
  

 

Abstract— Although it is widely accepted that robots will be 

used in everyday contexts in near future, many people feel 

anxious and hold negative attitudes toward robots. This 

negative reaction might be stronger when users come into 

direct physical contact with them, particularly when touch is 

required between robots and humans, (e.g., when using robots 

as assistants to help elderly people at home). Intergroup contact 

research in social psychology has proposed various forms of 

contact as a means to reduce negative feelings toward outgroup 

members. The present study examined how Contact Type 

(Actual vs. Imagined) and Contact Modality (Look vs. Touch) 

with a NAO robot would impact attitudes toward NAO 

compared to a no-contact control condition.  Results showed 

that nearly any type of contact effectively reduced negative 

emotions compared to the control condition. However, for 

participants with preexisting negative emotions toward robots, 

contact sometimes produced more negative attitudes. We 

discuss these findings and the resulting implications for future 

research. 

I. INTRODUCTION 

In the future, people will have contact with robots in 
everyday contexts like hospitals, malls, and schools. 
However, people often express reluctance to using robots in 
direct daily interactions (e.g. [1, 2]). Negative attitudes 
toward robots and robot anxiety (i.e., fear keeping 
individuals from interacting with robots [3]), pose obstacles 
for successful human-robot interaction (HRI). Negative 
reactions toward robots may restrict robots’ ability to help 
humans (e.g., if humans avoid or do not trust robots), and 
can harm current R&D goals of creating robots that 
collaborate closely with people [4].  

HRI research has suggested various design guidelines 
concerning robot appearance, movement, and behavior to 
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improve experiences in HRI (e.g., [5-7]). However, little 
research has examined how to change negative attitudes 
through HRI itself. While most HRI research has been 
performed within a dyadic framework (e.g., [8, 9]), recent 
work has shown that framing HRI as an intergroup 
interaction (i.e., humans and robots belonging to distinct 
groups) can help us gain insights into user attitudes and 
reactions [10]. Therefore, we turn to the vast social 
psychological literature on intergroup contact to diminish 
bias against and anxiety toward outgroup members – in this 
case, a robot.  

The intergroup contact literature has identified many 
ways to reduce prejudice toward outgroup members, 
including actual contact [11], imagined contact [12], and 
physical touch contact [13, 14]. These types of contact 
increase positive attitudes toward target group members, 
change stereotypes about the groups, and reduce intergroup 
anxiety [15]. However, different types of contact may elicit 
differential levels or types of benefits for attitudes toward a 
target individual or group. 

II. RELATED WORK 

In social psychology, Actual Contact (AC) with others 
often decreases prejudice [11], which relates to a decrease 
in denying humanness (i.e. dehumanization) to others. 
Similarly, small amounts of contact with robots may change 
people’s views of how anthropomorphic they are. For 
example, people might attribute more humanlike emotions 
and sociality to robots. Along with touch, the experience of 
AC with a robot presents a possible method for decreasing 
negative bias and anxiety, and raising contact intentions by 
correcting expectations about the threat posed by the robot.  

Contact among humans is particularly effective in 
improving attitudes toward others (groups and individuals) 
[13, 16] and reducing stress [17] when it involves physical 
touch. Touch between strangers is beneficial, and is even 
better between close friends [18, 19]. Incidental touch may 
even reduce implicit bias against a particular racial group 
[14]. However, effects of touch may not always be positive. 
In one study, intentional touch while performing a tactile 
sign language game backfired when done with a racial 
outgroup member. Participants rated the person as less 
likeable than in a similar task without touch [20].  

Given that intentional touch can backfire for interracial 
partners, it could also backfire for human-robot partners. So 
far, few studies have examined how physical touch from a 
robot is perceived (e.g., [3, 9, 21]). In particular, previous 
research has not compared participants physically touching 
robots to participants who perform a similar task without 
touch. Of HRI research that examines touch, some focuses 
on touch for communication [22-24], but evidence for the 
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effect of robots touching others on quality of HRI is mixed 
[8, 9, 21, 25, 26]. People preferred touch from robots for 
physical (e.g., cleaning), rather than emotional (e.g., to 
comfort) tasks [3, 21]. However, in other studies, attitudes 
toward robots showed no change after touch [25] or even 
backfired [8, 26]. Touch by a robot may be acceptable only 
for people who are comfortable being touched by other 
people [22] and who already hold positive attitudes toward 
robots (i.e., for these people, robots that touch are perceived 
as less machine-like) [9]. The present study uses the 
intergroup framework and examines how preexisting 
emotions toward robots relate to emotions toward them 
after touch. 

For people with negative attitudes toward robots, it may 
be beneficial to improve attitudes toward them before AC or 
touch occurs. Imagined Contact save document (IC) may be 
particularly useful in improving attitudes toward robots in 
social contexts that hinder direct contact or in which AC is 
actively avoided. IC involves mentally simulating the social 
interaction with outgroup members [12]. Participants are 
instructed to imagine a short and pleasant interaction with 
an outgroup-member, usually for one or two minutes. This 
very brief intervention proves successful in changing 
intergroup attitudes [27, 28], raising contact intentions [13, 
29] and reducing intergroup anxiety [28, 30]. IC also 
facilitates approach behavior in the intergroup context [29]. 
Importantly, the positive effects of IC with a specific 
individual target generalize to evaluations of social groups.  

In this study, we examined the effects of two types of 
contact with a robot on attitudes and emotions toward 
robots and perception of the robot’s abilities: Touching and 
interacting with a robot in a similar situation without 
touching it. We also examined the difference between IC 
and AC with the robot. These four contact conditions are 
compared to a fifth no-contact control condition.  

To investigate this further, we used measures from the 
intergroup literature. Anthropomorphism of the robot was 
measured with scales of perceptions of the robot’s social 
emotions and social intelligence [31], and its ability to 
experience primary emotions (e.g., happiness, fear) – 
typically attributed to animals – and secondary emotions 
(e.g., love, shame) –attributed primarily to in group member 
humans [32].  Finally, we also measured contact intentions 
and emotions toward the robot, as well as liking of casual 
touch [22] for participants in the Touch conditions. 

The following hypotheses were tested in this 
experiment:  

1. Participants would perceive robots as having more 
anthropomorphic abilities in AC > IC > Control condition. 
The same is true of Touch > Look > Control condition. 

2. Positive attitudes, emotions, and contact intentions would 
increase most and negative emotions will decrease most 
toward robots in the AC > IC > Control condition. 

3. Touch would exacerbate negative attitudes for 
participants who hold prior negative emotions toward 
robots. This finding will be stronger in AC compared to IC. 

4.  Touch conditions would enhance positive attitudes 
toward robots for people who like casual touch more than 

for people who dislike casual touch. This interaction will be 
stronger in AC compared to IC. 

III. METHOD 

A. Participants and Design 

Participants (N = 100) were recruited at Bielefeld 
University, Germany. Three participants were excluded as 
analysis showed too many outliers (values differing more 
than 3 SDs from the sample mean). The final sample 
consisted of 97 participants, 47 males and 50 females, with 
participant gender counterbalanced across conditions. They 
ranged in age from 17 – 66 years (M = 24.03, SD = 6.50). 
The study manipulated Contact in a 2 (Contact Type: Touch 
vs. Look) x 2 (Contact Modality: Actual vs. Imagined) 
design, plus a control group without contact. Participants 
were randomly assigned to one of the conditions. The study 
took up to 40 minutes, and participants were reimbursed 
with 6€/hour and chocolate or course credit. 

B. Procedure 

As a cover story, participants were told they would 
participate in a study about new ways to interact with 
robots in complicated work environments (e.g., 
environments may be too noisy for verbal communication 
in the look conditions, or too dark to communicate visually 
for touch conditions). In AC conditions, they gave consent 
to being filmed. All Participants then completed a short 
questionnaire about their emotions toward robots. In the 
AC conditions, they had an interaction with the robot NAO 
(Aldebaran Robotics) which was operated via a Wizard of 
Oz paradigm. The experimenter used a pre-programmed set 
of behaviors for the robot (e.g., show hand sign) and some 
“emergency behaviors” (e.g., if participants asked 
unexpected questions, NAO would respond that it did not 
understand). Through a script and training, we ensured that 
each participant experienced the same robot behavior. The 
robot showed one of four hand signs, which participants 
interpreted and repeated using reference cards. In Touch 
conditions, the robot’s hand was hidden inside a cardboard 
box (like in [20, 33]; see Figure 1) and participants felt the 
robot’s hand to recognize the hand signs. NAO showed 15 
hand signs to each participant. If participants failed three 
times on one gesture, the robot proceeded to the next 
gesture. In IC conditions, participants saw a video of NAO 
introducing itself exactly as in AC conditions. Then they 
were instructed to imagine the hand sign task, which was 
explained to them in detail, either with or without touch. 
After, they completed a set of surveys, were debriefed, 
reimbursed, and dismissed. Participants in the control 
condition merely completed the second questionnaire.  

Figure 1. Experimental setup in Look (left) and Touch (right) conditions. 



  

C. Measures 

Participant responses were collected using 7- point 
Likert scales, with higher scores reflecting greater 
endorsement of the measured constructs. 

Table 1 provides an overview of the descriptive 
statistics of the dependent variables. Internal consistencies 
were good for all scales included.  

1) Anthropomorphism of NAO’s Abilities 

Participants completed nine Ezer analogy items about 

“robots in general” [34] (e.g., robots “in the near future” will 

be “like a toy”). Mind attribution to NAO (e.g., “This robot 

can experience pleasure”) was measured with Kozak, Marsh 

and Wegner’s [31] scale, made of subscales: social 

intelligence and social emotion. The extent to which 

participants thought the robot could feel 6 primary and 6 

secondary emotions (e.g., happiness, pride) was measured 

with a scale by Demoulin and colleagues [32].  

1) Robot-Related Judgments of Emotions, Attitudes, and 

Contact Intentions 

Emotions and attitudes toward robots in general were 

measured pre- and post-interaction with a 25-item scale by 

Cottrell and Neuberg [35] (e.g., “I respect robots”). Contact 

intentions toward NAO were measured using five items; e. 

g., “How much would you like to have the robot at your 

home?” [36].  

2) Liking of casual touch 

Touch condition participants rated their liking of casual 

touch on a 10-item scale [22], (e.g., “I go out of my way to 

interact with people who casually touch a lot.”).  

TABLE 1 Descriptive Statistics and Internal Consistency of the Dependent 

Measures 

Section and Scale M SD Min Max α 

A. Primary emotions 2.09 1.24 1.00 5.43 0.91 

A. Secondary emotions 1.74 1.04 1.00 5.00 0.86 

A. Social Emotion 2.08 1.13 1.00 5.25 0.89 

A. Social Intelligence 4.07 1.38 1.00 6.80 0.83 

B. Negative emotions posttest 1.86 0.72 1.00 3.91 0.85 

B.Positive emotions posttest 3.47 1.12 1.00 6.00 0.78 

B. Attitude* 3.05 2.39 -5.00 6.00 0.73 

B. Contact intentions 4.75 1.33 1.33 7.00 0.92 

C. Negative emotions 

pretest 
1.90 0.66 1.00 4.18 0.83 

C. Positive emotions pretest 3.43 1.06 1.00 5.83 0.76 

D. Casual touch  4.52 1.01 2.40 6.40 0.84 

NOTE. *scales were from +7 to -7, letters relate to subsections in results 
and discussion. **Ezer’s Analogies are excluded because internal 

consistencies ( < .60) were too low to form a homogenous index . 

IV. RESULTS 

Multivariate analyses of variance (MANOVA) were 
computed to compare results across conditions. An 

ANCOVA tested pretest emotions as covariates for posttest 
attitudes. Sidak corrections were used to correct for multiple 
comparisons, as Bonferroni was seen as too conservative for 
groups of n = 20 or less.  

Overall, participants were successful (> 90% accuracy) at 
identifying robot gestures, in the Look condition the accuracy 
was nearly 100%. 

A. Anthropomorphism of NAO’s Abilities  

Across all conditions, participants rated Ezer’s analogies 

about robots as essentially the same (all ps > .05). 

Participants rated robots as less capable of experiencing 

emotion in all Contact conditions than the control condition. 

Specifically, they rated them as less capable of experiencing 

primary emotions (F(4,78) = 3.44, p = .01, ηp
2
 = 0.15), 

especially in IC without Touch (M = 1.69, SD = 0.93) and 

AC with Touch (M = 1.49, SD = 0.80) conditions compared 

to the Control condition (M = 2.10, SD = 1.54, ps = .05 and 

.02 respectively, see Figure 2). 

 

Figure 2: Attribution of Primary Emotions to NAO as a Function of 

Condition. 

 A similar, marginally significant effect occurred for 

secondary emotions (F(4,78) = 2.21, p = 0.08, ηp
2 

= 0.10). 

Participants rated NAO as less capable of experiencing 

secondary emotions in the AC  with Touch condition (M = 

1.19, SD = 0.43) than in the Control condition (M = 2.23, SD 

= 1.11, p = .05). No significant differences were found for 

Sociality in Emotion or for Social Intelligence (all ps > .05). 

B. Robot-Related Judgments of Emotions, Attitudes, and 

Contact Intentions 

Contact Type affected self-reported emotions toward 

NAO. Factor analyses differentiated positive and negative 

emotions (i.e., the eigenvalues were < 1). We formed simple 

unit-weighted scales of positive and negative emotions by 

including scale items that most strongly represented the 

dimensions (e.g., happy, pride for positive emotions). 

Positive emotions showed no significant differences 

across conditions (ps > .05). Analyses showed a significant 

effect on Negative emotions (F(4,78) = 2.76, p < .01, ηp
2
 = 

0.25). Participants in the IC condition without Touch 

reported significantly less Negative emotion (M = 1.48, SD 

= 0.40) than participants who experienced IC with Touch (M 

= 2.12, SD = 0.81, p = .05). Participants reported less 

Negative emotion in the AC without Touch (M = 1.74, SD = 

0.62), IC without Touch (M = 1.52, SD = 0.62), and AC with 

Touch (M = 1.57, SD = 0.55) conditions than participants in 

the Control condition (M = 2.47, SD = 0.81; ps = .02, < .01, 

< .01 respectively). See Figure 3.  



  

Figure 3: Negative Emotions toward the Robot depending on Condition. 

Error bars are standard error.  

No significant differences in attitudes toward robots in 

general or contact intentions toward them were reported 

across conditions (all ps > .05).  

C. Pretest Emotions relationship to Posttest Measures  

To test how pretest emotions influenced the effects of 
conditions on attitudes, we used them as covariates in a 2 x 2 
ANCOVA. Shapiro-Wilk test was used to determine 
normality. Positive emotions had a normal distribution (W 
(69) = .990, p = .874), but negative emotions did not (W(69) 
= .919, p < .001). To avoid bias by using skewed variables as 
covariates, we divided participants into tertiles of equal 
number based on negative emotions scores and used negative 
emotions as a fixed factor: low tertile (< 1.54), middle tertile 
(1.54 to 2.18), and high tertile (> 2.18) negative emotions. 
See Table 2 for deltas of each condition.  

TABLE 2: Deltas of Positive and Negative Emotions for Pre- vs. Post-test 

 Imagined Contact Actual Contact 

Valence Emotions Look  Touch Look  Touch 

∆ Pos. Emotions -0.15 0.16 -0.04 0.26 

∆ Neg. Emotions -0.25 -0.04 -0.23 -0.11 

NOTE: negative values indicate that type of emotion decreased. 

 
The ANCOVA showed significant effects of positive 

pretest emotion (F(1, 54) = 22.81, p < .01, ηp
2
 = .30), 

negative pretest emotion categories (F(2, 54) = 12.14, p < 
.01, ηp

2
 = .31), and the interaction between Contact Modality 

and negative pretest emotions (F(2, 54) = 10.72, p = .04, ηp
2
 

= .12). Contact Type and Contact Modality had no significant 
effects on attitudes (p > .05).  

Positive pretest emotion positively covaried with attitude. 
Participants in the high tertile of negative pretest emotions 
toward robots had more negative attitudes toward them after 
contact (M = 1.58, SD = 1.95) than those in the middle (M = 
3.42, SD = 1.81), and low (M = 4.18, SD = 1.84) tertiles (p = 
.01, p < .01, respectively). Negative pretest emotions also 
showed interactions with Contact Modality. Participants in 
the high tertile of negative pretest emotions toward robots 
who participated in the AC condition had significantly more 
negative attitudes toward robots (M = 0.85, SD = 0.52) than 
those in Imagined or Actual Contact conditions who were in 
the middle (M = 4.04, SD = 0.57, p = .01; M = 2.91, SD = 
0.55, p = .09 respectively) or low (M = 3.89, SD = 0.45, p < 
.01; M = 4.41, SD = 0.45 p < .01) tertile, respectively.. 
Negative pretest emotions also interacted with Contact 
Modality, indicating that those participants in the high tertile 
(> 2.18) of negative pretest emotions who had Touch contact 

with robots had significantly more negative attitudes toward 
robots (M = 0.92, SD = 0.47) than those in Look or Touch 
conditions in the middle (1.54 to 2.18; M = 3.10, SD = 0.56, p 
= .05; M = 3.86, SD = 0.54, p = .01 respectively) or low (M = 
3.63, SD = 0.41, p < .01; M = 4.67, SD = 0.49, p < .01 
respectively) tertiles (see Figure 4).  

D. Liking of Casual Touch 

Participant comfort with casual touch showed no effect as 

a covariate for the effect of attitudes toward robots (F(3,34) 

= .022, p = .88). 

 
Figure 4. Interaction between Negative Pretest emotion and Contact 
Modality, using Positive Emotion as a Covariate. Error bars represent 
standard error values.  

V. DISCUSSION 

The goal of this study was to identify methods to improve 

face-to-face HRI based on interventions for changing 

attitudes toward outgroups in social psychology. We 

examined the influence of Contact Type (Actual vs. 

Imagined) and Contact Modality (Look vs. Touch) with a 

NAO robot on several dependent measures and compared 

the contact conditions with a no-contact condition.    

A. Anthropomorphism of NAO’s Abilities 

Conditions did not affect perceptions of robots in general 

in Ezer’s Analogies. It may be that the story about the robot 

as a coworker provided a similar frame of reference for 

participants across conditions, leaving little room for 

personal interpretations of the robot.  

Surprisingly, participants perceived NAO as less capable 

of experiencing emotions (across sociality [31] and primary 

emotions [32] measures) in Contact than in Control 

conditions (contrary to hypothesis 1). Participants may 

have initially related robots more to themselves [37], but 

once they interacted with NAO or saw a video of it, they 

realized the robot was not very advanced and could 

experience less emotion than they thought. For the Control 

Condition no such discrepancy formed, and participants 

stuck to their existing ideas about robot capabilities. 

Previous studies have also found that participants change 

their evaluations of robots and their abilities as a result of 

interaction [38].  

B. Robot-Related Judgments of Emotions, Attitudes, and 

Contact Intentions 

Though participants rated the robot as less capable of 

experiencing emotions in Contact conditions than the 

Control condition, they also showed fewer negative 

emotions toward the robot, partially supporting H 2. No 
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differences were found for positive emotions or attitudes 

toward the robot. Decreases in negative emotions may have 

related to participants perceiving the robot as less capable 

of emotions (see above section). Prior literature suggests 

that some negativity toward robots comes from thinking of 

them as too human-like [8]. Perceiving robots as less 

human-like (in particular, with regards to experiencing 

emotion) in Contact compared to Control conditions may 

have reduced negative emotions toward robots. 

C. Pretest Emotions relationship to Posttest Measures 

Negative pretest emotions toward robots related to more 

negative attitudes toward robots in general after contact. As 

contact reduced negative emotions toward robots, contact 

with NAO may reduce anxiety and enhance future 

interactions, at least with simple robots like NAO.  

Our analyses suggested that, as predicted (H 3), certain 

types of contact with robots backfire for participants with 

negative pre-existing emotions toward robots. In this study, 

AC and Touch backfired for participants with some 

negative emotions compared to IC and Look conditions; the 

negative attitudes of participants in the former conditions 

increased. We therefore suggest that IC and Look be used 

to enhance participant attitudes toward robots. For those 

who already have few negative emotions toward robots, AC 

and Touch may be used without fear of backfiring. Positive 

emotions were found to moderate this relationship, 

enhancing attitudes toward robots. 

D. Liking of Casual Contact 

Comfort with casual touch did not affect attitudes toward 

robots, not supporting H 4. It may be that comfort with 

touch affects how participants feel about robots initiating 

touch, as in [22], but is not relevant when participants 

initiate touch. 

VI. CONCLUSIONS AND RECOMMENDATIONS 

A. Overall Effects of Imagined and Actual Contact 

The mechanism of IC with robots (at this stage in their 

development) may differ from what occurs among humans. 

IC with human outgroups may involve remembering that 

the outgroup member is also human and therefore similar to 

the participant, which may make attitudes more positive. 

Conversely, IC with robots may involve thinking more 

logically about the robots’ capabilities, and may reduce 

perceptions of the robot as being capable of human emotion 

and consideration, leading to perceiving it as less 

threatening. Future research could investigate the content of 

participants’ imagined scenarios to evaluate this idea. 

B. Overall effects of Look versus Touch 

This study suggests that touching and looking at the 

robot were equally effective at improving attitudes toward 

it. However, imagining touching the robot did not show 

similar benefits. Participants may have had difficulty 

imagining how touching a robot could be positive or may 

have found the task uncomfortable enough to not 

concentrate on touch. Alternatively, imagining touching a 

close document robot may have introduced too many 

variables, increasing cognitive load, and participants may 

have interpreted this as disliking the robot [39]. 

C. Summary and Outlook 

Almost any contact (IC or AC, Look or Touch) reduced 

negative emotions toward the robot. To improve 

interactions with robots, merely becoming familiar with 

them may help – either through AC or IC.  The findings in 

this study that contact with the robots increased liking of 

them relates to the mere exposure effect (i.e., that 

familiarity with something relates to liking it) [40]. 

However, the findings that physically touching the robot 

may backfire for people who already have negative 

emotions toward the robot suggests a more complex story. 

Overall, participants were successful identifying robot 

gestures, in the Look condition the accuracy was nearly 

perfect. No participant rated the task as too difficult, 

independent of condition and they rarely made more than 

one mistake. As the NAO is humanoid and not particularly 

intimidating, AC and IC both worked well, even though 

there have been cases in which contact backfired when 

participants had negative emotions in advance. IC would 

likely work better than AC for bigger, more machinelike 

robots that may be perceived as more frightening. 

Although touching the NAO reduced negative emotions 

toward it in AC, it did not have these benefits in IC; we do 

not recommend using such an intervention in the future. 

For future studies we have several recommendations: In 

this study, only AC conditions were video recorded; all 

conditions could be recorded to reduce differences among 

conditions. In a future paper, the video will be analyzed to 

present more qualitative insights. Because IC has small 

effect sizes over large replication [41], larger samples are 

suggested for more power to show significant effects. 

Replication with another type of robot would indicate if the 

effects generalize across different robot types. Dependent 

measures could be added to examine if changes in emotions 

occur for the robot participants interacted with and for other 

types of robots. The issue of familiarity should be further 

addressed, such as by inducing familiarity without contact 

(e.g. by observing the robot several times), to test if mere 

familiarity is sufficient to replicate our findings. To further 

examine when contact backfires, researchers could seek out 

people with more negative emotions toward robots. 

Researchers should explore effects of other types of 

contact, including cases in which the robot touches the 

human, and other prejudice reduction techniques in social 

psychology (e.g., perspective taking).  

In conclusion, the present research showed how users 

react to contact in HRI and how it might be possible to 

prepare them for future interactions. Several different types 

of contact caused people to react more positively to robots.  

We studied a new method of touch with a robot, and results 

indicated that people responded positively to it – which is a 

good sign for the long-term goal to use robots in close 

quarters with humans and to use touch as a communicative 

cue in HRI. This study contributes Contact, both Actual and 

Imagined, as a useful means for preparing people for HRI.  
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