
  

 

 

Abstract— With robots becoming more prevalent in daily life, 

it is important to understand human attitudes toward robots 

not only when humans interact with them directly, as most 

research examines, but also when people are indirectly exposed 

to robots performing nonsocial tasks (e.g., cleaning) in their 

vicinity. Because minimalistic robots are at present more likely 

to be found in households than human-like robots, this study 

examined human reactions to nonsocial, nonanthropomorphic 

robots. The specific focus of this study was on how robot 

communication style during human-robot co-location affects 

human perceptions of a group of robots. This paper also 

evaluates the relationship between participants’ scores on the 

Negative Attitudes toward Robots Scale (NARS) and their 

behavioral response to and perceptions of robots in their 

environment. Our results suggest that robot communication 

style did not affect perceptions of robots and that responses on 

the NARS may not translate directly to behavior toward robots. 

I. INTRODUCTION 

Robots are expected to become increasingly present in 
everyday contexts such as the workplace, home, and public. 
Many human-robot interaction (HRI) experiments use 
sophisticated, anthropomorphic robots (e.g., Robovie, PR2), 
but because they are expensive to build, buy, and repair, 
these robots are less likely to be widespread in households in 
the near future than are robots with more minimalistic (e.g. 
PARO) and functional (e.g. Roomba) designs. Indeed, many 
households already have one or more of these simpler robots. 
Our study focuses on evaluating human interaction with 
minimalistic robots, more closely approximating situations 
that are likely to occur in the present or near future. 

Current research generally focuses on humans interacting 
with robots directly and one-on-one (e.g., [1]). With the 
proliferation of everyday applications of robots in our future, 
however, we can expect people to come into contact with 
multiple robots simultaneously. Initial research suggests that 
human interactions with multiple robots may have different 
social dynamics than one-on-one interaction and deserve 
further study [2, 3]. Furthermore, while humans may be co-
present with multiple robots at once, their interactions may 
not always be direct, particularly if the robots are performing 
non-social tasks (e.g., people may not directly interact with a 
Roomba as it vacuums). People may still be affected by their 
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exposure to such robots and the different ways in which the 
robots behave towards and communicate with each other. 
Research has yet to examine how people will react to robots 
that are present in the environment and interacting with other 
robots, but not directly engaged with people.  

This paper engages with the open-ended questions 
described above by seeking to improve our understanding of 
how perceptions of robots are affected by indirect exposure 
to a group of robots with different supposed communication 
styles (silent, aloud, none). We draw on related research in 
social psychology due to the lack of research on these topics 
in HRI. Evaluation of perceptions involved explicit 
subjective and actual behavioral measures, giving us the 
opportunity to compare different explicit measures of 
attitudes toward robots (the Negative Attitudes toward 
Robots Scale (NARS), Godspeed Questionnaire, and 
Semantic Differential Questionnaire) with behavior. Due to 
interesting patterns found in participant responses to the 
NARS in relation to the other measures, we examine these 
measures more closely in the paper.  

II. BACKGROUND 

A. Group Effects in Interaction 

HRI researchers have found that people often treat robots 
similarly to how they treat people in human-human 
interaction (HHI) [4]. Sometimes, humans venture to treat 
robots as ingroup or outgroup members depending on cues 
(e.g., the robot’s origin) [1], even in arbitrarily assigned 
groups (minimal groups paradigm [5]). These findings 
suggest that insights from social psychology on inter- and 
intra-group attitudes and behavior can be applied to HRI. 

When people categorize others, they often rely on 

stereotypes about the other’s “category,” rather than on the 

individual’s traits [6]. This can lead to more negative 

attitudes toward minority groups because negative 

information is weighted more strongly and remembered more 

distinctly [7]. These effects are especially strong in relation 

to unfamiliar groups [6]. At this time, robots may be treated 

as a minority group in interaction because most people 

experience little interaction, especially of a social nature, 

with robots. This unfamiliarity may make robots particularly 

susceptible to being stereotyped and remembered for 

negative traits or events regarding them. The often-negative 

portrayal of robots in the media in Western cultures (e.g., 

Terminator) is expected to fuel such negative stereotypes[8]. 

In group interaction, not only perceptions but behaviors 

are influenced by group categories and stereotypes. In HHI, 
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participants acted more aggressively toward outgroups when 

in groups than individually [9]. When humans treat robots 

like humans, and especially when they categorize robots as 

outgroups, this negative side of group behavior in HHI may 

also transfer to behavior in HRI. To facilitate useful HRI, 

especially as robots in daily life increase, it is critical to 

examine under which conditions humans socially categorize 

robots (particularly as outgroup members), when prejudice 

against robots arises, and how to decrease such negative 

attitudes. This study begins to examine these questions. 

B. Effects of Communication among Robots 

Robots in groups may need to communicate with each 

other, but research has yet to examine how people respond to 

varied robot communication styles, or if they prefer for 

robots not to communicate at all. Prior research in social 

psychology suggests that robot communication style has 

potential to influence human attitudes toward robots. 

When robots communicate with each other, they may be 

seen as a more cohesive or entitative group than when they 

have no communication. This may be dangerous because in 

HHI, seeing outgroups as more entitative typically increases 

the saliency of the members’ outgroup status [10]. When 

outgroup salience increases, so too does the extent to which 

people view the outgroup as capable of collective action, and 

especially negative collective action [7]. In HRI, this may 

increase negative attitudes and behavior toward robots. 

Uncertainty tends to make people uncomfortable [11], 
and there is always some uncertainty about new technology. 
Some communication styles may remind people that they do 
not fully understand the robots’ behavior. Previous research 
indicates that when humans do not know or cannot clearly 
hear what others are saying, they act more paranoid and 
unfriendly [12, 13]. In robot communication, people may 
think that robots are “talking behind their backs” (e.g., 
through the Internet or code that the human cannot 
understand) and thus perceive the robots as more 
threatening. Prejudice against outgroup members increases 
when individuals and groups perceive their own identities, 
values, goals, or success threatened by the outgroup [10], 
and Westerners already tend to believe that robots “will take 
their jobs” and threaten their identities [8]. Thus, perceived 
robot communication style may affect prejudice against 
robots while using preferred styles may improve the 
integration of robots into society. 

C. Measuring Perceptions of Robots in HRI 

Research in HHI suggests that attitudes and emotions 

toward a particular subject influence behavior toward that 

subject [14]. To measure negative attitudes toward robots, 

which may hinder interactions with them, scholars developed 

the Negative Attitudes towards Robots Scale (NARS). 

Researchers often use the NARS to assess general attitudes 

toward robots at the beginning of an experiment or changes 

in these attitudes before and after a study, but have had 

limited success in predicting user behavior toward specific 

robots. For example, although most participants predicted 

that they would be anxious interacting with a robot, only half 

of them reported anxiety after actually interacting with a 

robot [14].  NARS subscales have shown relations to a small 

portion of behaviors measured by researchers; Japanese 

participants with higher scores on certain NARS subscales (1 

and 2, described in Section III C) were more likely to avoid 

talking about personal topics during interaction with a robot 

than those with lower scores [15]. Furthermore, the results of 

implicit measures have disagreed with the results of explicit 

measurement of attitudes toward robots [16]. These 

inconsistencies in the relationship between participants’ 

explicit attitudes and actual behaviors toward robots inspired 

us to closely evaluate these dynamics in our study. 

III. METHOD 

A. Study Design 

An experimental between-subjects design was used to 
study the effect of the presence of a group of robots and of 
their communication styles on human attitudes and behavior 
toward them. Participants were exposed one of four 
conditions – No Robots (NR) or three iCreate robots (Fig. 1) 
with varied supposed communication styles: No 
Communication (NC), Loud Communication through beeps 
(LC), and Silent Communication via the Internet (SC). 

 

Figure 1. iCreate robot used in study. 

We expected that the presence of iCreate robots would 
inflate negative attitudes toward robots as measured by 
explicit measures and behavioral avoidance of robots. In this 
study, we used three iCreates because studies have shown 
competitive interactions (prisoner’s dilemma tasks) in groups 
of two to be indistinguishable from those in larger groups 
[17]. We expected that robots might be seen as (nonhuman) 
outgroups; therefore, making the robots’ outgroup status 
more salient and increasing the apparent entitativity of the 
robots by telling participants they communicated through 
nonanthropomorphic means (e.g., via beeps or the internet) 
might increase negative attitudes and behavior toward 
robots. We also expected that increased time between the 
NARS Pretest and Posttest would better illuminate 
differences in attitudes toward robots among conditions.  

We hypothesized that attitudes toward robots, from most 
to least positive, would vary according to condition as NR > 
NC > LC > SC. We also expected attitudes toward robots, as 
measured explicitly (by the NARS, Godspeed, and Semantic 
Differential Questionnaire) and behaviorally by the 
avoidance measure would be closely related. 

B. Participants 

Participants were 55 students (about 14 participants per 
condition) aged 18 to 47 (M = 23, SD = 5.217) with 22 



  

males, recruited via email and poster advertisements. Most 
participants felt comfortable with computers with only 4 
reporting that they “use technologies minimally.” Twenty-
nine participants reported no technical training, but comfort 
using computers on a daily basis, and 22 reported to have 
“academic or professional training in areas related to 
engineering and/or computer science.” All participants had at 
least a high school diploma, and experience in various fields 
of study (27 Humanities, 15 Science, 13 Computer Science). 

C. Materials 

This study included questionnaires commonly used in 

HRI studies, as well as a behavioral measure, to examine 

participant attitudes toward robots in general and the specific 

robots to which they were exposed. Both subjective and 

behavioral measurements were used because people are often 

not able to recognize or predict their own feelings [16], and 

negative attitudes do not always lead to negative behavior. 

Multiple measures can also produce a richer understanding 

of participant attitudes toward robots.  

Three explicit measures were administered in this study. 

The NARS measured attitudes toward robots in general, and 

included subscales related to the situation of interaction (S1), 

social influence of the robots (S2), and emotion in robots 

during interactions (S3) [14]. The Godspeed Questionnaire 

measured perceptions of the specific robots participants saw 

including of anthropomorphism, animacy, and likeability 

[18], and the Semantic Differential Questionnaire measured 

similar perceptions of various specific robots. The 

behavioral measure was physical avoidance of a robot (i.e., 

how far participants stayed from robots when required to 

move past them). Along with answering our substantive 

question regarding robot communication and group effects in 

HRI, comparison of the multiple measures allowed us to see 

how they relate and which measures best predict behavior. 

D. Procedure 

At least 24 hours before participation, subjects completed 
the NARS to assess general attitudes toward robots before 
the encounter. This Pretest was administered before 
participants entered the lab as in [19] because giving recent 
conscious thought to one’s attitudes can influence 
performance on subsequent attitude-related tasks.  

The study took place in the R-House Living Lab, a 
naturalistic research space (see Fig. 2). Participants sat on 
the couch and signed the informed consent form. They were 
told that robots may move around the house collecting data 
and communicating with each other in a particular manner 
(as per condition), supposedly for a sustainability project. 

The experimenter then left the room, and participants 
completed surveys on a laptop about their demographic 
information and prior experience with robots. In the robot 
conditions, three robots, controlled with the Wizard of Oz 
technique, entered the room approximately one minute after 
participants began the survey and moved in a pseudo-random 
manner. The robots paused and beeped while they “collected 
data” for the remainder of the study. In the LC condition, 

robots, one after another, made additional beeps between 
data collection.  

Participants were instructed that partway through the 
survey, they would be asked to draw a slip of paper from a 
container across the room and to enter the number it 
contained into the computer. They were told that this was to 
randomize survey order, but in actuality, it was to measure 
participant avoidance of a robot. Shortly before participants 
would be asked to draw a number, in the Robot conditions, 
one robot moved to a predetermined location that was 
directly in the participant’s path to the container. Videos 
were recorded and later measured for how far the 
participants’ nearest foot fell when moving around the robot. 

Next, participants completed a Semantic Differential 
Questionnaire to measure their attitudes toward four different 
robots: Aibo, Geminoid, Kismet, and Roomba. Participants 
then completed the NARS again to evaluate changes (in 
relation to the Pretest) in attitudes toward robots. Finally, 
participants in Robot conditions completed the Godspeed 
Questionnaire to evaluate the robots they saw and wrote what 
they thought the robots were doing and if the robots acted as 
a group, independently, or were remotely controlled. Finally, 
participants were debriefed and remunerated. The study 
lasted less than 30 minutes. 

 

Figure 2. R-House Living Lab with three iCreate robots. 

IV. RESULTS 

Data were analyzed in SPSS, and statistical significance 
was taken at the p < .050 level. 

A. Manipulation Check 

Participants did not explicitly report the expected 
differences in robot communication style among condition. 
A chi squared test revealed that condition related to correct 
responses that the robots were communicating (Χ

2
(2, 41) = 

9.008, p = .011; amount correct = NC 5/14; LC 10/13, SC 
3/14) with most participants correct in the LC condition. 
Regardless of condition, a nonsignificant trend suggested 
that most participants thought the robots were 
communicating aloud (N = 19 versus 8, 7, and 5 for no 
communication, silent communication, and “don’t know” 
respectively; Χ

2
(6, 41) = 10.140, p = .119). 

Only 8 of 41 participants (less than chance) in the Robot 
conditions (NC, LC, SC) guessed that the robots were 
controlled remotely. A chi squared test revealed that 
condition did not affect how participants thought the robots 



  

were acting (i.e., independently, as a group, controlled 
remotely; Χ

2
(6, 41) = 9.437, p = .150).  

B. Attitudes toward Robots 

Attitudes toward robots did not differ among conditions. 
A repeated measures ANOVA on Condition and NARS 
Subscale (S1 interaction, S2 social influence, S3 emotion) 
revealed that communication style (NC, LC, SC) did not 
affect attitudes toward robots in general (F(9, 119.404) = 
0.485, p = .882), and did not interact with the Pre/Posttest 
NARS (F(9, 119.404) = 0.551, p = .835). Communication 
style also did not affect ratings on the Semantic Differential 
Questionnaire of different specific robots or as examined by 
a repeated measures ANOVA (F(60, 96.305) = 1.191, p = 
.220) or perceptions of robots they saw as measured by the 
Godspeed Questionnaire (F(10, 64) = 1.195, p = .311).  

Due to technical issues, four videos could not be 
analyzed for avoidance of the robot. In the remaining videos, 
the closest participants came to robots when crossing the 
room was categorized (less than half a foot, less than or 
equal to one foot, or greater than one foot). A chi square test 
found no relationship between Condition and behavioral 
avoidance of the iCreates (Χ

2
(4, 39) = 6.871, p = .143). 

Pre/Posttest attitude measurement did affect Subscales 
and the overall NARS. It did not meet Sphericity 
assumptions so Greenhouse-Geisser correction was used. 
Pre/Posttest did not affect S1 (F(1, 51) = 1.390, p = .244), 
but it did affect S2 (F(1, 51) = 8.389, p = .006, ɳ

2
 = .141), 

S3 (F(1, 51) = 574.720, p < .001, ɳ
2
 = .918), and the overall 

NARS (F(1, 51) = 194.437, p < .001, ɳ
2
 = .792; see Fig. 3). 

No gender effects were found.  

 

Figure 3. Average NARS scores during Pretest and Posttest (Error bars are 
2 * Standard Error). 

C. Explicit Measures 

Pearson’s correlations were run to examine relationships 
between variables within the NARS and between the NARS 
and other HRI scales used in our study. The overall NARS 
Pretest, Posttest, and Subscales tended to correlate with each 
other. The exceptions were that in the Posttest, S1 (situation) 
did not correlate with S3 (emotion) and no component of the 
NARS Pretest correlated with S3 component of the Posttest. 

Positive Semantic Differential Questionnaire responses 
about specific robots correlated positively with negative 
NARS responses. Friendliness correlated positively with S1 
of the NARS Pretest (r = 0.372, p = 0.005, n = 55) and S2 of 
the NARS Posttest (r = 0.403, p = 0.002, n = 55). Responses 
about negativity (i.e., Useless, Stupid, and Negative) 

correlated negatively to the NARS S1 Pretest. This trend had 
one exception: Stupidity correlated positively with the 
NARS S3 Posttest (r = 0.290, p = 0.032, n = 55). Other 
correlations were not significant. 

Similarly, positive Godspeed Questionnaire responses 
about co-located robots correlated with negative NARS 
scores. Likability correlated positively only with the NARS 
S2 (social influence) (Pretest: r = 0.396, p = 0.012, n = 39; 
Posttest r = 0.337, p = 0.036, n = 39). Animacy correlated 
negatively with the S1 Pretest (r = -0.320, p = 0.047, n = 
39); other correlations were not significant. 

Robot Likeability in the Godspeed and Semantic 
Differential Questionnaires, but not NARS scores, related to 
behavior. Participants were divided into High and Low 
groups according to NARS (as in [15]) and Likeability to 
compare the predictive power of the surveys. Chi squared 
tests revealed no relationships between NARS or subscale 
scores and behavioral avoidance of the iCreates on either the 
Pretest (Χ

2
(2, 37) = 1.239, p = .538) or Posttest (Χ

2
(2, 37) = 

0.621, p = .733). Conversely, participants who rated robots 
as Likeable on the Godspeed were more likely to walk 
between six and twelve inches from the robot while 
remaining participants tended to walk closer or farther (Χ

2
(2, 

37) = 12.697, p = .002). Participants who rated robots more 
Likeable on the Semantic Differential Questionnaire tended 
to walk less than 6 inches from the robots and others tended 
to walk further from the robots (Χ

2
(2, 37) = 7.153, p = .028). 

V. DISCUSSION 

A. Manipulation Check 

One limitation of our study is that participants tended to 
report that the robots were communicating aloud, rather than 
silently or not at all, in all conditions. This was strongest in 
the LC condition, as desired. No other differences in guessed 
communication style were found among conditions, 
suggesting that the communication style manipulation should 
be stronger in future studies (e.g., robots in NC and SC 
conditions might remain silent even when “collecting data”).  

B. Attitudes toward Robots 

The little differentiation observed of communication style 
among conditions may relate to the nonsignificant 
differences found in participant attitudes toward robots 
among conditions as measured by the explicit (NARS, 
Godspeed, Semantic Differential Questionnaires) and 
behavioral (avoidance) measures. The lack of variation 
between No Robot and Robot conditions suggests that 
human (university student) co-location with nonsocial 
nonanthropomorphic robots does not affect attitudes or 
anxieties toward robots even when robot outgroup status is 
emphasized by the use of machine-like communication. 

It may be important to remember that the context of these 
findings was during the short-term co-location of humans 
and robots, and that participants were busy taking surveys 
throughout the study. Similarly, in [20], when participants 
were engaged with a task, the embodiment of a social 
artificial agent (virtual or robot) did not affect compliance 



  

with it, rated preference for it, or interviews about it. It may 
be that when participants are engaged in a task, attitude 
variation among subtle conditions is reduced when measured 
explicitly and even behaviorally. Future studies might 
examine if implicit measures detect differences when 
participants are busy. These findings might also suggest that 
robots should stay in the background, rather than interacting 
directly with people, to be acceptable to humans. 

1) Implications for Outgroup Status of Robots 
If the iCreate robots in this study had been categorized as 

outgroups, negative attitudes toward them should have 
increased, as has been seen in HHI literature, in which even 
subtle cues of outgroups increases group salience and 
preference toward the ingroup [21]. Because attitudes did not 
differ by condition, it appears that the iCreates were not seen 
as outgroup members. This is likely due to their 
nonanthropomorphic form, nonsocial behavior, and task that 
did not relate to participants. These findings may relate to 
how we do not categorize “chairs” as outgroup members.  

Previous studies revealed group effects in HRI. The 
contrast to this study is likely due to social cues of 
intentionality in reference to the robots. Past studies included 
robots the researchers identified as belonging to existing 
human social categories (e.g., the robots were said to be 
Turkish in [22]). When humans and machines were 
arbitrarily assigned to groups (minimal group paradigm [5]), 
the experimental procedure included other cues as to the 
robot’s sociality (e.g., the robot was humanoid, verbally 
greeted participants, and had supposedly performed the task 
that participants would perform [1]). Nonanthropomorphic 
robots were sometimes treated as outgroup members when 
participants competed against them in a game [2], which may 
make the robots appear more intentional. Humans also seem 
to treat robot social cues such as gaze similarly to, but not 
the same as, they treat the same cues from a human [3]. 
Robots may fall on a continuum between humans and 
machines depending on cues like sociality and intentionality. 
Studies of HRI that do not verbally prime participants to see 
robots as human-like social entities, but allow the task and 
interaction to influence participants might produce results 
that are closer to how humans would interact with robots in 
their daily lives. 

Future studies should further examine the number and 
strength of cues required before group effects arise in HRI. 
Because robots are able to take different forms and perform 
a variety of tasks, discovering how and when they are 
experienced as social enough to induce group effects will 
help in designing robots that fit more seamlessly into society. 

C. Explicit and Behavioral Measures  

The second focus of this paper was on examining 
relationships among the three explicit measures and with the 
behavioral measure we used in the study. 

NARS scores decreased from the Pretest (outside the lab) 
to the Posttest (inside the lab). The universal shift toward 
positive scores suggests that the lab setting (e.g., interacting 
with a robotics researcher in a lab that is decorated with 
robot posters) or thinking about robots between Pre- and 

Posttests may have influenced this decrease. Studies in HHI 
show that simply thinking of interacting with outgroup 
members decreases intergroup anxiety [12]. Future research 
should test this finding in different lab settings and 
investigate the longevity of the positive shift in attitudes. 

To examine how NARS scores related to each other and 
to different popular surveys in HRI, correlations were run 
between the NARS scales and subscales of the Godspeed, 
and the Semantic Differential Questionnaires. It was also 
examined in relation to the behavioral measure. 

The NARS Pretest and Posttest overall and subscale 
scores tended to correlate positively with each other. The 
major exception was that that no Pretest score correlated 
with the S3 (emotion) component in the Posttest. This 
suggests that the emotion component was least consistent or 
most easily influenced of the subscales in this experiment. 

When participants rated specific robots (Godspeed and 
Semantic Differential Questionnaires) more positively, they 
tended to have more negative NARS scores. This is 
surprising considering that people who think positively of 
robots in general might be expected to think positively of 
specific robots as well. Our results suggest that people may 
rate specific robots against a baseline or standard idea of 
how positive they view robots in general. This is similar to 
the shifting standards paradigm in social psychology in 
which a person may rate the same individual differently 
depending on the standard of comparison [23]; a 5’7” 
woman may be tall for a woman, but short compared to 
Nordic people. Similarly, those who think negatively of 
robots in general may find specific robots more pleasant than 
they typically imagine. Supporting this, the NARS did not 
relate to behavioral avoidance of the specific robots, but 
measures about specific robots (with Godspeed and Semantic 
Differential Questionnaires) did. However, the behavioral 
measure should be interpreted with caution; because the 
robots were functional, participants may have avoided them 
to keep out of their way. Still, our results corroborate prior 
studies on the effect of expectations on HRI [4]. 

These findings suggest that researchers should use 
caution when interpreting the NARS. The NARS may be 
only one of many factors that should be used together to 
predict behavior. We also suggest that this may be an apt 
time to examine the NARS’ relationship to attitude and its 
predictive power on behavior in further detail because of its 
wide use in HRI studies in the past ten years. 

D. Using NARS in HRI Studies 

Nomura and colleagues [14] produced the NARS because 

attitudes and emotions toward a particular subject are 

expected to influence behavior toward that subject; negative 

attitudes toward robots may therefore hinder interaction with 

them. The NARS is often used to assess attitudes before an 

experiment or changes in attitudes, and a number of studies 

have used the NARS as a primary measure of attitude [24]. 

Prior research, as well as the study presented here, suggest 

that the NARS has limited predictive power of user behavior 

towards robots. Scholars have found that the NARS does not 

account for some of the strongest behavioral differences 



  

between participants. It did not explain why 8 of 60 

participants did not comply with a robot’s request that they 

touch it on the head, even when the sample was divided by 

gender or nationality [25]. It also did not relate to the 

number of happy facial expressions produced by participants 

when they were given head massages by a robot [26]. 

Although some studies suggest that increased exposure to 

robots increases positive attitudes toward them [24], a 

finding that is also predicted in HHI [12], the NARS does 

not always detect such differences [26]. Some of these 

divergences from expectations may not be due to the NARS, 

but to an incomplete understanding of salient factors in HRI. 

It is important to have a standardized tool such as the 
NARS to measure attitudes toward robots Overall, negative 
attitudes, as measured by the NARS, appear to have some 
relationship to behavior toward robots, but given that various 
uses of the NARS citied above and the present study suggest 
that the NARS has a limited ability to detect participant 
attitudes or behavior, we suggest using the NARS as a 
supplemental, rather than the primary, measure. Scales 
measuring attitudes toward specific robots (e.g., Godspeed 
and Semantic Differential Questionnaires) and implicit 
measures may provide further insights and may be more 
useful for predicting behavior. Explicit and implicit 
measures often show disparity, such in [16] when 
participants from the USA explicitly reported robots to be 
more threatening than did those from Japan, but participants 
in both countries showed stronger implicit association of 
weapons and unpleasant stimuli with robots than with 
humans. Behavioral measures are also recommended to 
illuminate behavioral correlates of these findings. 

Future research should examine the NARS to determine 
if positive NARS scores consistently relate to negative 
scores of specific robots and how it relates to implicit 
measures. Researchers should be cautious when using the 
NARS as Pre- and Posttests because responses on it may not 
relate well to attitudes or behavior toward specific robots. 

VI. CONCLUSION 

The presence of nonsocial nonanthropomorphic robots 
with various communication styles did not affect attitudes 
toward specific robots or robots in general, but this might 
change if participants interact more directly with the robots, 
or if the robots are more numerous. The study also suggests 
that the NARS may be more useful as a supplemental 
measure, and that it should be further examined in relation to 
explicit, implicit, and behavioral measures. 
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