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As routinely working with robots spreads globally, it becomes important to understand how best to customize
robots to each culture to maximize collaboration between humans and robots. In two distinct cultures (United
States and Portugal) we examined group-based emotions toward robots with participants self-categorizing
three different ways (ingroup, outgroup, and neutral). We tested and confirmed our baseline assumptions that
Portuguese participants are more collectivistic and less individualistic, and feel closer with a team in negative,
but not positive, scenarios, compared to United States participants. Supporting our hypotheses, the results
showed that participants rated more positive emotions toward the robot in the ingroup condition than in
the outgroup or neutral conditions. Moreover, an interaction effect between culture and self-categorization
revealed that Portuguese participants had more positive group-based emotions toward the robot than United
States participants when self-categorizing as an ingroup. We discuss the implications in terms of human-robot
teaming and potential future research directions.
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1

INTRODUCTION

Robots have already been integrated into many of today’s industries, teaming with people to
complete jobs that are too dangerous [31] or simply impossible for a human to perform [27]
and assisting humans in established industries such as healthcare [10, 36]. However, effective
collaborations with robots in group or team situations are still a challenge [35, 52], and it is critical
to understand how they can best work with people [35]. For instance, adding some personality (e.g.
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peer, subordinate or supervisor relations [27] or non-verbal behaviors (e.g., backchanneling [32] or
gaze [23]) to the robot can affect group behavior and interpersonal relations.
As emotions and emotional intelligence have been established as one of the cornerstones of
human-human communication and collaboration [15, 16, 18, 37, 40, 42, 51] it becomes important to
understand how emotions factor into human-robot collaboration. A particular type of emotions that
emerges in social group settings is group-based emotions. They affect group-relevant behavior, such
as how far one is willing to go to justify or remedy a feeling such as guilt [12, 56]. In human-human
interactions, research shows that teams displaying group-based emotions (e.g. group pride when
a sports team wins) increased team performance and the perceived group closeness [33]. Initial
evidence suggests that some of these aspects may extend to human-robot interactions as well.
Specifically, in a study in Portugal, robots displaying group-based, as opposed to individual-based,
emotions increased group closeness, trust, and liking of robotic teammates by humans [8]. However,
little is known about the expression of group-based emotions by humans toward robots.
Another relevant aspect in human-robot teamwork is the differences between cultures, as a robot
that performs well in one culture may not perform well in another [50]. One of the most prominent
cultural differences affecting behavior and teams is individualism and collectivism [28]. People
high in individualism tend to place high value on their personal goals and seek autonomy and
independence. People high in collectivism place high value on the group’s goals and seek a more
harmonious group where each member contributes [28, 45, 60, 61]. In team settings, collectivists
perform better when training is focused on the group, and individualists perform better when
training is focused on the individual [14]. Given that collectivists develop strong group identities
easier compared to individualists [62], what is the impact of culture on the expression different
group-based emotions toward robots?
This paper sets out as the first cross-cultural exploration of group-based emotions toward robots.
We investigate imagined human-robot teams in a sample collected in two countries, the United
States and Portugal, which differ in individualism and collectivism [25, 28] – henceforth referred
to as cultures. To examine differences between cultures, participants completed an online survey
about individualism and collectivism, perceived closeness with a team during positive and negative
team scenarios. We also assessed participants’ emotions and attitudes valence toward a robot while
self-categorizing in three different ways related to the robot (as an ingroup, as an outgroup, and as
a neutral party). Based on the results, we draw considerations for human-robot teamwork, as well
as for group interactions between humans and robots.
2

BACKGROUND

We will now present the rationale for our baseline assumptions, as well as our hypotheses. While
our hypotheses (H) aim at exploring novel findings related to the field of Human-Robot Interaction,
the baseline assumptions (B) aim at validating well-known results from Psychology studies within
our sample, which are crucial to support the hypotheses. A visual diagram of our hypotheses can
be seen in Figure 1.
2.1

Individualism and Collectivism

Though many other dimensions of culture have been proposed, individualism-collectivism are
the most researched [60] and relate to typical values and behavior within the cultures [62]. These
dimensions indicate participants’ personal or communal values respectively. Individualists are
defined as placing high value on personal goals and interests, especially related to autonomy and
independence [45]. Collectivists tend to work toward the goals of the group and tend to think of
themselves in terms of their relationships and obligations to the group [45]. Individuals who score
high on individualism and low on collectivism also tend to be more competitive than individuals
Proc. ACM Hum.-Comput. Interact., Vol. 6, No. CSCW2, Article 373. Publication date: November 2022.
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Fig. 1. Diagram summarizing our baseline assumptions (B) and main hypotheses (H).

who score low on individualism and high on collectivism [41]. Conversely, individuals who score
high on collectivism and low on individualism tend to be more empathetic and show more concern
toward others [30]. Although it may seem that individualism and collectivism are a single dimension
on the same scale, they are in fact two different dimensions, and people can be high or low in one or
both [25, 30]. For example, countries that are high on individualism and collectivism like Venezuela
can be described as interdependent competitors [25]. In the present study, to differentiate the most
between conditions, we chose an individualistic culture that scores high on individualism and low
on collectivism – the United States – and a collectivistic culture that scores high on collectivism
and low on individualism – Portugal [25].
It has also been found that there is more variation in individualism and collectivism within
than between cultures due to individual outliers [28]. However, when calculating individualism
and collectivism scores of entire cultures, these outliers wash out. In this study, we measure
individualism and collectivism of our participants to test our baseline assumption that the cultures
differ in individualism and collectivism.
B1. Culture on Individualism and Collectivism - Culture will relate to participant individualism/collectivism.
B1a. Participants from the United States will be more individualistic than participants from
Portugal.
B1b. Participants from Portugal will be more collectivistic than participants from the United States.
2.2

Team identification and closeness

The identification with a group or a team refers to the perceived closeness or belonginess to a
certain social group. Team identification is subjective; that is, each individual in a team varies in
how much they associate themselves with their team [2]. A strong team identity in which the
members are cognitively, behaviorally, and emotionally aligned with each other improves team
performance [26].
In terms of cultural differences, research suggests that collectivists find it easier to develop
strong team identities than individualists [62]. Although conflicting or negative situations decrease
group closeness for individualists [17], they may not for collectivists because collectivists tend to
have more acceptance of conflicting emotions [49] – that is, simultaneous negative and positive
emotions [29]. In this study, we test another baseline assumption that in positive scenarios (e.g.,
good teamwork or positive outcomes), participants from both the more collectivistic Portugal
and more individualistic United States will respond positively toward ingroup robots, but that in
negative scenarios (e.g., poor collaboration or negative outcomes), participants from Portugal will
respond more positively than those from the United States.
B2. Culture on perceived closeness with a team - Culture will affect perceived closeness with
a team during positive and negative team-based scenarios.
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B2a. United States and Portuguese participants will feel similarly close to their teammate in
positive team scenarios.
B2b. Participants from the United States will feel more distant from their teammate than Portuguese
participants in negative team scenarios.
2.3

Group-based emotions

Individual-based emotions (e.g., pride or disappointment in oneself) play an important role in
an individual’s behavior, particularly in higher-level decision making [46, 57]. Research indicates
that group-based emotions, or emotions exhibited in social group settings, are similarly important
[33, 38, 55, 56]. The target of group-based emotions may be a group the perceiver identifies with
(known as an ingroup) or a group that the perceiver does not currently identify with (known as an
outgroup). Examples of group-based emotions include national pride and group anger toward a
rival sports team.
Group-based emotions can be affected by the familiarity with a group and the relative importance
of the group. Typically, the more a participant identifies with a group, the more intense groupbased emotions they experience [5, 43]. Knowing that other group members accept oneself also
increases experience of group-based emotions [13, 24, 64]. Conversely in some cases, group closeness
results in fewer group-based emotions. A study on collective guilt indicated a negative relation
between group closeness and group-based emotions [11]. Research suggests that highly identified
individuals implement identity management strategies to reduce feelings of guilt, while lower
identified members do not feel as compelled to resolve these negative emotions toward the ingroup
[11]. This might occur because group-based emotions also affect an individual’s closeness with an
ingroup [33]. For example, strong negative group-based emotions such as guilt might weaken an
individual’s closeness with that group.
Social identity theory indicates that social context (e.g. culture, history, and language) also affects
intergroup relations [29, 58]. According to social identity theory, individuals strive to maintain a
positive social identity within their group by thinking and acting in manners that create positive
differences between one’s own ingroup and relevant outgroups [29]. In our study, we manipulate
closeness through different social identities, and we explore their impact on the reported groupbased emotions toward a robot. Specifically, we asked participants to identify in such a way that
would make the robot an ingroup member, outgroup member, or neither. Because people experience
group-based emotions differently depending on what group they identify with [5, 43], we also
expect similar results when the target of group-based emotions is a robot. In particular, we expect
such differences on the reported positive and negative emotions, as well as on valence of their
attitude or disposition toward the robot being either more or less positive.
H1. Effects of self-categorization on group-based emotions toward the robot - When
categorizing themselves as an ingroup compared to as an outgroup or as a neutral party,
participants will report:
H1a. Higher positive emotions;
H1b. Lower negative emotions;
H1c. Higher positive attitude valence.
When groups contain both individualists and collectivists, collectivistic members positively
affect team performance [26]. Collectivists often conduct interactions more smoothly in team-based
situations (i.e. better communication and cohesion with the team), which improves interactions
and performance for the team as well as the individual [14].
In teams comprised of both humans and robots, it may be difficult to create a team identity and
smooth interaction, especially for individualists. Even when team identity with robots is high,
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without interdependence, people may not have high team affiliation [44]. Although people typically
treat ingroup robots better than outgroup robots [21, 34], even when robots are part of the team
participants differentiate between ingroup humans and ingroup robots [20–22] across cultures [7].
Because collectivistic participants are more willing to do what needs to be done for the good of the
team [26], they may more easily establish a team identity with a robot. In the present study, we
expect that when participants are categorized as a teammate to the robot, Portuguese participants
will have more positive responses toward the robot than United States participants.
H2. Effects of culture and self-categorization on group-based emotions toward the robot
- The effect of self-categorization on participant responses toward the robots will differ
depending on their culture. Specifically, when categorizing themselves as an ingroup (but not
outgroup or neutral party), participants from Portugal compared to United States will report:
H2a. Higher positive emotions;
H2b. Lower negative emotions;
H2c. Higher positive attitude valence.
2.4

Present Study

In this study, we examine the effect of culture (United States and Portugal) and participant selfcategorization (ingroup, outgroup, and neutral) on group-based emotions and attitude valence
toward a robot. Regarding the choice of countries, our paper is an extension of a user study that
took place in Portugal [8], and therefore we chose Portugal. Further, the United States and Portugal
were predicted based on prior literature to differ in individualism and collectivism, which was
the main cultural factor that we hypothesized would cause a difference in responses. We tested
this baseline assumption that these cultures differ in their levels of collectivism and individualism,
as well as on their perceived closeness with a team in either positive or negative scenarios (e.g.,
winning a game or losing a game, respectively).
We manipulate self-categorization through different social identities in such a way that would
make the robot an ingroup member, outgroup member, or neither. We opted for a priming stimulus
similar to other successful approaches that manipulated proximity or categorization [47, 63] (see
Appendix C). To promote viewing the robot as an ingroup member, we asked participants to
think of themselves as a teammate of the robot. To promote viewing the robot as an outgroup
member, we asked them to think of themselves as a human. Operationally, a human is a member
of a species that has existed on Earth for thousands of years, with the emergence of robotics
only coming into the public conscience a little over 100 years ago [59]. Because the robot is not a
human, this would make it an outgroup member. Finally, to set up a situation in which participants
identified as neither an ingroup nor outgroup member with the robot, and therefore would report
individual emotions rather than group-based emotions, we asked them to view themselves as an
individual. An individual is a person with their own self-formed opinions on robots based on their
life experience. This manipulation was based on standard procedures in psychological work on
individual- versus group-based emotions [39, 48, 53, 56]. The teammate condition, in which we
linguistically prime participants to relate to the robot as a teammate, is our condition of interest. The
other two conditions, with linguistic primes to relate to the robot as a human and as an individual,
are both controls conditions. The human condition is a control related to group membership – that
is, comparing the teammate and human conditions compares group-based emotions toward the
robots as an ingroup member compared to as an outgroup member, respectively; comparing the
teammate and individual conditions compares group-based emotions toward the robot compared
to individual-based emotions toward the robot.
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METHOD
Design

This study employed a 2 (culture: United States/Portugal) x 3 (self-categorization: ingroup, outgroup,
and neutral) mixed design with culture manipulated between subjects and self-categorization within
subjects. We chose a within-subjects design because prior research found similar results using a
within- and between-subjects design [53], and because doing so would increase the power of the
study with the same number of participants. The study was approved by the Internal Review Board
(IRB) at an American university and by the Ethical Committee of a Portuguese university.
3.2

Participants

We recruited participants from two cultures: The United States and Portugal. We recorded 347
responses for United States participants. We removed 12 for not completing the survey, six because
demographics indicated that they were exchange students or had moved to the United States within
the past three years, and 129 (39%) for failing the attention checks. In the end, 200 United States
participants remained. We recorded 116 responses for Portuguese participants. We removed 14 for
not completing the survey, two because demographics indicated that they were exchange students
or had moved to Portugal within the past three years, and 29 (29%) for failing the attention checks.
In the end, 71 Portuguese participants remained. See Table 1 for demographic information on the
remaining participants1 .

N
Range (age)
M (age)
Median (age)
Female/Male/Other
# of Nationalities

United States
200
18-56
18.92
18
74/75/1
11

Portugal
71
17-37
23.45
23
31/39/1
3

Table 1. Participant demographic information.

Researchers in the United States distributed the survey online through the university’s Sona
participant pool, which is open to all students, though most were psychology students. Researchers
at the University of Lisbon in Portugal distributed the survey on campus. Compensation for
participants varied by country. Participants from the United States received .5 SONA research
credits for Introduction to Psychology for participating in the survey, while participants from
Portugal were entered into a lottery drawing for one of four cinema tickets.
3.3

Survey translation

The United States version of the survey was translated to Portuguese by two authors who are fluent
in English and Portuguese.
3.4

Procedure

We used Qualtrics to distribute the survey to participants in both the United States and Portugal.
Participants read and agreed to the informed consent document. Then they answered questionnaires
about individualism and collectivism and perceived closeness with a team during positive and
1 In

a pilot study, our tests indicated no significant differences within the US population between Hispanic and non-Hispanic
participants (𝑝 > .05). We therefore combine these participants within the US population.
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negative scenarios (see Measures section for details). Next, participants watched a short video
introducing a NAO robot, then answered a group-based emotion questionnaire about emotions and
attitude valence toward the robot three times (once per self-categorization condition – ingroup,
outgroup and neutral) as in [56]. Order of each condition was randomized and counterbalanced
across participants. Finally, participants answered demographic questions, completed two attention
check questions and read a debriefing form. The survey took around 20-30 minutes to complete.
3.5

Video

Because many participants might not be familiar with robots, and to standardize the type of robot
participants imagined (i.e., humanoid rather than mechanomorphic), we showed participants a
1-minute video. The video displayed the NAO robot (Figure 2), its physical measurements, and
several basic capabilities (e.g., walking, waving, and interacting with another NAO). No verbal
language was used in the video to avoid a language barrier. A link to the complete video can be
found in Appendix B.

Fig. 2. NAO robot as displayed in the introductory video.

3.6

Measures

Individualism/collectivism. Participants completed the 16-item Individualism and Collectivism Scale
(INDCOL) on a 9-point Likert scale from 1 (never/definitely no) to 9 (always/definitely yes; [59]).
Items included were individualistic (e.g., “It is important that I do my job better than others;”
Cronbach’s 𝛼 = .727 and .521 for USA and Portugal participants respectively), and collectivistic (e.g.,
“To me, pleasure is spending time with others;” 𝛼 = .750 and .717 for USA and Portugal participants
respectively). Although our baseline assumption B1 relies on previous studies that reported the
INDCOL levels for several countries [28], including the two used in our study, we decided to
reassess it for our sample. Because of the possible variation of individualism and collectivism within
a single country [28], and because the other hypotheses hinge upon differences in individualism
and collectivism. This way, we can ensure that our results conformed to our baseline assumptions.
Proc. ACM Hum.-Comput. Interact., Vol. 6, No. CSCW2, Article 373. Publication date: November 2022.
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Perceived closeness with a team during positive and negative scenarios. We created a survey specifically
for this study on feelings of closeness to the team based on 18 scenarios (nine positive and nine
negative, see Appendix D). Participants were asked to “Imagine that you just met someone, and
they became your teammate for a game. You’ve played the game a few times with your teammate.
How close would you feel to your team on a scale from 1 (very distant), to 7 (very close), if...”.
Participants rated team-based scenarios that were positive (e.g., “Your team worked well together;”
𝛼 = .850 and .845 for USA and Portugal participants respectively) or negative (e.g., “Your teammate
was frustrated with the team;” 𝛼 = .787 and .753 for USA and Portugal participants respectively).
Group-based emotions and attitude valence toward a robot. After participants watched the video
of the robot, they reported their attitude valence toward the robot on two 7-point bipolar scales,
with 1 being “Negative” or “Dislike”, and 7 being “Positive” or “Like” (𝛼 = .911 and .930 for USA
and Portugal participants respectively). Participants then rated the degree to which they felt 17
different emotions toward the robot on a 7-point Likert scale from 1 (not at all) to 7 (very much),
with the emotions being either positive (e.g. happiness or excitement (𝛼 = .894 and .929 for USA
and Portugal participants respectively) or negative (e.g. anger or pity; 𝛼 = .875 and .863 for USA
and Portugal participants respectively; [9]). This question group was repeated three times; once for
each category (teammate, human, and individual).
Demographics. Participants indicated their gender identity, age, nationality, religion/spirituality,
number of languages known, residential history for both participant and their parents, university
major if they are a student, and current level of technical knowledge.
Attention Checks. The attention check consisted of two multiple-choice questions: The first read,
“You were asked ‘when you think of yourself as a _____, to what extent do you feel each emotion?’
check all that apply,” with six possible choices. There were three correct answers (teammate, human,
and individual) and three incorrect answers (worker, student, community member). The second
read, “You were asked to imagine that:” with five possible choices, one correct answer (you and
the robot were teammates playing a game), and four incorrect answers (you and the robot were
opponents playing a game, the robot was your housekeeper, the robot was your teacher, the robot
was your boss). For the first question, participants passed if they selected at least two of the correct
options and no more than one of the incorrect options. For the second question, participants passed
only if they selected the single correct answer and no incorrect answers. Participants needed to
pass both questions to be included in the study.
4

RESULTS

Data were analyzed in JASP version 0.14.1 for MacOS. The Holm-Bonferroni method was used
for post hoc tests (presented in the Appendix section), to interpret the significance of multiple
comparisons in a conservative way. P values of < .05 were considered significant. All significant
effects are reported.
4.1

Individualism and Collectivism (B1)

We examined if the two cultures differed in individualism and collectivism using Welch’s t-tests to
account for unequal variances. We noted that Cronbach’s alpha was low for Portuguese participants
on the individualism scale (𝛼 = .521), but there were no particular items that raised Cronbach’s alpha
by excluding, so we did not modify the measure. Participants from the United States rated themselves
as more individualistic than participants from Portugal (𝑡 (269) = −2.843, 𝑝 = .005, 𝑑 = −.375;
Figure 3). Participants from Portugal rated themselves as more collectivistic than participants from
the United States (𝑡 (269) = 2.572, 𝑝 = .011, 𝑑 = .349; Figure 3).
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Individualism and Collectivism
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Fig. 3. Effect of culture on individualism and collectivism. Error bars display 95% confidence interval.

4.2

Culture on perceived closeness with a team (B2)

We examined differences between the two cultures in perceived closeness to a team using Welch’s ttest. There was no significant difference between cultures in positive scenarios (𝑡 (269) = −1.829, 𝑝 =
.070, 𝑑 = −.259; Figure 4), but Portuguese participants rated significantly higher closeness in
negative scenarios (𝑡 (269) = 2.125, 𝑝 = .035, 𝑑 = .284; Figure 4).
Perceived Closeness
7

USA
Portugal

Average Likert Score

6
5
4
3
2
1
Positive

Negative

Valence of Scenarios

Fig. 4. Effect of culture on group closeness. Error bars display 95% confidence interval.

4.3

Emotions and Attitude valence (H1, H2)

We used mixed ANOVAs to determine main and interaction effects of culture (our between-subjects
variable with two levels: United States, Portugal) and self-categorization (our within-subjects
variable with three levels: ingroup, outgroup, and neutral) on positive emotions, negative emotions,
and attitude valence. The mixed ANOVA is an appropriate statistical instrument to test the effect of
two categorical independent variables on a continuous dependent variable, considering our mixed
experimental design [19].
4.3.1 Positive Emotions. For positive emotions, Levene’s test indicated that the assumption of homogeneity of variances was met for each between-subjects factor (teammate: 𝐹 (1, 269) = 0.007, 𝑝 =
.935; human: 𝐹 (1, 269) = 1.683, 𝑝 = .196; individual: 𝐹 (1, 269) = 3.434, 𝑝 = 0.065). Additionally, the
Mauchly’s test indicated that the assumption of sphericity was met (𝑋 2 (2) = 0.573, 𝑝 = .751). A main
effect of culture indicated that Portuguese participants rated more positive emotions toward the
Proc. ACM Hum.-Comput. Interact., Vol. 6, No. CSCW2, Article 373. Publication date: November 2022.
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robot than United States participants (𝐹 (1, 269) = 5.424, 𝑝 = .021, 𝑛 2 = .020; Figure 5). A main effect
of self-categorization (𝐹 (2, 538) = 26.298, 𝑝 =< .001, 𝑛 2 = .015; Figure 5) indicated that participants
rated more positive emotions toward the robot when self-categorizing as an ingroup member than
an outgroup member (𝑝 =< .001, 𝑑 = .402) or a neutral party (𝑝 =< .001, 𝑑 = .280). A significant
interaction effect between culture and self-categorization (𝐹 (2, 538) = 3.414, 𝑝 = .034, 𝑛2 = .002)
indicated that Portuguese participants rated more positive emotions than United States to the
robot when self-categorizing as an ingroup member (𝑝 = .036, 𝑑 = .185), but the difference was
not significant when self-categorizing as an outgroup (𝑝 = 1.0, 𝑑 = .817) nor as a neutral party
(𝑝 = 0.534, 𝑑 = .285). The effect of viewing a robot more positively from the perspective of an
ingroup than outgroup or neutral party was larger for United States than Portuguese participants.
See Table 2 in Appendix A for the complete list of post hoc comparisons. Note that while examining
both countries separately, the main effect of participants rating the ingroup robot more positively
than the outgroup robot or the robot as a neutral party is still statistically significant.
Positive Emotions
7

USA
Portugal

Average Likert Score

6
5
4
3
2
1
Ingroup

Outgroup

Neutral

Self-categorization

Fig. 5. Effect of culture and self-categorization on positive emotions.

4.3.2 Negative Emotions. For negative emotions, Levene’s test indicated that the assumption
of homogeneity of variances was met for each between-subjects factor (teammate: 𝐹 (1, 269) =
2.113, 𝑝 = .147; human: 𝐹 (1, 269) = 3.049, 𝑝 = .082; individual: 𝐹 (1, 269) = 2.241, 𝑝 = 0.136).
However, Mauchly’s test indicated that the assumption of sphericity had been violated (𝑋 2 (5) =
13.210, 𝑝 = .001). Therefore, degrees of freedom were corrected using Huynh-Feldt estimates of
sphericity (𝜖 = .96). A main effect of culture on negative emotions was not statistically significant
(𝐹 (1, 269) = 0.073, 𝑝 = .787; Figure 6 A main effect of self-categorization (𝐹 (1.929, 518.809) =
11.227, 𝑝 < .001, 𝑛 2 = .040; Figure 6) indicated that participants rated lower negative emotions
toward the robot when self-categorizing as an ingroup than as an outgroup (𝑝 = .044, 𝑑 = .149) or a
neutral party (𝑝 =< .001, 𝑑 = .278). The interaction effect between culture and self-categorization
on negative emotions was not significant (𝐹 (2, 538) = 0.313, 𝑝 = .731).
4.3.3 Attitude valence. For attitudes, Levene’s test indicated that the assumption of homogeneity of
variances was met for each between-subjects factor (teammate: 𝐹 (1, 269) = 1.170, 𝑝 = .280; human:
𝐹 (1, 269) = 2.457, 𝑝 = .118; individual: 𝐹 (1, 269) = 1.162, 𝑝 = 0.282). However, Mauchly’s test
indicated that the assumption of sphericity had been violated (𝑋 2 (5) = 10.238, 𝑝 = .006), therefore
degrees of freedom were corrected using Huynh-Feldt estimates of sphericity (𝜖 = .97). A main effect
of culture on attitude valence was not statistically significant (𝐹 (1, 269) = 1.801, 𝑝 = .181, 𝑛 2 = .007;
Figure 7). A main effect of self-categorization (𝐹 (1.949, 524.175) = 9.020, 𝑝 < .001, 𝑛 2 = .032;
Figure 7) indicated that participants rated higher positive attitudes when self-categorizing as an
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Fig. 6. Effect of culture and self-categorization on negative emotions.

ingroup member than as an outgroup (𝑝 = .002, 𝑑 = −.211) but not compared as a neutral party (p
= .136, d = -.136). The interaction effect between culture and self-categorization on attitude valence
was not significant (𝐹 (2, 538) = 2.547, 𝑝 = .079, 𝑛 2 = .027).
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Fig. 7. Effect of culture and self-categorization on attitude valence.

5

DISCUSSION

In this study, participants from the United States and Portugal watched a video of a robot and
completed a survey on individualism and collectivism, perceived closeness with a team, and groupbased emotions toward robots depending on how participants self-categorized themselves (ingroup,
outgroup, and neutral). Participants from the United States rated themselves as more individualistic
and less collectivistic than participants from Portugal (B1 supported). For group closeness in
different scenarios, there was no significant difference during positive scenarios, but United States
participants rated significantly less closeness with the group in negative scenarios (B2 supported).
For self-categorization, participants reported higher positive emotions and lower negative emotions
when self-categorizing as an ingroup with the robot than when self-categorizing as an outgroup
or a neutral party (H1 supported). Culture also influenced the effect of self-categorization on
group-based emotions. Specifically, when participants self-categorized as an ingroup member with
the robot, Portuguese participants reported higher positive emotions than United States participants
but reported similar levels of negative emotions and attitude valence (H2 partially supported).
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This supports prior work on the importance of group-based emotions for human-robot interaction
[8]. It both extends the investigation to another culture —the United States— and explores the
expression of this type of emotions by humans toward robots (as opposed to explore the expression
of group-based emotions by robots toward humans [8]). We discuss these results in more depth
below.
5.1

Individualism and Collectivism - B1

United States participants were more individualistic than Portuguese participants (B1a supported),
while Portuguese participants were more collectivistic than United States participants (B1b supported). Although Cronbach’s alpha was low on the Portuguese individualism measure, individualism and collectivism (which had a high alpha) differed across country in the direction of our
predictions. Overall, B1 is supported. These results support previous findings for both countries
[25, 28]. Support of our first baseline assumption suggests that the results below are due to differences in individualism and collectivism (though these cultures differ in other ways as well; see
Limitations and future directions).
5.2

Culture on perceived closeness with a team - B2

In positive scenarios, there was no significant difference in perceived closeness to a team between
the United States and Portugal, although participants from United States trended to rate higher
closeness (B2a partially supported). However, there was a significant difference in negative
scenarios, in that United States participants rated themselves as feeling more distant from the
team than Portuguese participants (B2b supported). Overall, the data supports B2. These results
conform with prior literature indicating that collectivism, compared to individualism, enhances
group adhesion, even during conflicting emotions [17, 49].
The support we found for our second baseline assumption is crucial to test our two main
hypotheses (discussed below). Indeed, culture affected the reported closeness with the team, which
reinforces the need to explore cultural differences in human-robot teamwork scenarios as well. This
might imply that both individualists and collectivists will accept a robot during positive interaction
(e.g., the team wins), but that individualists will more readily dismiss the robot from their group
if it makes a mistake. This might also apply to the use of group-based emotions in human-robot
team interactions; both individualists and collectivists may express more positive group-based
emotions towards teammates, and they might both accept a robot expressing this type of emotions
in positive situations. However, in negative situations, robots interacting with individualists (but
not collectivists) may need to avoid using negative group-based emotions to maintain participant
perceptions of closeness with the team. At the same time individualists will probably also express
less negative group-based emotions.
5.3 Self-categorization on emotions and attitude valence – H1
Participants rated higher positive emotions (H1a supported), lower negative emotions (H1b
supported), and higher positive attitudes (H1c supported) when self-categorizing as an ingroup
with the robot than when self-categorizing as an outgroup or a neutral party, supporting H1. This
suggests that, regardless of culture, people are more willing to accept robots as a teammate on a
task (e.g., an assistant, aide, coworker) rather than as an autonomous individual. Prior literature in
human-robot interaction indicated that when a robotic teammate displayed group-based emotions,
participants had more positive perceptions of the robot and identified with them more [8]. Our
study extends these findings to indicate that, conversely, participants experience more positive
group-based emotions toward a robot when it is a potential teammate than when the robot does
not belong to the same ingroup.
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Overall, self-categorization is an important aspect that affects people’s emotions and dispositions
toward robots. When designing social behaviors for robots, or even when endowing robots with
advanced affective perceptions, such as the emotions recognition, robots should take into account
the social groups and the way they affect humans’ expressivity. Furthermore, as robots become
pervasive in different contexts of our lives, several relevant identities with a robot may apply in
a given moment. In other words, human-robot relations might have to consider more complex
categorization processes beyond distinguishing ingroup and outgroup robots.
Our findings regarding H1 further support the importance of group-based emotions specifically
in human-robot teaming as emotions and attitudes were stronger in the teammate condition. Such
consideration suggests that the topic should be more closely studied during real-world teamwork
interactions. However, the effect of viewing a robot from the individual category differed by culture,
as discussed below.
5.4

Self-categorization X Culture – H2

When self-categorizing as an ingroup with the robot, Portuguese participants rated higher positive
emotions (H2a supported), did not rate lower negative emotions (H2b not supported), and
trended (non-significantly) toward rating higher positive attitudes (H2c partially supported)
than United States participants. Because one hypothesis was supported while another trended
in the predicted direction, H2 is partially supported. Although the United States is primarily
driving the effects for both positive and negative emotions, post hoc tests do in fact indicate a
significant difference in positive emotions between Portuguese participants when self-categorizing
as an individual and teammate. However, no difference was found in negative emotions between
Portuguese participants for the same categories. This supports prior work indicating that collectivists, compared to individualists, have stronger group-based emotions and group closeness
with the ingroup [6]. This also relates to increased closeness and conformity to their ingroups to
increase cohesion [3]. Conversely, individualists less readily identify with a particular ingroup than
collectivists because they focus on personal autonomy [4] and do not so heavily rely on identifying
with a group to function [41].
This finding extends the previously discussed ones regarding H1 as we found an interaction
between culture and self-categorization on emotions towards a robot. People attributed different
emotions not only when primed to relate with robot as a teammate, a human, or an individual, but
also according to their culture. The implications of this result may affect both how people interact
with the robot, and how the robot should communicate with people. Conversely, if culture affects
the way people express emotions and perceive robots, researchers and practitioners should consider
cultural-related aspects when evaluating the interactions and when designing studies that explore
emotions in group settings. Additionally, computational tools for emotional recognition should also
consider such cultural differences. An interesting research avenue is to explore social robots within
groups of people from mixed cultures. However, if culture affects people’s dispositions towards
robots, their expectations for the robot’s behavior might similarly differ, which should also be
considered in designing social behavior for the robot.
5.5

Limitations and future directions

In this study, we compared only two cultures that differed on individualism and collectivism
(United States and Portugal, respectively). However, individualism and collectivism are continuous
variables; inclusion of additional countries that vary across that scale (i.e., comparison of an
extremely collectivistic country to that of one that is only slightly collectivistic) will assist in
determining what differences are truly due to individualism and collectivism rather than other
cultural differences between the United States and Portugal.
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Additionally, though this study focused only on individualism and collectivism, the INDCOL
distinguishes “horizontal” or “vertical” categories as well, with cultures high in horizontalism having
more equality between people and cultures high in verticalism having a steeper hierarchy between
people [60]. Using horizontalism and verticalism as additional variables would allow comparison not
only of individualists to collectivists, but of a combination of variables (i.e., horizontal individualists
to vertical collectivists). Research indicates that vertical collectivists were more adept at adjusting
their attitude to fit in, while horizontal collectivists were less concerned about group-harmony and
care mainly for group-cooperation [54]. A horizontalist may see robots as more equal to humans
than a verticalist, who may view the robot as a lesser (or greater) individual than themselves. Ideally,
a survey of this sort would include countries representative of the four possible combinations of
variables.
Concerning the attention checks, it may initially seem unreasonable to have such high failure
rate for attention checks (44% of United States participants and 32% of Portuguese participants).
However, these numbers are within the typical range for online surveys, even more so considering
the attention checks required cognition and memory recollection of prior sections of the survey
[1]. Therefore, we believe that this level of exclusion was acceptable for the current study. The
method of participant payment may have introduced another source of error. Offering two different
rewards between two participant pools may have influenced motivation, resulting in a confounding
variable.
A future direction for this work is to extend this cross-cultural investigation to other cultures
beyond American and Portuguese to further understand how self-categorization and closeness affect
the expression of group-based emotions toward robots. Furthermore, our scenario-based experiment,
which was similar to prior research on individual-versus group-based emotions [39, 48, 53, 56],
was chosen as a low-cost first study. Hence, future research should examine this in real world
interactions and include qualitative data.
6

CONCLUSION

In this paper we examined how different cultures react to a robotic (NAO) teammate in an online
survey. We differentiated two cultures (United States and Portugal) on individualism, collectivism,
and perceived closeness with a team during positive and negative situations. Participants viewed a
video of the robot and responded to questions about group-based emotions and attitude valence
toward the robot. The results show that the United States participants displayed less closeness to
teams in negative scenarios, but not in positive scenarios, compared to Portuguese participants.
Across cultures, participants responded more positively toward the robot when self-categorized
as an ingroup member than as an outgroup or a neutral party. Lastly, Portuguese participants
displayed higher positive emotions and attitudes when self-categorizing as an ingroup than United
States participants. Overall, participant self-categorization as an ingroup, outgroup, or neutral
combined with their individualism and collectivism affected participant feelings toward robots.
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APPENDICES
Appendix A
Self-categorization * Culture
Human, United States
Individual, Portugal
Human,
* Individual, United States
Portugal
* Teammate, Portugal
Teammate, United States
Individual, Portugal
Human,
* Individual, United States
United States * Teammate, Portugal
* Teammate, United States
* Individual, United States
Individual,
* Teammate, Portugal
Portugal
Teammate, United States
Individual,
* Teammate, Portugal
United States * Teammate, United States
Teammate,
* Teammate, United States
Portugal

Mean
Difference
0.253
-0.254
0.178
-0.690
-0.066
-0.507
-0.076
-0.944
-0.319
0.431
-0.437
0.188
-0.868
-0.244
0.624

SE

T

Cohen’s d

𝑃ℎ𝑜𝑙𝑚

0.204
0.122
0.204
0.122
0.204
0.204
0.073
0.204
0.073
0.204
0.122
0.204
0.204
0.073

1.239
-2.079
0.869
-5.659
-0.322
-2.479
-1.042
-4.614
-4.9394
2.109
-3.580
0.918
-4.244
-3.352

0.075
-0.126
0.053
-0.344
-0.020
-0.151
0.063
-0.280
-0.267
0.128
-0.217
0.056
-0.258
-0.204

1.000
0.572
1.000
* <.001
1.000
0.204
1.000
* <.001
* <.001
0.534
* 0.006
1.000
* <.001
* 0.013

0.204

3.053

0.185

* 0.036

Table 2. Positive emotions ANOVA post-hoc statistics. Significant differences are marked with an asterisk.

Appendix B
https://www.youtube.com/watch?v=pGEb0pGHbRM
Proc. ACM Hum.-Comput. Interact., Vol. 6, No. CSCW2, Article 373. Publication date: November 2022.

373:18

Filipa Correia et al.

Self-categorization * Culture
Human, United States
Individual, Portugal
Human,
Individual, United States
Portugal
* Teammate, Portugal
Teammate, United States
Individual, Portugal
Human,
Individual, United States
United States * Teammate, Portugal
Teammate, United States
Individual, United States
Individual,
Teammate, Portugal
Portugal
Teammate, United States
Individual,
* Teammate, Portugal
United States Teammate, United States
Teammate,
Teammate, United States
Portugal

Mean
Difference
0.084
-0.316
0.057
-0.596
-0.104
-0.400
-0.028
-0.680
-0.188
0.373
-0.279
0.213
-0.652
-0.160
0.492

SE
0.188
0.151
0.188
0.151
0.188
0.188
0.093
0.188
0.093
0.188
0.151
0.188
0.188
0.093

T
0.449
-2.092
0.302
-3.941
-0.552
-2.135
-0.298
-3.624
-2.028
1.987
-1.849
1.133
-3.477
-1.730

0.188 2.623

Cohen’s d

𝑃ℎ𝑜𝑙𝑚

0.028
-0.133
0.019
-0.250
-0.035
-0.135
-0.019
-0.230
-0.129
0.126
-0.117
0.072
-0.220
-0.110

1.000
0.369
1.000
* 0.001
1.000
0.366
1.000
* 0.005
0.388
0.388
0.455
1.000
* 0.007
0.506

0.166

0.108

Table 3. Attitudes ANOVA post-hoc statistics. Significant differences are marked with an asterisk.

Appendix C
The priming stimulus of the self-categorization independent variable, manipulated in a withinsubjects design, had the following sentences for each level:
• Teammate – “Imagine that you played a game with NAO as your teammate. After an hour,
the two of you had won several games together. In this situation, when you think of yourself
as a teammate with NAO, to what extent do you...”
• Human - “Imagine that you played a game with NAO as your teammate. After an hour, the
two of you had won several games together. In this situation, when you think of yourself as
a human, to what extent do you...”
• Individual - “Imagine that you played a game with NAO as your teammate. After an hour,
the two of you had won several games together. In this situation, when you think of yourself
as an individual, to what extent do you...”
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