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ABSTRACT
To get a better understanding of people’s natural responses to hu-
manlike robots outside the lab, we analyzed commentary on online
videos depicting robots of different humanlikeness and gender. We
built on previous work, which compared online video commentary
of moderately and highly humanlike robots with respect to valence,
uncanny valley, threats, and objectification. Additionally, we took
into account the robot’s gender, its appearance, its societal impact,
the attribution of mental states, and how people attribute human
stereotypes to robots. The results are mostly in line with previous
work. Overall, the findings indicate that moderately humanlike
robot design may be preferable over highly humanlike robot design
because it is less associated with negative attitudes and percep-
tions. Robot designers should therefore be cautious when designing
highly humanlike and gendered robots.

CCS CONCEPTS
• Human-centered computing → User studies; Social media; •
Computer systems organization → Robotics.
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1 INTRODUCTION
Robots are expanding from industrial settings to more social en-
vironments in which they engage and interact with people, like
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smart homes [34], museums [40], education [4, 31], and healthcare
[5, 11]. These social robots have become increasingly humanlike
in appearance as well as behavioral and cognitive characteristics
[16]. Anthropomorphic robot design is generally considered to be
the optimal strategy for integrating robots into social settings be-
cause it can facilitate human-robot interaction [12, 16]. However,
humanlike robot design can also elicit negative responses from the
general public as displayed in online comments on YouTube videos
[42]. Hence, considering the development of more humanlike and
gendered robot design, it is important to consider the effects such
design has on people’s perception [12]. As social robots are em-
ployed in settings in which they interact with people, not only their
technical abilities are important but the perceptions and feelings
they elicit are also relevant as these can affect people’s responses to
and acceptance of robots. Rather than focusing on a small sample of
people’s responses to specific humanlike robot behaviors or designs
in an experimental setting (e.g. [6, 48, 49]), we are interested in the
responses to and acceptance of robots in the online community
(e.g. [42]).

Partially replicating the work of Strait et al. [42], we will investi-
gate commentary on online videos depicting robots with different
levels of humanlikeness. Strait et al. [42] compared people’s atti-
tude to and perceptions of moderately (“mechanomorphic”) and
highly humanlike robots by measuring the valence of comments (i.e.
positive or negative response or attitude) and the frequency of refer-
ences to the uncanny valley, replacement fear, technology takeover
fear, and objectification of robots in online comments to YouTube
videos. Their results showed that people responded more negatively
to highly humanlike robots than mechanomorphic robots and that
valley-related references occurred more frequently in response to
highly humanlike robots. The frequencies at which people referred
to both fears were not affected by the robot’s humanlikeness [42].
They also found that people objectified highly humanlike robots
more frequently than their less humanlike counterparts (defined in
[42] as “explicit references to the performance of sexual acts on or
by the robot”). For both the less and more humanlike robot types,
female gendered robots received significantly more sexualizing
comments than male or neutral gendered robots [42]. The present
study aims to extend the work of Strait et al. [42]. In addition to
humanlikeness, we investigate how gendered robots are perceived
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by the online public and how robot gender relates to humanlike-
ness. We also expand on the number and type of measures, adding 
measures such as cuteness, sexism, and personifcation. 

In this paper, we report on our study into the diferences of the 
public’s attitude to and perceptions of robots with moderate and 
high levels of humanlikeness as expressed in online commentary. 
For highly humanlike robots, we diferentiate between male and 
female gendered robots. In addition to the valence of comments 
and the other measures studied by Strait et al. [42], we investigate 
people’s perceptions related to the robot’s appearance, societal 
impact, mental states, and stereotypes. To study this, we analyze 
commentary on online videos that depict humanlike, social robots, 
largely based on the method of Strait et al. [42]. This enables the 
study of the public’s reception of several robot types and provides 
information on people’s unfltered reactions to robots. The analysis 
of online content, due to its informality and anonymity, ofers 
insights into people’s natural, unedited, and free-form responses 
(as opposed to more fxed or thought-out responses gathered in 
interviews or surveys). As such, this study aims to contribute to a 
better understanding of people’s reactions to robots which could 
lead to more comprehensive considerations for robot design. 

2 RELATED WORK 

2.1 Levels of Humanlikeness 
There are several degrees of humanlike robot design, which can 
have diferent efects on people. While studies defne these levels 
diferently, three categories can generally be distinguished. Robots 
vary from no or low human similarity (machinelike, mechanomor-
phic, non-biomimetic), to moderate human similarity (humanoid), 
to high human similarity (android), see Figure 1, [15, 17, 27]. Hu-
manoids imitate human appearance (e.g. facial cues, body shape) 
or behavioral or cognitive abilities (e.g. human language, display 
of emotions) but maintain an overall mechanical look, whereas 
androids are near exact copies of humans in terms of appearance 
and abilities (e.g. gaze, intonation, facial movements) [15, 26]. Hu-
manoids and androids are therefore, respectively, referred to as 
moderately and highly humanlike robots in this study. As part of 
humanlike robot design, robot gender and race are often manip-
ulated. Highly humanlike robots are generally designed to have 
a clear gender and race, while moderately humanlike robots are 
often designed with a more neutral or ambiguous gender and race, 
as can be seen in Figure 1. 

Figure 1: Robots varying in humanlikeness. From left to 
right: machinelike robot (YuMi), moderately humanlike ro-
bot or humanoid (NAO), and highly humanlike robot or an-
droid (Geminoid F), images taken from [41]. 

2.2 Efects of Humanlikeness 
2.2.1 Positive and Negative Efects. The development of humanlike 
robots is supported by a large empirical base which shows that 
humanlike robots have a more positive efect on the human-robot 
interaction than machinelike robots. Including humanlike cues in 
robot design can provide more natural and efective social interac-
tions compared to machinelike robots [12, 14]. Humanlikeness can 
stimulate empathy towards, acceptance of, and conversations with 
robots [1, 23, 37], and has demonstrated positive efects in various 
contexts, such as healthcare and education [4, 5, 16]. A possible 
explanation for the preference for humanlike robots is that the 
familiar appearance makes it easier for users to interpret the robot 
behavior [29, 39]. This empirical and theoretical evidence of the 
advantages of anthropomorphic robot design may have stimulated 
the development and use of (increasingly) humanlike robots. 

While humanlike robots may result in better interactions than 
machinelike robots, there are also possible drawbacks. For instance, 
a very humanlike appearance can cause the expectation that the 
robot follows human social norms and expectations, so when the 
robot is unable to follow these, this can negatively afect the in-
teraction [45]. A study by Złotowski et al. [49] found that highly 
humanlike robots were perceived as less trustworthy and empathic 
than robots that were less humanlike and concluded that moder-
ately humanlike robots may be more suitable as companions. These 
fndings show that not only machinelike and humanlike robots have 
diferent efects on people, but diferent degrees of humanlikeness 
can have diferent efects as well. 

2.2.2 Uncanny Valley. Another known efect of humanlike robot 
design is an uncanny appearance. This is also called the “Uncanny 
Valley Efect” [30]. For example, robots that were more humanlike 
were perceived more negatively [25, 42], as less trustworthy [28], 
and were avoided more [43] compared to less humanlike robots. 
Consistent with the uncanny valley phenomenon, Strait et al. [42] 
found that responses to highly humanlike robots were signifcantly 
less positive and contained signifcantly more uncanny valley-
related references than those to moderately humanlike robots. 

2.2.3 Perceived Threats. Humanlikeness in robots has been asso-
ciated with the perception of negative societal impact and threat. 
Ferrari et al. [15] found that androids elicited most concerns about 
potential damage by robots, followed by humanoids and mechanical 
robots, respectively. A study by Yogeeswaran et al. [48] indicated 
that people perceived very humanlike robots as more threatening 
than less humanlike robots when they were informed that these 
robots could outperform humans on several mental and physical 
tasks. However, when people were not informed of the robots’ abil-
ity to outperform humans, no signifcant diference in perceived 
threats was found between the two robot types [48]. Threats in 
this study referred to threats to jobs, resources, safety, and human 
identity. A similar study [50] found that autonomous robots evoked 
more of these same threats compared to non-autonomous robots. 
The perception of threats was found to mediate the attitude toward 
robots, with autonomous robots eliciting more negative attitudes 
than non-autonomous robots. Strait et al. [42] studied people’s “fear 
of replacement (in their jobs, identity, etc.)” due to robots and fear 
of a technology takeover: “fear of robots becoming sentient and 
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rebelling against humanity”. They did not fnd diferences in the 
frequencies of people’s references to these fears between less and 
more humanlike robots. Strait et al. [42] also did not fnd a corre-
lation between negative attitudes to robots and the frequency of 
references to fear of replacement, but there was a moderate correla-
tion between negative attitudes and the frequency of references to 
robots posing a takeover threat. Overall, the inconsistent fndings 
on the relationship between humanlikeness and perceived threats 
indicate that further investigation is required. 

2.2.4 Atribution of Mental States. Humanlike appearance also 
afects the attribution of mental states to robots. Several studies 
indicate that the more humanlike the robot, the more likely it is 
attributed mental states. Ferrari et al. [15] found that people at-
tributed mind experience capacities (e.g. feeling pain and joy) the 
most to androids, then humanoids, and then mechanical robots. 
They also found that people attributed mind agency capacities 
(e.g. self-control, morality) more to androids and humanoids than 
mechanical robots. Martini et al. [27] varied the humanlike appear-
ance of an agent on a spectrum from mechanistic to humanoid to 
human and found that humanlike appearance had a direct relation-
ship with the perception of mental states. The more humanlike the 
agent’s appearance, the more likely it was attributed mental states. 
It is relevant to note that Martini et al. [27] found a two-linear 
relationship; changes in humanlike appearance had little efect on 
mind and mental states attribution until a certain threshold was 
reached, after which attribution increased substantially. This thresh-
old occurred when the anthropomorphic appearance reached the 
humanoid level. 

2.2.5 Gender. One of the humanlike features often manipulated 
is robot gender. Highly humanlike robots are clearly gendered, 
whereas moderately humanlike robots often have a neutral or am-
biguous gender, or their gender is adjustable by manipulating cer-
tain cues like voice or name. 

There is some evidence that robot gender is associated with un-
canniness. Tinwell et al. [46] found that male virtual humanlike 
characters were perceived as signifcantly more uncanny than fe-
male characters. However, Paetzel et al. [33] did not fnd signifcant 
diferences in uncanniness between male and female robot heads 
but found that incongruent gender cues afected uncanniness. 

The attribution of gender to robots can have negative efects. 
Several studies warned that gendering robots can reinforce and 
validate gender norms for humans which can perpetuate social 
inequalities [6, 13]. Another concern is that gendered agents can 
be susceptible to abuse by people. Brahnam and De Angeli [8] 
found that people attributed negative stereotypes more frequently 
to female chatbots and that they were more frequently subjects of 
abuse, sexual attention, and curse words than male chatbots. Strait 
et al. [42] found that people objectifed highly humanlike robots 
more frequently than moderately humanlike robots and that people 
were selective in their objectifcation. Female robots received signif-
icantly more dehumanizing and sexualizing comments than male 
and neutral gendered robots. These fndings suggest a discrepancy 
between what designers intend with gendered robots and people’s 
responses to them, especially for female gendered robots. 

2.2.6 Race. Another humanlike cue that robot designers can ma-
nipulate is race. By adjusting the robot’s color and appearance, 
designers can attribute race to the robot. Bartneck et al. [3] found 
that people perceived white and black colored robots as racialized 
white and black, respectively, and people applied human racial 
stereotypes to these racialized robots. Brahnam and De Angeli 
[8] found that people made racial insults to racialized chatbots,
with black chatbots receiving most racial references and insults
compared to other chatbots. As highly humanlike robots are de-
signed to closely resemble humans, they are generally racialized,
for example there is an Asian (Geminoid F), Caucasian (Geminoid
DK), and black (Bina48) android. Moderately humanlike robots are
less clearly racialized but some have a white color so they may be
perceived as being white [3]. It could be benefcial to study this
relation between humanlikeness and the extension of human racial
stereotypes to robots as this could have implications for design.

2.3 Research Objective 
We aim to study the diferences in the public’s attitude to and per-
ceptions of robots in relation to their humanlikeness (moderate and 
high) and gender (male and female robots of high humanlikeness) in 
online commentary. We only consider the gender of highly human-
like robots since moderately humanlike robots are generally not 
attributed a clear gender. In particular, we study people’s attitude 
to robots, their perceptions of robots’ appearance, societal impact 
and mental states, and their stereotypes. Overall, expanding on the 
work of Strait et al. [42], this study aims to contribute to a better 
understanding of the efects of humanlike robot design and may 
provide new design considerations. 

We formulate the following hypotheses based on the described 
related works: 

H1 People more frequently express a negative attitude to highly
humanlike robots than moderately humanlike robots. 

H2 Highly humanlike robots are more likely to be perceived
as uncanny than moderately humanlike robots. 

H3 Male highly humanlike robots are more likely to be per-
ceived as uncanny than female highly humanlike robots. 

H4 Highly humanlike robots are more likely to be perceived
as posing threats than moderately humanlike robots. 

H5 Highly humanlike robots are more likely to be attributed
mental states than moderately humanlike robots. 

H6 Highly humanlike robots are more likely to be subject to
sexualization and sexism than moderately humanlike robots. 

H7 Female highly humanlike robots are more likely to be sub-
ject to sexualization and sexism than male highly humanlike 
robots. 

H8 Highly humanlike robots are more likely to be subject to
racism than moderately humanlike robots. 

3 METHOD 
We conducted a study to analyze commentary on videos depicting 
social robots ranging in humanlikeness (moderately and highly 
humanlike) and gender (male and female robots of high human-
likeness). To study the online community’s views of social robots, 
we analyzed comments to videos on the popular video-sharing 
platform, YouTube. 
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3.1 Materials 
To gather a set of videos with comments of ten moderately human-
like robots and ten highly humanlike robots, of which fve males 
and fve females, we conducted an exploratory search for YouTube 
videos of 30 diferent robots. These robots were chosen a priori, 
based on robots used in Strait et al. [42] as well as in other studies 
into the efects of anthropomorphic or gender cues [15, 32, 44]. 

To gather the videos, we used the same method as Strait et al. 
[42]. All videos were obtained on April 27, 2020 via a YouTube 
query using the keywords: [robot name] + “robot”. For each query, 
the video with the top view count was selected. To avoid confusion 
the videos should only feature one robot and to limit diferences 
between videos we ensured that they had a similar content and 
framing. To this end, we selected videos which showed a demonstra-
tion or explanation of the robot and its abilities, such as promotional 
videos, and excluded videos with an explicitly negative content or 
title (e.g. “Freaky AI robot”). If the video with top view count did 
not meet the criteria, we continued in descending order until one 
was found. Three robots were discarded since all videos of them 
were biased or contained multiple robots. This resulted in 27 videos 
which showed a neutral or positive framing of the robots. 

An addition to the method of Strait et al. [42] is that we excluded 
three robots from our set which had an ambiguous degree of hu-
manlikeness. An example is HRP-4C, which has an android face but 
a mechanical body and is categorized as android in one study [42] 
and as biped humanoid in another [19]. To further ensure that the 
videos were comparable, the 24 preliminary videos were fltered 
based on the number of comments, excluding videos with less than 
70 comments (a threshold of 50 comments was used by Strait et al. 
[42]). This resulted in ten videos of moderately humanlike robots 
and ten videos of highly humanlike robots, of which fve were male 
and fve were female. The fnal set of videos difered from Strait 
et al. [42] in that it contained 20 robots (shown in Table 1) instead 
of 24, included two new robots (Justin and Actroid F), and had 
diferent videos for fve robots (e.g. Nexi MDS). The robots with 
video metrics and YouTube links can be found in the supplementary 
materials. 

Table 1: The robots used in this study. 

Robot type Robot 

Moderately humanlike Asimo, Baxter, HRP-4, 
iCub, Justin, Kojiro, NAO, 
Nexi MDS, Pepper, Twendy One 

Male highly humanlike Geminoid DK, Geminoid HI, 
Han, Jules, Philip K. Dick 

Female highly humanlike Actroid F, Bina48, Geminoid F, 
Nadine, Showa Hanako 

3.2 Data Acquisition 
For each video, the link to the video, the number of views, com-
ments, likes, and dislikes, upload date, and all comments were re-
trieved on May 01, 2020. A total of 14,225 comments were collected. 
We adopted the following exclusion criteria from Strait et al. [42] 

to standardize the dataset. Comments which were not written in 
English or were non-independent, such as replies or threads, were 
excluded. Comments unrelated to the video content or robots (e.g. 
one comment on Justin’s video stated: “Yep, Youtube algorithm is 
doing it’s thing again...” and on several videos people commented: 
“Will it blend?” in reference to a viral marketing campaign) and in-
decipherable comments (e.g. on Justin’s video someone commented: 
“gg y”) were excluded. To achieve a larger and diferent sample set 
than used by Strait et al. [42], which contained the top 50 comments 
per video, we collected all comments of videos with less than 100 
comments (six videos) and randomly selected 100 comments of 
each of the remaining videos. This resulted in the fnal dataset of 
1,788 comments. 

3.3 Video Metrics 
We tested for diferences in video metrics, specifcally the num-
ber of views/(dis)likes/comments, ratio of (dis)likes/comments per 
views, and age of the video (see supplementary materials), between 
moderately humanlike robots and highly humanlike robots as well 
as between male and female robots. Independent samples t-tests 
(� = .05) for each video metric showed no signifcant diferences, 
suggesting that these video metrics were not confounding factors 
in the analysis. 

3.4 Coding Procedure 
To test the hypotheses, the comments were coded on valence (either 
positive, negative, or neutral) and the presence of topics related 
to appearance, societal impact, mental states, and stereotypes (ei-
ther present or not). Table 2 shows an overview of the measures 
that were coded on and their coding criteria. First, we created pre-
liminary topics and measures based on defnitions and measures 
used in previous studies. The valence topic as well as the uncanny 
appearance measure were based on Strait et al. [42]. The threat 
measures within the societal impact category were based on def-
nitions of threats of Yogeeswaran et al. [48] and the replacement 
and takeover hypotheses of Strait et al. [42]. The three levels of 
mental states (perception, processing, and agency) were derived 
from Blackmore’s [7] model of consciousness and the defnitions 
of mind experience and mind agency abilities of Ferrari et al. [15]. 
The sexualization measure within the stereotypes topic was based 
on fndings of Strait et al. [42] and Brahnam and De Angeli [8] and 
the racism measure on fndings of Bartneck et al. [3] and Brahnam 
and De Angeli [8]. 

These preliminary topics and measures were used as a rough 
coding scheme to interpret pilot data, consisting of the top 30 com-
ments of ten randomly selected videos, in order to add and refne 
measures. During this process we added measures based on themes 
that were frequently observed. We added the cute, humanlike, nice, 
and unappealing appearance measures. In addition, two types of 
positive societal impact measures were added, namely application 
and social companion. Lastly, we included the sexism measure. 

Three independent annotators then coded a test set of 100 com-
ments using the updated coding manual. These comments were 
semi-randomly selected to ensure that all measures were present. 
Afterwards, they discussed disagreements and questions. Based on 
their suggestions we adapted the coding manual to resolve found 
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issues and unclarities and added the personifcation and objectifca-
tion measures as exploratory topics, using the operationalizations 
of Purington et al. [36], so that objectifcation refers to the descrip-
tion of the robot as an object (note that Strait et al. [42] use the 
term “objectifcation” for references of a sexual nature). 

The fnalized coding manual (see supplementary materials) was 
then used by the three annotators to code the dataset of 1,788 
comments. Due to time constraints, one annotator coded the full 
dataset while the other annotators coded a third and two thirds of 
the data. Each comment was coded by two annotators. 

Table 2: All measures grouped together per topic, includ-
ing explanations for coding. Measures without marks were 
based on literature, measures marked * were based on obser-
vations in pilot data, and exploratory measures marked ** 
were suggested by annotators. Details on the coding process 
can be found in the supplementary materials. 

Coding term Measure Explanation 

      

Valence Positive Positive remarks 
or 
Negative 
or 
Neutral 

about the robot(s) 
Negative remarks 
about the robot(s) 
Neutral remarks or no 
judgement about the 
robot(s) 

Appearance Uncanny 
Cute* 
Humanlike* 
Nice* 
Unappealing* 

Uncanny, creepy, freaky 
Cute, friendly, sweet 
Human, lifelike 
Nice, cool, good 
Unappealing, ugly, stupid 

Societal 
impact 

Identity threat 

Job threat 

Humanity threat 

Threat to human 
identity, uniqueness 
Threat to human jobs, 
employment or income 
Threat to humanity or 
the safety or independence 
of individuals 

Application* 
Social 

Useful functions, abilities 
Social functions 

companion* 

Mental states Perception 
Processing 

Able to perceive 
Able to think, feel, 
remember 

Agency Has a will, can make 
decisions 

Absence of 
states 

Is like an object 

Stereotypes Sexualization 
Sexism* 

Sexual remarks 
Sexist remarks 

Racism Racist remarks 

Personifcation Personifcation** 
Objectifcation**

Use of he, she or name 
Use of it or thing

4 RESULTS 

4.1 Inter-coder Reliability 
We determined the inter-coder reliability between the three anno-
tators for each measure using Krippendorf’s alpha [21]. Table 3 
shows the value of each measure, with seven out of 20 with good 
reliability (� ≥ 0.800) and one (racism) with sufcient reliabil-
ity (� ≥ 0.667) [21]. The measures with sufcient reliability were 
used in data analysis: valence, uncanny, cute, job threat, humanity 
threat, sexualization, sexism, and racism. The other measures were 
discarded due to insufcient reliability. Hence, H5 was discarded 
from further analysis. The data of the annotator who coded the full 
dataset was used in the subsequent data analysis. 

Table 3: Inter-coder reliability of the measures, using Krip-
pendorf’s alpha [21]. Measures in bold are considered reli-
able. 

Measure � Measure � 

Valence 0.85 Social companion 0.54 

Application 0.36 Objectifcation 0.19 

Uncanny 
Cute 

0.82 
0.91 

Perception 
Processing 

0.25 
0.41 

Humanlike 0.65 Agency 0.25 
Nice 0.47 Absence of states 0.64 
Unappealing 0.62 Sexualization 0.90 
Identity threat 0.55 Sexism 0.81 
Job threat 0.83 Racism 0.73 
Humanity threat 0.84 Personifcation 0.59 

4.2 Valence 
To test for diferences between people’s attitude (comment valence) 
to robots varying in humanlikeness and gender, we performed chi-
square linear-by-linear association tests (instead of Cramer’s V, due 
to the dichotomous nature of valence). There was a linear asso-
ciation 2 between humanlikeness and valence,  � linear-by-linear 
association = 46.6, df = 1, p = <.001. Comments to highly human-
like robots were signifcantly more often negative compared with 
comments to moderately humanlike robots (in line with H1). No 
signifcant association was found between the valence of comments 
and robot gender, 2  � linear-by-linear association = 0.1, df = 1, p = 
.79. Results of the chi-square linear-by-linear association tests can 
be seen in Table 4 and the percentage of comments per robot type 
with a certain valence in Figure 2. 

4.3 Topics 
We conducted chi-square tests of independence to examine the 
relationships between humanlikeness and the coded topics as well 
as the relationships between robot gender and the topics. Table 5 
shows the results. For the two cases in which the assumption for 
the chi-square test was not met, Fisher’s exact test was used. The 
percentages in this section and in Figure 3 indicate the percentages 
of comments that refer to a particular topic per robot type. 
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Table 4: Associations between humanlikeness or robot gen-
der and comment valence, using chi-square linear-by-linear 
association tests, df = 1. *p = <.001, **p = <.005, ***p = <.05, 
no mark: p = >.05. 

Independent variable N Linear-by-linear association 

Robot gender 863 0.1 
Humanlikeness 1788 46.6* 
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Figure 2: Percentage of comments with negative, neutral, 
and positive valence in response to moderately and highly 
humanlike robots (left) and male and female highly human-
like robots (right). 

4.3.1 Appearance. The chi-square test of independence showed 
that there was a signifcant relationship between humanlikeness 
and uncanny appearance, �2 (1, 1788) = 100.3, p = <.001, � = 0.24. 
Highly humanlike robots (27.2%) were more frequently referred 
to as uncanny than moderately humanlike robots (9.1%) (in line 
with H2). In contrast, moderately humanlike robots (8.3%) were 
more often referred to as cute than highly humanlike robots (1.3%). 
This association was signifcant, �2 (1, 1788) = 47.4, p = <.001, � = 
-0.16. The efect size, � , of humanlikeness on the presence of both 
uncanny and cute references was small. There was no signifcant 
relationship between robot gender and uncanny appearance (in 
contrast to H3), �2 (1, 863) = 0.003, p = .96, nor between robot 
gender and cute appearance, �2 (1, 863) = 3.2, p = .08. 

4.3.2 Societal Impact. A signifcant relationship was found be-
tween humanlikeness and perceived threats, but the efect size was 
small. Moderately humanlike robots (3.6%) were more likely to be 
perceived as posing a threat to human jobs than highly humanlike 
robots (1.2%), �2 (1, 1788) = 11.0, p = .001, � = -0.08. Moderately 
humanlike robots (14.9%) were also more likely to be perceived 
as a threat to safety and humanity than highly humanlike ones 
(7.5%), �2 (1, 1788) = 24.2, p = <.001, � = -0.12. These two results do 
not align with H4. No signifcant relationship was found between 
robot gender and humanity threat, �2 (1, 863) = 0.3, p = .60. Using 
Fisher’s exact test, no signifcant association was found between 
robot gender and job threat, p = .36. 

4.3.3 Stereotypes. Highly humanlike robots received signifcantly 
more sexual remarks, �2 (1, 1788) = 84.6, p = <.001, � = 0.22, and 

sexist remarks, 2  � (1, 1788) = 9.9, p = .002, � = 0.07, than mod-
erately humanlike robots (in line with H6). However, the efect 
sizes were small. 19.4% of comments addressed to highly human-
like robots relative to 5.2% of comments to moderately humanlike 
robots contained sexual themes and 2.7% of comments addressed 
to highly humanlike robots relative to 0.8% of comments to moder-
ately humanlike robots contained sexist themes. Within the highly 
humanlike robot group, female robots (31%) were signifcantly more 
likely to be sexualized than male robots (5.8%), 2  � (1, 863) = 87.2, p = 
<.001, � = 0.32. Likewise, female robots (4.5%) received signifcantly 
more sexist remarks compared 2 to male robots (0.5%),  � (1, 863) = 
13.3, p = <.001, � = 0.12. This aligns with H7. The efect size of robot 
gender on the frequency of sexual remarks was medium and the 
efect size on sexist remarks was small. The relationship between 
humanlikeness and references to 2  racism was not signifcant,  � (1, 
1866) = 0.2, p = .69 (rejecting H8). The relationship between robot 
gender and references to racism was also not found to be signifcant 
using Fisher’s exact test, p = .71. 

Table 5: Relationships between humanlikeness (N = 1788) 
or robot gender (N = 863) and the topics, using chi-square 
tests of independence, df = 1. Empty cells indicate the use of 
Fisher’s exact test as the chi-square test was not appropriate. 
For 2 � : *p = <.001, **p = <.005, ***p = <.05, no mark: p = >.05. 

Humanlikeness Robot gender 

Topic Pearson Efect 
�2 size � 

Pearson Efect 
�2 size � 

Uncanny 100.3* 0.24 0.003 0.002 
Cute 47.4* -0.16 3.2 -0.06 
Job threat 11.0** -0.08 
Humanity 24.2* -0.12 0.3 -0.02 
threat 
Sexualization 84.6* 0.22 87.2* 0.32 
Sexism 9.9** 0.07 13.3* 0.12 
Racism 0.2 0.01 
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Figure 3: Percentage of comments that refers to a topic in 
response to moderately and highly humanlike robots (split 
by gender). Note that the y-axes difer per topic. 

4.4 Associations between Valence and Topic 
We tested for associations between people’s attitude (comment 
valence) and references to the coded topics, irrespective of human-
likeness. These are additional fndings and do not directly relate to 
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the hypotheses. Chi-square linear-by-linear association tests were 
performed to determine whether there was an association between 
the valence of a comment and its topic (instead of Cramer’s V, due 
to the dichotomous nature of valence). Associations with positive 
valence were found for references to cute appearance and sexualiza-
tion. Associations with negative valence were found for references 
to uncanniness, job threat, humanity threat, and racism. No signif-
cant association between sexist comments and valence was found. 
Associations and p-values are reported in Table 6. Figure 4 shows 
the percentage of comments referring to the coded topics with a 
certain valence. 

Table 6: Associations between valence and the topics, using 
chi-square linear-by-linear association tests, df = 1, N = 1788. 
*p = <.001, **p = <.005, ***p = <.05, no mark: p = >.05. 

Topic Linear-by-linear association 

Uncanny 272.6* 
Cute 79.5* 
Job threat 15.1* 
Humanity threat 239.9* 
Sexualization 86.4* 
Sexism 1.3 
Racism 7.3*** 
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Figure 4: Percentage of negative, neutral, and positive com-
ments per topic. 

5 DISCUSSION 

5.1 Summary of Findings 
5.1.1 Valence. The results showed that the response of the on-
line community was signifcantly more often negative to videos 
of highly humanlike robots compared to moderately humanlike 
robots, which supports H1 and is in line with Strait et al. [42]. 

5.1.2 Appearance. Consistent with literature on the uncanny val-
ley (e.g. [25, 30, 42]), highly humanlike robots were signifcantly 
more likely to be perceived as uncanny than moderately humanlike 
robots, which afrms H2. Figure 3 shows that uncanniness was 
the most frequently referenced topic (from the measured topics) 
in response to highly humanlike robots. Moreover, there was an 
association between comments containing references to uncan-
niness and negative comment valence, indicating that perceived 
uncanniness is associated with a negative attitude toward the robot. 

These fndings emphasize the importance of taking the uncanny 
valley into account in the design of humanlike robots. While highly 
humanlike robots were more frequently perceived as uncanny, mod-
erately humanlike robots were more frequently seen as having a 
cute appearance. This cute appearance might be due to some de-
signers’ deliberate design of humanoid robots to look childlike and 
cute as this can turn on users’ baby schema and elicit afective 
relationships [9, 10]. Previous studies on the relationship between 
uncanniness and robot gender showed varied fndings, ranging 
from male virtual characters being perceived as more uncanny than 
female ones [46] to no signifcant diference between male and 
female robots in perceived uncanniness [33]. Our results are in line 
with the latter. We found no relationship between robot gender and 
uncanny appearance, so we could not confrm H3. 

5.1.3 Societal Impact. We found a signifcant relationship between 
humanlikeness and perceived threats. In contrast to H4, however, 
we found that the online community more frequently perceived 
moderately humanlike robots, rather than highly humanlike robots, 
as posing a threat to jobs and humanity. Moreover, as shown by 
Figure 3, threat to humanity was the most prevalent topic (from the 
measured topics) in comments responding to moderately humanlike 
robots. The association between references to robots threatening 
jobs and safety and negative comment valence suggests that the 
perception of threats is associated with a negative attitude to robots. 
Our results contrast with previous studies which found that more 
humanlike robots are perceived as more threatening than less hu-
manlike robots [15, 48] and with Strait et al. [42] who found no 
association. These conficting results may be due to the use of difer-
ent methodologies, but they may also indicate that the relationship 
between humanlikeness and perceived threats is highly complex. It 
is possible that dispositional or contextual factors, such as the way 
robots were portrayed in the videos, infuence perceived threat. 

5.1.4 Stereotypes. Comments addressed to highly humanlike robots 
were more likely to be of sexual and sexist nature than those to 
moderately humanlike robots, which supports H6. Interestingly, 
sexual remarks were associated with positive valence, indicating 
that the sexualization of robots is associated with a positive attitude 
toward them. Female highly humanlike robots were signifcantly 
more likely to be subject to sexualization and sexism than male 
highly humanlike robots. This confrms H7. These results are in 
line with Strait et al. [42]. Nearly a third of comments on videos 
featuring female highly humanlike robots were sexual in nature, 
exceeding the occurrence of all other topics. The extent to which 
sexualization of female gendered robots was observed in this study 
as well as in prior studies [8, 42], reveals a major concern related 
to gendering robots female. These fndings indicate a dissonance 
between designers’ intentions of female gendered robots and peo-
ple’s responses to them and they emphasize the need for attention 
to gender-based stereotyping and sexualization of robots. 

No signifcant relationships between humanlikeness or robot 
gender and racist remarks were found (rejecting H8). Neverthe-
less, we found an association between racist remarks and comment 
valence, suggesting that racist remarks are associated with a neg-
ative attitude to robots. It is important to note that the fndings 
on racism are tentative due to the moderate inter-coder reliability. 
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While several signifcant diferences were found between mod-
erately humanlike and highly humanlike robots, few diferences 
were found between male and female highly humanlike robots aside 
from the relationship between gender and sexualization and sexism. 

Overall, the results showed a mixed response to both moderately 
and highly humanlike robots, with 48.7% of all comments being 
positive and 45.5% negative. One explanation for the divided at-
titudes to robots is ofered by Giger et al. [16]. Humanlike social 
robots are not fully implemented yet but are in the anticipation 
stage. Research has shown that in this stage anticipated emotions 
and motivational states are strong factors of the evaluation of tech-
nologies and the intention to use them [35]. Because we are in 
the anticipation stage not everyone has had extensive interactions 
with robots. So, their evaluation and motivation are based less on 
experience and more on other available information on robots, such 
as news or popular culture, in which robots are often depicted as 
either incredible tools and agents or potential threats to human 
jobs, safety, and well-being [2, 35, 38, 47]. The combination of a lack 
of direct interactions with robots and conficting representation 
of robots in the media could explain people’s mixed attitudes to 
robots and frequent expression of fears of robots taking over in 
online commentary. 

5.2 Limitations 
The present study and methodology have several limitations. A 
main limitation, also mentioned by Strait et al. [42], is the lack of 
demographic information on the commenters. It is also unclear 
whether robot videos attract a specifc demographic subset. Fur-
thermore, only English comments were considered. Overall, it is 
unclear whether the commenters are representative of the gen-
eral online public. A study by Khan [20] indicates that males are 
more likely to comment on YouTube videos, as well as frequent 
visitors. This suggests that our fndings may be more represen-
tative of males. Cultural and demographic factors can infuence 
human-robot interactions and perceptions of robots [22, 24], so 
the lack of demographic information provides a limitation which 
constrains the conclusions and design recommendations we can 
propose. Further research in which demographics are taken into 
account is required before our fndings can be generalized to the 
general public. 

Another issue relates to the nature of comments. Comments 
refect a specifc type of momentary response that may be less in-
hibited by social norms due to the online nature. The opinions and 
beliefs expressed through comments may lack nuance and be more 
extreme in nature. So, it remains unclear to what extent comments 
are sincere. Khan [20] studied the motives for engaging on YouTube 
and found that commenting is associated with motivations of in-
formation giving, self-status seeking, and relaxing entertainment. 
These motives might have infuenced the content of the analyzed 
comments. 

Twelve coded measures did not have sufcient inter-coder relia-
bility to be included in the data analysis. Two of the main possible 
explanations for the low reliability are: the coding process relies on 
annotator interpretation which is variable, and it is challenging to 
create a coding manual that is clear and has appropriate specifcity. 

It is worth noting that most measures with low reliability had a low 
occurrence. For example, 1% of comments contained references to 
identity threat (low reliability) whereas 18% contained references 
to uncanny appearance (high reliability). 

Since moderately humanlike robots are generally not attributed 
a clear gender, we only considered the gender of highly humanlike 
robots. Thus, it was not possible to compare male and female mod-
erately humanlike robots. It is possible that people still attributed 
a gender to the moderately humanlike robots in the videos due 
to design cues (e.g. body shape [6]) or existing biases [18], thus 
potentially infuencing their comments. 

Finally, one of the difculties of studying the efects of human-
likeness on people’s perceptions of robots is that there are no com-
monly used defnitions and operationalizations of humanlikeness, 
but they difer per study. This might be because humanlikeness 
is a continuous scale but is often operationalized as distinct cate-
gories. We selected robots with little or no defnition conficts when 
comparing previous work. 

6 CONCLUSION 
This study aimed to address the need to better understand the pub-
lic’s natural responses to humanlike robots. To that end, we built 
upon the work of Strait et al. [42] by investigating people’s attitude 
to and perceptions of robots in relation to their humanlikeness and 
gender. We analyzed online commentary on videos featuring robots 
to study the online community’s reactions to diferent robot types: 
moderately and highly humanlike robots, and male and female 
highly humanlike robots. We found that highly humanlike robots 
were more likely to elicit a negative attitude, be perceived as un-
canny, and be subject to sexualization and sexism than moderately 
humanlike robots. Contrary to expectation, moderately human-
like robots were more likely to evoke perceptions of threat than 
highly humanlike robots. A concerning fnding was that highly 
humanlike robots were signifcantly more likely to be sexualized 
and especially female highly humanlike robots were frequently sub-
ject to sexualization and sexism. Our fndings emphasize the need 
for careful attention to the public’s perceptions of and reactions 
to robots. In particular, our results suggest that the uncanniness 
and sexualization of highly humanlike robots may negatively afect 
human-robot interactions. This indicates that moderately human-
like robot design may be preferable and that robot designers should 
be cautious when designing highly humanlike and gendered robots 
as they can elicit unintended negative responses. Moreover, our 
study raises the concern of gendering highly humanlike robots 
female as it can lead to sexist attitudes and sexualization of robots. 
The stereotyping, specifcally sexualization and sexism, of female 
robots found in this study likely refects stereotypes held in society. 
Therefore, the fndings may have societal relevance as well. 
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