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ABSTRACT 
Robots are expected to become present in society in increasing 
numbers, yet few studies in human-robot interaction (HRI) go 
beyond one-to-one interaction to examine how characteristics of 
robot groups will affect HRI. In particular, people may show more 
negative or aggressive behavior toward entitative (i.e., cohesive) 
robot groups, like they do toward entitative human groups, 
compared to diverse groups. Furthermore, because people in 
collectivist (e.g., Japan) and individualistic (e.g., US) cultures 
respond to groups and to cues of entitativity differently, entitative 
robot groups may affect people differently across such cultures. 
This study examines how robot Entitativity Condition (Single 
Robots, Diverse Group, Entitative Group) and Country (USA, 
Japan) affect emotions toward, mind attributions to, and 
willingness to interact with robots. Results indicate that Entitative 
robot groups, compared to Single robots, were viewed more 
negatively. Entitative robots were also more threatening than 
Diverse robots. Diverse robot groups, compared to Single robots, 
were viewed as having more mind, and participants were more 
willing to interact with them. These findings were similar in the 
USA and Japan. This indicates that robot group entitativity and 
diversity is critical to keep in mind when designing robots. 
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1. INTRODUCTION 
Over 14 million home robots (e.g., Roomba vacuum cleaners) 
were made and distributed by the iRobot company since 2002 [1]. 
Just last year, 1000 humanoid Pepper robots were made and 
distributed in Japan [2]. In the upcoming years, it is expected that 
humans will view and interact with more robots of various types – 
and not just in one-on-one interactions, but in interactions 

involving groups of humans and groups of robots.  
Intergroup interaction between humans and robots is still a newly 
emerging topic in human-robot interaction (HRI); however, a 
well-developed literature in social psychology indicates many 
challenges in interactions among groups. Groups commonly 
behave more aggressively than individuals toward outgroup 
members [3, 4]. This aggression is expected, and in turn, those 
interacting with groups typically behave more aggressively 
towards them [3, 5-7]. This aggressive behavior becomes even 
more pronounced the more united, cohesive, or “entitative” the 
group is [8]. Because robots are often created as identical units, 
they have a high chance of being perceived as entitative 
outgroups, and thus, aggressed against. So far, the literature shows 
that groups of humans may behave more aggressively than 
individuals toward robots (e.g., [9, 10]). However, the effects of 
attributes of robot groups, such as their entitativity, in HRI have 
not yet been studied. 

This paper examines (1) How intergroup HRI differs from dyadic 
HRI, (2) How characteristics of robot groups – in particular, robot 
entitativity – affect emotions toward them and perceptions of 
them, and (3) How these intergroup dynamics differ across 
countries in which group membership and ingroup entitativity 
have different cultural meanings. These questions were based on 
findings from social psychology, which we review in the 
Background section. The results of our study, described in detail 
below, suggest that robot group entitativity is a crucial factor in 
how people respond to robots across cultures. 

2. Background 
Group membership drastically changes how people interact with 
the world, from the emotions they feel [11, 12] to their opinions 
and priorities. People conform to ingroup members in their 
opinions, values [4, 13], and  behavior toward others [4]. In sum, 
in intergroup situations, people often behave more like a 
stereotypical group member than when acting individually [14].  
Adopting the group’s goals and values often (but not always [15, 
16]) results in more aggressive behavior against outgroup 
members [5-7].  
In HRI, the effects of groups have received little attention, as most 
studies focus on dyadic interaction (i.e., one human interacting 
with one robot). Recent studies have found that people respond 
differently to an individual robot than to a group of robots. For 
example, when participants watched videos of robots that 
appeared and behaved similarly to humans, people preferred them 
in groups rather than individually. Conversely, robots that 
appeared and behaved in a machine-like manner were preferred 
individually rather than in groups [17].  In a field experiment, 
researchers found that differences in robots’ behavior can make 
people prefer them individually or in groups. In this case, the 
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findings were apparently opposite to the abovementioned study – 
that is, minimally social robots (robots with a few human-like 
features) that behaved interactively or “socially” (i.e., 
contingently responded to humans and robots) were preferred 
individually rather than in groups, and the reverse was true of 
robots that behaved purely functionally (i.e., behavior was 
focused on the task) [18]. These differences in responses toward 
groups of robots may depend on characteristics of the robot 
groups – in particular, how similarly they behaved, or their 
entitativity (discussed more below). 

2.1 Entitativity  
Characteristics of groups, like group entitativity (i.e., similar 
appearance, similar background, shared goals, and shared fate), 
affect group dynamics. In human interaction, aspects of 
entitativity increase perceived group cohesiveness [8], and 
through this, perceived threat from and aggression toward the 
group [5].  

In HRI, researchers have found that some of these factors 
influence how people identify robots as belonging together. In one 
study, participants watched a video of three minimally social 
Keepon robots and had to choose if robot C was in a group with 
robot A or B. C was the same as A, B, or neither, based on 
appearance (color of stripes) or behavior (dance motion). When 
C’s characteristics matched another robot’s, people grouped C 
with that other robot more frequently, with behavior being slightly 
more influential than appearance [19].  

In the studies [17, 18] described above, entitativity may reconcile 
the findings as a key factor influencing whether robots were liked 
in groups or not. In a video study [17], different types of robots 
may have been viewed as differently entitative. For example, the 
anthropomorphic robots’ humanlike behavior was likely more 
familiar to participants, and people perceive familiar things to be 
more diverse (i.e., less entitative) [20]. In the field experiment 
[18], the groups of functional robots may have been liked in 
groups because they did not interact with each other (unlike the 
interactive robots), making them seem less entitative. In human-
human interaction, intragroup interaction was shown to increase 
perceived entitativity [21], but this field experiment did not parse 
apart differences in effects of robot ingroup versus outgroup 
intragroup interaction. 

Research in HRI indicates that people use robots’ shared 
characteristics to group them together [19], but research has not 
yet examined if robot entitativity also increases perceived threat 
from and behavioral aggression toward robots groups. Because 
robots are often created as identical, perceived entitativity of robot 
groups is likely to be high, making it critical to explore how robot 
entitativity affects intergroup interactions. 

2.1.1 Entitativity and Mind 
Another finding is that high entitativity of groups relates to low 
perceptions of mind of the members [22]. This occurs even as the 
high-entitativity group is perceived as more agentic and effective 
[23]. Mind is often divided into two components: intelligence or 
uniquely human abilities (i.e., the ability to plan, to calculate) and 
sociality or experience (i.e., the ability to feel pain, love) [24, 25].  

Denying humans these attributes of mind is called dehumanization 
and relates to less caring behaviors toward the individuals 
dehumanized [24]. Conversely, applying these attributes of mind 
to robots is termed anthropomorphism and relates to behaving 
toward them as though they are humans [26-28], often with more 
respect and care. 

Robots are often perceived to have low mind compared to humans 
[29]. But a low entitative (i.e., diverse) group of robots may elicit 
increased perceptions of mind. This may be useful in cases in 
which anthropomorphizing robots enhances interactions with 
them. 

2.2 Culture 
Cultural values such as individualism and collectivism are critical 
in understanding the effects of intergroup interaction. People from 
individualistic cultures (e.g., USA) tend to have a dualistic 
approach during intergroup interaction. For example, people 
categorize a target as either an ingroup or an outgroup member. In 
contrast, those from collectivistic cultures (e.g., Japan) tend to 
view intergroup interaction in terms of relationships and 
networks. For example, they behave positively toward a friend of 
a friend instead of just ingroup members [30-32]. Other 
differences between these types of cultures include that people 
from individualistic cultures rate individuals higher than groups 
on entitativity [33], agency [34], and changeability [35] in 
comparison to people from collectivistic cultures. This suggests 
that across these two types of cultures, intergroup HRI will differ.  

Depending on culture, people also differently perceive intergroup 
dynamics related to entitativity. People from individualistic 
cultures tend to focus on static or “essence” properties of 
entitativity, such as similar physical appearance and background. 
People from collectivistic cultures tend to focus on dynamic 
properties of entitativity, such as common goals and outcomes 
[33, 36]. These differences mean that culture affects how people 
interpret factors of entitativity. Thus, the same group of robots 
could be viewed as more or less entitative (and therefore 
threatening) depending on the perceiver’s culture and mindset.  

2.3 Present study 
In the present study, we manipulated the entitativity of the robots 
using various factors identified in Campbell’s [8] and subsequent 
papers (e.g., [33, 37-39]). Participants interacted with the robots 
that varied in Condition (Single Robots, Diverse Group, Entitative 
Group), then completed questionnaires about them. The study was 
performed in two Countries (USA, Japan). 
Hypotheses: 

1. Condition  
a. Threat. Interaction with Entitative Groups will increase 

perceived threat from a test compared to interactions with 
Diverse Groups and Single Robots. 

b. Emotions. Participants will feel more negative toward 
Entitative than Diverse Groups and Single Robots. 

c. Attributions of Mind. Diverse Groups will be rated as 
having more mind than Entitative Groups and Single 
robots. 

d. Willingness to Interact. Participants will be more willing 
to interact with Diverse Groups than Entitative Groups and 
Single Robots. 

2. Country  
a. Country and Entitativity Factors. In the USA, ratings of 

static entitativity will be a stronger moderator of emotions 
and willingness to interact with robots, whereas in Japan, 
ratings of dynamic entitativity will be a stronger 
moderator. 



3. METHOD 
3.1 Design 
The study manipulated robot Entitativity Condition (Single 
Robots, Diverse Group, Entitative Group) and Country (USA, 
Japan) in a between-subjects design.  

3.2 Robots 
This study used three different appearances of mechanomorphic 
robots. These robots used the iRobot Create base. This was 
covered by a shape cut of heavy cardboard and a cloth cover to 
make the robots larger and therefore more visually salient (see 
Figure 1). It also allowed physical appearance to be changed as 
part of the entitativity manipulation. Robots were decorated with 
WebCams to give the appearance that they could perceive the 
world. In actuality, all their motions and their “answers” on the 
task (described below) were preprogrammed. 

3.2.1 Entitativity Manipulation 
In this paper, we manipulate entitativity in four ways: robot 
appearance, motion, decisions, and proximity. It is important to 
manipulate entitativity in multiple ways because entitativity is a 
multifaceted concept. As such, we chose several key components 
of entitativity to represent the group’s entitativity. If we had 
chosen only one component, we would not be measuring the 
effects of entitativity overall, rather we would be measuring the 
effects of robot similarity in appearance or in decision-making. 
Manipulating multiple components simultaneously also made 
entitativity more salient and noticeable to participants.  

In the Group conditions, robot appearance, motion, and decisions 
were changed for the overall manipulation of entitativity (see 
Tables 1 and 2 for details). In the Diverse Group condition, the 
experiment used three robots of three different types (see Table 1 
for details). Characteristics were counterbalanced across robots 
across participants (e.g., for one participant, Toby was a green 
hemisphere that moved slowly and got 60% of the answers 
correct, and for another, Toby was a red cylinder with ears that 
moved quickly and got 80% of the answers correct). In the 
Entitative Group or Single conditions, one type of robot was used 
(see Table 2 for an example) with similarly counterbalanced 
characteristics.  

In regard to robot placement and motion, Diverse Robots were 
placed separately from each other and moved independently of 
each other (see Figure 2). Entitative Robots were placed beside 
each other and performed the same motions at the same time (see 
Figure 3). Single Robots were placed in the same location and 
orientation as one of the robots in the other two conditions 
(counterbalanced across participants). 
 

 
Figure 1. Three types of robots 

 

Table 1. Differences in robot characteristics – example of a 
Diverse Group 

Name Appearance Motion  Decisions  

Toby Green hemisphere Slow, moves little  60% correct* 

Erin Red cylinder with ears Slow, moves more 80% correct* 

Zee Silver cylinder Quick  90% correct* 

 
Table 2. Similarities in robot characteristics – example of an 

Entitative Group 
Name Appearance Motion  Decisions  

Zee 2 Green hemisphere Slow, moves little  80% correct* 

Zee 3 Green hemisphere Slow, moves little  80% correct* 

Zee 6 Green hemisphere Slow, moves little  80% correct* 

* “Correct” here refers to giving the same answers as the 
participant. 
 

 
Figure 2. Study room layout in the Diverse condition 

 
Figure 3. Study room layout in the Entitative condition 

3.2.2 Robots’ Control 
The robots were controlled using the Wizard of Oz (WoZ) 
technique. A Raspberry Pi and Arduino linked the iCreate robots 
to a server and to a tablet from which the robots were controlled 
using https://robotmoose.com/. Each robot was preprogrammed to 
perform two types of general behavior:  

• Approach – at the start of the task, robots approached the 
computer monitor. This involved driving forwards and 
turning to face the monitor. 



• Task Behavior – while participants completed the task, 
robots occasionally shifted their positions. This involved 
moving forward, backward, or left and right for 
approximately one second. This occurred about once every 
30 seconds to remind participants of the robots’ presence and 
ingrain perceptions of entitativity. 

These two behaviors were labeled as buttons on the 
experimenter’s tablet. During the study, when the experimenter 
pressed the buttons, the robots would delay for about 20 seconds 
(so participants would not catch on to what the experimenter was 
doing) and then perform the behaviors. 

3.3 Procedure 
In both the United States and Japan, the robots were in their own 
room so participants did not see them before interaction. For the 
task humans performed with the robots, participants entered the 
robots’ room individually so they would have no distractions. In 
the United States, the experiment took place in the R-House 
laboratory’s living environment, a home-like setting. In Japan, an 
exact equivalent could not be used. Instead, the commons area 
near the cafeteria was used with partitions set up to create the 
robots’ room. The experiment was performed between 1 PM and 
5 PM, to avoid busy times around lunch and dinner. 

Participants entered the experiment location and signed the 
informed consent forms. Participants were informed that the 
purpose of this study was to examine student cognitive 
performance. They were told that they would perform a short 
object-matching task, and that from their responses (e.g., response 
time, accuracy), the robots would categorize them as low, 
medium, or high ability. This manipulation was used to induce 
mild threat because group effects are more salient and visible 
under slightly threatening than neutral conditions. They were also 
told that the robots would attempt the task simultaneously because 
they were being trained to recognize images as well as to classify 
participants autonomously (i.e., not with the help of the 
computer). This allowed participants to view robots’ answers 
(which are the same or different) as part of the Entitativity 
manipulation. 

Participants were given a document that trained them in the task 
(see Section 3.4 – Object-Matching Task for details). Next, the 
researcher escorted participants individually into the room with 
the robots and the computer on which the task was performed (see 
Figures 2 and 3). The researcher read instructions from a tablet 
(which, unknown to participants, was also used to control the 
robots). While the researcher showed participants the computer 
and set up, the robots approached the test location and turned to 
face the monitor. The researcher stood by and answered any 
questions while participants completed three trial runs. Then, the 
researcher left while participants completed the 27 test runs. 
During this portion of the trial, the robots periodically shifted 
position so participants would not forget the robots’ presence and 
to further ingrain the Entitativity manipulation. 

After completing the task, participants were led out of the room. 
They were told that the robots would assess their skill level, and 
that in the meantime, they should take a survey about their 
experience so far. When the survey was complete, participants 
were told that the experiment was actually finished. They were 
given the debriefing form and were free to go. 

3.4 Object-Matching Task 
Robots and participants sat in front of a monitor that showed them 
three different objects at a time (e.g., A – table, B – truck, C – 
goldfish). Then, they were shown a fourth object (e.g., D – fish). 
Their goal was to choose which object D was most similar to (see 

Figure 4). All agents give their answers privately. Then, when 
participants pressed the “Next” button, their answers appeared 
below their names. Agents were allowed to review this for five 
seconds before the program progressed to the next trial. 

On one third of the trials, the answer was obvious, as in the 
example in Figure 4. On the other two thirds of the trials, the 
answer was ambiguous (e.g., matching a fancy cake to wine, an 
onion, or a brain). This was done so that participants would not be 
certain of how well they were performing. 
Robots gave the same answer as participants 60-90% of the time 
whether the answer is obvious or ambiguous (see Table 1). The 
other 10-40%, they chose a random alternative answer. Diverse 
robots chose answers independently of each other. Entitative 
robots always chose the same answers.  

 
Figure 4. Screenshot from the object matching task (Single 

Robot condition). 

3.5 Measures 
Participants answered questions about robots on seven point 
Likert scales from 1 (Strongly Disagree) to 7 (Strongly Agree). 

Entitativity Manipulation Check. Entitativity of robots was 
measured using a combination of questions from several different 
scales [33, 36, 38-43]. Questions were combined to create 
measures of overall entitativity (e.g., “This group of robots should 
be thought of as a whole”).  

Threat. We measured how much threat participants felt from the 
test by examining their perceived Fairness (e.g., “Do you think the 
robots will judge your skill fairly/appropriately?”). Responding 
that the robots would judge less fairly indicates that participants 
felt threatened by the robot’s potentially unfair judgment in the 
situation. This measure was created specifically for the study. 
Emotions. A direct measure of emotion toward robots was used 
(e.g., “I fear robots;” “I respect robots”) [44].  
Attributions of Mind. Participants’ attribution of mind to the 
robot was measured with Kozak, Marsh and Wegner’s [25] scale. 
The scale is distributed into two subscales: social intelligence 
(e.g., these robots “have goals”) and social emotion (e.g., these 
robots “are capable of emotion”).  
Willingness to Interact. Participants were asked, if they were in 
various contexts (e.g., “home,” “factory”), how much they would 
want to interact with robots. This measure was taken from 
previous research [17]. 
Entitativity and Country. Questions were created from literature 
on general, dynamic, and static entitativity [33, 36, 38-43] to 
create measures of the concepts. For example: General Entitativity 
(e.g., “This group of robots should be thought of as a whole”), 
Dynamic Entitativity (e.g., “These robots are affected by 
behaviors of other members of this group of robots”) and Static 



Entitativity (e.g., “These robots have similar physical 
appearances”).  

Demographics. Demographics (age, gender, field of study, 
technological experience) were also recorded. 

4. RESULTS 
Data were analyzed using SPSS, generally with 3 (Condition) x 2 
(Country) ANOVAs. Inspection of the dependent variable 
distributions revealed no marked departures from distributional 
assumptions. Bonferroni corrections were used for post hoc tests.  

4.1 Participants 
Participants were students in the USA (N = 88) and Japan (N = 
85). In the USA, they were recruited through the psychology 
participant pool and were paid in one psychology credit for class. 
In Japan, there was no participant pool, so participants were 
recruited through flyers and word of mouth and were paid 500 
Japanese yen. 
Participants were spread approximately evenly across Condition 
(Single, Entitative, Diverse) in both Countries (USA: 30, 30, 28; 
Japan: 28, 28, 29 respectively). Participants were an average age 
of 20.1 in the USA and 21.6 in Japan, with 41% female in the 
USA and 12% female in Japan. 

Because gender differed across countries but was not a factor of 
interest in this study, we explored if gender affected the results by 
performing t-tests with gender as the independent variable for 
each of the reported measures. One participant identified as 
“trans.” Because we did not have enough trans participants to 
include this as its own group, this data was excluded from the 
gender t-tests (but was included in all tests in which gender was 
not a variable of interest). In all but two cases (i.e., positive 
emotion, social intelligence), gender did not significantly affect 
the results (ps > .010). We report the significant differences in the 
respective sections and perform follow-up 2 (Gender) x 3 
(Condition) ANOVAS to determine if gender affected the results 
further. We did not perform 2 (Gender) x 3 (Condition) x 2 
(Country) ANOVAs because the resulting groups would have 
been too small to reasonably interpret. 

4.2 Manipulation Check 
First, a manipulation check tested the effectiveness of the 
entitativity manipulation between the Diverse and Entitative 
conditions (i.e., did participants rate the entitative condition as 
overall more Entitative than the Diverse condition). Conditions 
affected perceived entitativity (F(1, 110) = 19.93, p < .001, np

2 = 
.153). The Entitative (M =4.94, SD = 0.92) robots were rated as 
more entitative than the Diverse robots (M = 4.19, SD = 0.88). 
There was no main effect of Country (F(1, 110) = 1.72, p = .190) 
or interaction effect between Condition and Country (F(1, 110) = 
1.81, p = .182). 

4.3 Conditions 
4.3.1 Threat 
Test Fairness differed depending on Condition (F(2, 162) = 3.41, 
p = .035, np

2 =.040; see Figure 5). Participants in the Diverse 
condition (M = 4.38, SD = 1.01; p = .027) rated the test as more 
fair than those in the Entitative Condition (M = 4.13, SD = 1.07), 
indicating as predicted higher threat in the Entitative condition. 
No differences were found between the Single condition (M = 4.4, 
SD = 0.95) and Entitative (p = .463) or Diverse (p = .656) 
conditions. No effect was found for Country (F(1, 162) = 0.083, p 
= .779) or interaction between Condition and Country (F(2,167) = 
0.79, p = .458). 

 
Figure 5. Ratings of test fairness (as a measure of Threat) 

across Condition. *Error bars denote SD 

4.3.2 Emotions  
First, we verified that the Emotion scale yielded a positive and a 
negative scale using factor analysis (with Varimax rotation with 
Kaiser Normalization). The analysis indicated two main factors of 
emotions: Positive emotions (happy, respect, security, sympathy, 
and excited) and Negative (disgust, fear, pity, anger, anxiety, sad, 
uneasy). We created one scale of positive emotions and one of 
negative emotions by averaging the ratings that most strongly 
correlated with the respective factors. 

Positive emotions differed depending on country (F(1, 167) = 
43.24, p <.001, np

2 =.206). USA (M = 2.83, SD = 0.63) 
participants rated robots more positively than Japanese 
participants (M = 2.17, SD = 0.68). No effect of Condition 
(F(1,167) = 1.53, p = .220) or interaction between Condition and 
Country were found (F(1,167) = 0.04, p = .962). 

A t-test (equal variances not assumed; p = .038) also indicated a 
marginal effect of gender on positive emotions (t(97.94) = -1.98, p 
= .051) with females (M = 2.67, SD = 0.62) reporting higher 
levels of positive emotions than males (M = 2.44, SD = 0.76).  

Negative emotions were rated marginally differently across 
Conditions (F(1, 167) = 2.51, p = .084, np

2 =.029). Robots were 
rated marginally less negative in the Single (M = 1.76, SD = 0.64) 
than Entitative (M = 2.02, SD = 0.66; p = .086) condition. There 
was no difference between Diverse (M = 1.84, SD = 0.62) and 
Single (p = .863) or Entitative (p = .370) conditions and no effect 
of Country (F(1, 167) = 0.72, p = .397) or interaction between 
Condition and Country (F(1, 167) = 1.81, p = .167). 

4.3.3 Attributions of Mind  
4.3.3.1 Intelligence. 
Condition affected ratings of robot intelligence (F(2, 167) = 3.27, 
p = .012, np

2 =.051; Figure 6). Participants rated Single robots (M 
= 3.32, SD = 1.39) as significantly less intelligent than robots in 
Diverse groups (M = 3.93, SD = 1.31; p = .017) and marginally 
less intelligent than robots in Entitative groups (M = 3.81, SD = 
1.30; p = .065). No difference was found between robots in 
Entitative and Diverse groups (p = 1.00). 

Country also affected ratings of intelligence (F(1, 167) = 75.37, p 
< .001, np

2 =.311). Japanese participants rated robots as more 
intelligent (M = 4.44, SD = 1.13) than USA participants (M = 
2.95, SD = 1.14). 

A t-test (equal variances assumed; p = .921) also indicated an 
effect of gender on ratings of intelligence (t(170) = 2.48, p = .014) 
with females (M = 3.28, SD = 1.34) rating robot intelligence as 
lower than males (M = 3.85, SD = 1.33).  



 
Figure 6. Ratings of robot intelligence across Condition and 
Country. *Error bars denote SD; main effects of Country 

occurred, but are not indicated in the figure. 

4.3.3.2 Social Emotion. 
Condition significantly affected ratings of robots’ social emotion 
(F(2, 167) = 4.87, p = .009, np

2 = .055; Figure 7). Participants 
rated Diverse Groups (M = 3.05, SD = 1.06; p = .012) as having 
significantly more mind than Single Robots (M = 2.47, SD = 
0.96). No differences were found between Entitative (M = 2.86, 
SD = 1.05) and Single (p = .112) or Diverse (p = .987) robots. 
No effects of Country (F(1, 167) = 0.67, p = .413) or interaction 
between Condition and Country (F(1, 167) = 0.80, p = .454) were 
found. 

 
Figure 7. Ratings of robot social emotion across Condition and 

Country. *Error bars denote SD. 

4.3.4 Willingness to Interact 
Condition showed a marginal effect on willingness to work with 
robots (F(2,167) = 2.40, p = .093, np

2 =.028). Participants were 
marginally more likely to want to work with robots in the Diverse 
(M = 3.56, SD = 0.58) than Single (M = 3.31, SD = 0.67) 
condition (p = .089). The Entitative condition (M = 3.45, SD = 
0.66) did not differ from the Single (p = .611) or Diverse (p = 
1.00) conditions. 
There was no effect of Country (F(2,167) = 0.20, p = .658) or 
interaction between Condition and Country (F(2,167) = 1.55, p = 
.215). 

4.4 Country and Type of Entitativity 
Using the three Types of Entitativity (General Entitativity, 
Dynamic Entitativity, Static Entitativity), a repeated measures 
ANOVA with each type of entitativity as the repeated measures 
tested if participants from different countries varied in how they 
rated the types of entitativity depending on robot Entitativity 
condition (i.e., Diverse, Entitative – this measure was not included 
for the Single Robot condition because entitativity was measuring 
the cohesiveness of groups, not of individuals). Sphericity was 

violated (p = .005) so a Greenhouse-Geisser test was performed 
with appropriate corrections.  

Robots were rated differently across the different types of 
entitativity (F(1.83, 66.02) = 5.42, p = .006, np

2 = .048). General 
Entitativity (M = 4.57, SD = .98) was rated significantly lower 
than Static Entitativity (M = 4.81, SD = .87; p = .005) and 
marginally lower than Dynamic (M = 4.70, SD = .93; p = .069). 
Dynamic was marginally lower than Static Entitativity (p = .085). 
Country and Type of Entitativity had a marginally significant 
interaction effect (F(1.83, 66.02) = 3.03, p = .055, np

2 = .027) with 
USA participants rating robots higher on General and Dynamic 
Entitativity, but not on Static Entitativity, than Japanese 
participants (See Figure 8). 

There was no interaction effect of Condition and Type of 
Entitativity (F(1.83, 66.02) = 0.10, p = .892) or Country, 
Condition, and Type of Entitativity (F(1.83, 66.02) = 2,08, p = 
.133). 

Linear regression found no relationship between ratings of 
different Types of Entitativity on Positive or Negative emotions 
for participants overall or for participants of one or the other 
country (ps > .100).  

 
Figure 8. Ratings of different Types of Entitativity across 

Conditions and Country. *Error bars denote SD. 

5. DISCUSSION 
5.1 Manipulation Check 
The manipulation check indicated that the Condition manipulation 
succeeded; participants perceived robots in the Entitative 
condition to be more entitative than robots in the Diverse 
condition.  

5.2 Conditions 
Overall, the data partially support the hypotheses – that is, the 
Entitative groups, compared to Diverse groups and Single robots, 
were seen as more threatening. Compared to Single robots, they 
were also seen as more negative. Diverse groups of robots, 
compared to Single robots, were viewed as having more mind, 
and participants were more willing to interact with robots in the 
Diverse condition. These findings are discussed in more detail 
below. 
The sections will focus on the differences across conditions, and 
in the last paragraph of each section will include differences 
between countries. 

5.2.1 Threat 
Threat from the robots was measured with perceptions of how fair 
the test was (i.e. because responding that the robots would judge 
less fairly indicates that participants felt threatened by the robot’s 
potentially unfair judgment in the situation). The data supported 



the hypothesis that participants would rate the test as less fair in 
the Entitative than Diverse condition. This suggests that 
participants felt more threat from the Entitative than Diverse 
groups of robots, paralleling research with humans [45, 46]. No 
other effects were found on Test Fairness. 

Country. USA participants rated themselves as having performed 
better than Japanese participants. These results are in line with 
prior findings that people from Western cultures rate themselves 
more positively than people from Eastern cultures [47]. 

5.2.2 Emotions  
As expected, the overall emotion scale yielded two factors: 
positive emotions and negative emotions. As in previous studies, 
conditions did not affect positive emotions [17, 48].  
As hypothesized, conditions affected negative emotions (but only 
with marginal significance). In the Entitative condition, 
participants rated robots as more negative than in the Single 
condition. No other effects are found. This indicates that robots 
may be viewed as more negative when they are seen as 
threatening (see above section). Again, this parallels research on 
entitativity in human groups [46]. 

Country. USA participants rated robots more positively than 
Japanese participants. This is in contrast to prior work suggesting 
that Japanese people feel more positively toward robots than 
Westerners [49]. However, a test of the effects of gender on 
positive emotion also indicated that females reported marginally 
more positive emotion toward robots. The more positive results in 
the USA may therefore be due to greater percentage of female 
participants in the USA compared to Japan. Another possible 
explanation is that participants prefer robots that fall in line with 
their cultural values [50], and these robots, being built by 
Westerners, may inadvertently be preferred by Westerners. 
Because this is beyond the main topic of the paper, we will not 
speculate further here. 

5.2.3 Attributions of Mind  
Diverse groups of robots were viewed as more intelligent and 
socially capable than Single robots. As hypothesized, this suggests 
that having robots in diverse groups increases the perceptions of 
those robots’ mind. This parallels findings in social psychology 
[22]. To create more anthropomorphic-seeming robots, designers 
may have them interact in diverse groups. Research has yet to 
show if this works only in diverse robot groups or if a robot in a 
group of non-robots would also be viewed as having more mind. 

Country. Country also affected ratings of intelligence. Japanese 
participants rated robots as more intelligent than USA 
participants. This difference may be due to the effect of gender 
(i.e., male participants rating robots as more intelligent than 
female participants). Future studies may examine whether country 
or gender has a larger effect on ratings of intelligence of robots. 
However, these differences were not hypothesized in this study, 
and we will not speculate further until other studies have 
confirmed this difference. 

We also note that overall, participants disagreed that the robots 
had mind (i.e., ratings of mind were very low). If the study were 
replicated with more humanlike robots or robots that were 
considered to have more mind, the findings might be more 
pronounced. 

5.2.4 Willingness to Interact 
As hypothesized, participants reported more willingness to 
interact with robots in the Diverse than Single condition (though 
this is only marginally significant). This indicates that making 
robots part of a diverse group of robots may make people more 

accepting of robots in general – but this should be confirmed in 
future studies. 

Country. Country did not affect willingness to interact with 
robots. 

5.2.5 Overview 
Overall, these findings provide further support for differential 
effects between interactions with single robots and robot groups. 
In particular, they indicate that the entitativity or diversity of robot 
groups significantly affects perceptions of them and willingness to 
interact with them in the future. Compared to single robots, 
entitative groups of robots were perceived as more threatening 
and negative. Conversely, compared to single robots, diverse 
groups of robots were perceived as having more mind, and 
participants were more willing to interact with them. 

Robot Design. These findings can be applied to the design of 
robots: Robots that need to be taken more seriously can be made 
entitative in groups, whereas robots that people are supposed to 
enjoy interacting with can be made diverse in groups. 

Overall, Country had few effects on these major findings, and it 
did not interact with Condition. This indicates that these effects of 
entitativity and diversity extend across cultures, at least with these 
student samples. 

5.3 Country and Type of Entitativity 
We divided the entitativity measure into three Types of 
Entitativity (General, Dynamic, Static) to match with suggestions 
from previous literature that entitativity differs across cultures 
[33]. The results indicated that participants perceived types of 
entitativity differently across cultures, partially supporting the 
hypothesis. Specifically, USA participants rated robots higher on 
General and Dynamic Entitativity, but not on Static Entitativity, 
than Japanese participants.  
Contrary to the hypothesis, this study found no effect of ratings of 
different Types of Entitativity on ratings of emotions toward 
robots (positive or negative) either overall or for participants of 
one or another country. This is surprising, given that previous 
literature typically indicates that dynamic entitativity is more 
salient in Eastern cultures whereas static entitativity is more 
salient in Western cultures [33]. It may be that specific questions 
included in these measures, while taken from factors of 
importance identified in previous literature, are not representative 
of general, dynamic, and static entitativity. Furthermore, the 
overall level of dynamic and static entitativity perceived in the 
robots may not have been sufficient to affect user responses. 
Future studies should test and identify scales that will effectively 
measure each type of entitativity. 

5.4 Limitations and Future Studies 
Our experiment found differences between group and single 
robots in the predicted directions at the p < .10 level (e.g., in 
perceived test fairness, negative emotions toward robots, 
willingness to interact with the robots). Given that the differences 
were in the predicted direction, and that the robots could be seen 
as having minimally threatening forms and behavior, we conclude 
that when more threatening robots (e.g., factory robots) or a more 
threatening context are used, the differences will be magnified. 
We suggest future research should extend these results to such 
more threatening situations to determine the extent to which the 
robots may affect feelings of threat and willingness to interact.  

Our conclusions do, however, show that interactions with multiple 
robots will likely be different (e.g., more threatening) than 
interactions with individuals.  These conclusions are important 
because robots will most likely be working in groups in the real 



world and the factors we identify could be of specific interest in 
those cases. When robots actually interact with participants in 
everyday spaces, they will likely be seen as even more threatening 
(e.g., “robots will take my job”). The effects of robot entitativity 
in these circumstances will influence people to accept or reject 
robots in their lives (or approach or avoid them). These results 
were similar across cultures, so we can expect group dynamics to 
be an important factor in human-robot interaction design across 
cultural contexts.  

Future studies should also examine how entitativity and diversity 
of robot groups affect perceptions of robots when the robots are 
there to help people. In collaborative settings, people may be more 
trusting of entitative robots (e.g., because the robots will be 
perceived as coordinated and effective) [39]. 

Different types of robots should also be examined. It is likely that 
larger robots will be considered more threatening, and the effects 
of entitativity will be stronger with these robots, compared to 
robots in the present study. Depending on context, the human 
likeness of robots may also make the robot seem more intelligent, 
which may increase stress toward humans. For example, 
intelligent beings may be better able to judge us, or it may 
threaten our optimal distinctiveness (i.e., we like to think we are 
unique) [51]. These effects should also be tested. 

The only differences this study identified between entitative and 
diverse groups of robots was in the threat measure; that is, 
participants found the entitative groups to be more threatening 
than the diverse groups. Other differences were not found. It may 
be that the threat induced by the entitativity manipulation was not 
enough to affect the other measures. It may also be that 
differences in perceptions of the robots’ mind across conditions 
affected perceptions of threat. Future studies should use larger 
sample sizes or more threatening robots to determine how these 
types of robot groups differ from each other. They should also use 
different manipulations of robot entitativity.  

In this study, Country did not interact with the effects of 
Condition. In future studies, more countries should be included to 
examine the universality of these findings. 

To more closely examine how different types of entitativity may 
affect people from different countries differently, more robust 
scales of each type of entitativity should be created and tested. 
Another potential reason for not finding these differences was that 
university students were used in both countries. Often, university 
students behave differently from the remainder of the population 
[52]. Future studies might test differences in the effects of 
perceived entitativity for the broader population. 

6. CONCLUSION 
Robots are already being used in education, healthcare, work, and 
home environments, but due to negative group effects, these 
robots may not reach their full potential to assist humans. 
Furthermore, while designing robots to look and act completely 
the same might be more technically and economically expedient, 
the effects of entitativity can be negative in certain situations, 
requiring more diversity in robot appearance and behavior. 
Developing a study of intergroup interaction in HRI is critical for 
developing robots that reach and exceed expectations for 
enhancing human daily lives. 

This study indicates that the entitativity and diversity of robots in 
groups affects how people perceive them and how willing they are 
to interact with them. Future studies should examine how the 
context relates the effects of entitativity in robot groups. 
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