.

The gender of the robot is covered by rating the perceived
masculinity and femininity of the robot on separate scales
and the perceived difficulty to assign a gender to the robot.
In addition, the kids are asked to explicitly assign a female,
male or neutral gender to the robot.

The measure of the robot’s perception is mostly based
on a shortened version of the Godspeed questionnaire by
Bartneck et al. [6], covering the anthropomorphism, likabil-
ity and intelligence of the robot. The questionnaire is com-
pleted by adding the dimensions of perceived familiarity and
strangeness [23], trustworthiness [14] and threat [26].

4. RESULTS
The answers obtained in the four different conditions were

tested for significance using One-way ANOVA with alpha
level of .05. To accommodate the unequal sample size, type
III sum of squares was used for calculations. The main re-
sults are summarized in Fig. 2 and Fig. 3.

In the congruent condition the robot with the male voice
and face texture is perceived as significantly more masculine
(M = 4.21, SD = 0.19) than the robot with the female voice
and face texture (M = 2.15, SD = 0.21), F (1, 60) = 45.8,
p < .001, and 87.5% children assigned a male gender to
the robot (cf. Fig. 2). The robot with the female voice
and female face texture was perceived as significantly more
feminine (M = 3.97, SD = 0.16) than the male version
(M = 1.46, SD = 0.2), F (1, 60) = 98.08, p < .001, but
the children reported it to be significantly more difficult to
assign a gender to the robot at the same time (M = 2.05,
SD = 0.17), F (1, 60) = 5.58, p = .021. Still, the vast
majority of the children assigned the female gender to the
robot (84.2%). The difficulty in assigning a gender is in
line with our previous work [22] and likely caused by the
subtle incongruence between Furhat’s masculine mask and
the female face texture. However, this does not affect the
overall rating of the congruent female robot and we even see
a small preference for this condition, as it is perceived as
more trustworthy (M = 4.05, SD = 0.16), F (1, 60) = 5.88,
p = .018. There are no significant differences for the other
dimensions, like perceived strangeness, F (1, 60) = 1.0, p =
.321, or pleasance, F (1, 60) = 0.96, p = .332, (cf. Fig. 3).

In the incongruent gender condition, the children found it
in general significantly more difficult to determine the gen-
der of the robot (M = 2.86, SD = 0.16), F (1, 104) = 25.85,
p < .001. Among the incongruent gender conditions, the
robot with the female voice and male face texture is per-
ceived significantly more feminine (M = 3.62, SD = 0.18)
than the robot with the male voice and the female face tex-
ture (M = 1.87, SD = 0.27), F (1, 42) = 30.02, p < .001,
but not less masculine (M = 2.93, SD = 0.19) than ff-mv
(M = 3.4, SD = 0.43), F (1, 42) = 1.35, p = .251. This
trend is also reflected in the assignment of the gender. For
the male voice and female texture, 66.67% assigned a male
gender, 13.33% a female gender and 20% a neutral gender.
In the condition with female voice and male texture, 51.72%
assigned a female gender, 10.34% a male gender and 37.93%
a neutral gender (cf. Fig. 2). In the incongruent gender
condition, we do not see any significant difference in terms
of perception between the versions. Except for the rating of
masculinity and femininity we did not find significant dif-
ferences in the perception between the congruent condition
and the incongruent gender condition.
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Figure 3: Differences in the 5-point Likert scale questionnaire response per condition (means and standard
errors). Significant differences in One-way ANOVA are indicated by * (p < .05), ** (p < .01), *** (p < .001)

5. DISCUSSION
Although we see that the assigned gender and perceived

masculinity and femininity differ significantly between the
congruent and incongruent robot designs, we did not find
significant difference in perception of uncanniness between
the conditions. Contrary to what hypothesized, our findings
show that changing the gender by only using the voice does
not trigger a feeling of uncanniness in children, even if the
appearance of the robot shows opposing gender cues. To in-
vestigate if the findings are related to the specific age group
in this study, future research comparing the results to the
responses of teenagers and adults is necessary.

Our findings support other recent research which states
that the categorical ambiguity theory cannot fully explain the
uncanny valley effect [10][12]. While the related work mostly
focused on the dimension of human-likeness, our results can
expand previous work questioning the influence of categori-
cal ambiguity by showing that the findings are transferable
to the dimension of gender.

If confronted with incongruent gender cues in the Furhat
robot, children tend to rely more on the auditory cues than
on the facial cues when judging the overall gender of the
robot, which is in line with similar findings by Mower et al.
[21] using emotional cues. This is most clearly visible for
the female texture and male voice, where more than 60% of
the children assigned a male gender to the robot. This high
number might be influenced by the subtle incongruence in
the facial cues as the shape of the face is masculine [22].
However, we see the same trend for the male texture and
the female voice, where still about 50% of children assign a
female and only about 10% assign a male gender.

We consider these results to be very useful for the up-
coming research on back-projected robot heads as it gives
confidence that we can assign a gender to the robot by al-
tering the voice even though the mask might communicate
different gender cues. It seems possible that this result can
even be transferred to other robot embodiments, as the find-

ing is in line with previous research on virtual agents [21],
where the facial cues are even better visible compared to
the robot’s back-projection. However, we acknowledge that
the facial dynamics in Furhat is different to a virtual char-
acter, so research with different embodiments is necessary
to gain more confidence about the transferability. Besides
the specific appearance, this study was also limited to the
choice of a specific voice synthesizer. To clarify the influence
of this synthesizer on the results, another study comparing
different synthesizers is needed.

6. CONCLUSION
This paper investigated the effect of multimodal gender

incongruence on the perception of a robot’s uncanniness
and gender in children. The back-projected robot platform
Furhat was used to alter vocal and facial cues in two congru-
ent and incongruent conditions. We found that multimodal
incongruence does not trigger a feeling of uncanniness, which
supports other research claiming the categorical ambiguity
theory cannot fully explain the uncanny valley effect. Chil-
dren were found to rely on the vocal cues much stronger than
on the facial cues when assigning a gender to a robot. As
the perception of uncanniness is not influenced by a gender
mismatch between auditory and facial cues, we argue that
it seems possible to alter the gender of a robot by changing
the voice without being perceived as uncanny in children.
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