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Abstract

Increasingly, people must interact with robot technologies. In this research, we examined attitudes toward robots as equip-
ment and as coworkers and whether these attitudes are affected by the autonomy of the robot among participants living in
the United States (Study 1: N=1003; Study 2: N=969). Study 1 revealed that respondents had a more positive attitude
toward robots as equipment than as coworkers. Technology use self-efficacy and prior robot use experience were associated
with more positive attitudes toward both robot positions. Having a degree in engineering or technology was associated with
a positive attitude toward robot coworkers, while neuroticism was associated with a negative attitude. Additionally, tech-
nology use self-efficacy was found to have a significant indirect effect on the associations between openness and attitudes
toward robots as well as conscientiousness and attitudes toward robots. In Study 2, a three-group online survey experiment
showed that teleoperated robots and semi-autonomous robots were preferred as equipment over fully autonomous robots.
The robots’ autonomy level did not impact attitude toward robot coworkers. Overall, the results suggest that people prefer
non-autonomous robots over autonomous robots in the work-life context. The studies provide a comprehensive overview of
attitudes toward robots as both equipment and coworkers, and the key predictors of the noted attitudes. The results suggest
a readiness for shared autonomy between a human operator and a robot. This should be considered in the design and suc-
cessful implementation of new robot technologies in workplaces.
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1 Introduction

New-generation robots and artificial intelligence are trans-
forming many fields and performing tasks formerly handled
by humans [24]. Consequently, the question of whether auto-
mation substitutes or complements human labor is subject to
heated and ongoing debate [1, 19]. The discussion on being
replaced by robots is closely related to the autonomy of these
devices and whether they are considered as human work-
ers or advanced technological tools for human workers to
use. Socially capable robots with advanced artificial intelli-
gence will add a new layer to the topic, as they can resemble
human workers in more ways than in simply their ability to
perform mechanical tasks. Compared to one-function robotic
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devices, multifunctional robots equipped with advanced
artificial intelligence can act more independently without
human control and thus have the ability for higher autonomy.
In addition to ethical and legal issues, autonomous robots
raise questions about humans’ perceptions of and reactions
to robot autonomy and to its different levels.

In work life, robots can adopt various roles, some of
which are to act as an assistive equipment or a coworker.
Previous literature on social acceptance of robots has indi-
cated that human attitudes are more positive when a robot is
perceived as equipment rather than a coworker [54]. The key
difference between these two robot positions relies on their
varied degrees of autonomy: robot equipment can be viewed
as a one-function tool mostly supplementing human work,
whereas robot coworkers may act more autonomously. The
distinction is also based on different strategies and attitudes
people adopt toward robots when rationalizing and predict-
ing their behavior [17, 18, 55]. For instance, initial evidence
for people perceiving robots as somewhat intentional rather
than as just a machine has been obtained [44].
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The successful adoption of technology depends on vari-
ous human factors, such as attitude, subjective norms, vol-
untariness, performance expectancy, and prior experience
[61, 62]. Such factors as voluntariness and performance
expectancy refer to how much autonomy humans have in the
adoption process and, in the case of advanced social robots,
how much can be expected from this type of technology. The
level of robot autonomy is also a vital factor in human—robot
cooperation, as it directly affects the way that humans and
robots interact [59]. Higher levels of robot autonomy may
enrich interactions between people and physical devices
[59]. However, increasing the autonomy of a robot may also
threaten the human’s control and sense of autonomy [66],
which is a basic need that influences human motivation and
wellbeing [15, 16, 53]. Previous studies have indicated that
human attitudes toward and perceptions of robots tend to be
more positive when robots are perceived as non-autonomous
[54, 58, 64, 66].

In this article, we report the results of two empirical
studies investigating attitudes toward robots as equipment
and as coworkers. First, we analyze respondents’ attitudi-
nal preference between robots as equipment and cowork-
ers and the social psychological human factors predicting
attitudes toward these robot positions. Second, we examine
whether the autonomy level of a robot impacts these atti-
tudes. Hence, factors related to both humans and robots are
taken into account and, together, the studies form a compre-
hensive overview of attitudes toward both robot equipment
and coworkers and the key predictors.

2 Robot Autonomy and Human Factors
in Attitudes Toward Robots

The level of robot autonomy is central to human-robot inter-
action, as it crucially affects the way humans and robots
interact [59]. Currently, most robot technologies still require
precoding and constant supervision from humans; fully
autonomous robots are still in the early design stage [e.g.,
28,31,46]. Robot autonomy research is a multidisciplinary
field, comprising numerous definitions of autonomy. Sim-
ply, robot autonomy can refer to the ability to perform tasks
independently [29]. One definition of autonomy suggested
for human—robot interaction research particularly refers to
“the extent to which a system can carry out its own processes
and operations without external control” [8, p. 77]. Levels
of robot autonomy exist on a continuum and have been con-
ceptualized in various ways.

Robots in work-life can be divided, according to their
varied roles and degrees in autonomy, namely as a piece of
equipment or as a coworker. Robot equipment is here viewed
as a one-function tool primarily supplementing human work,
whereas robot coworkers are autonomous and function more
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independently. Robot autonomy may also be approached
from the perspective of the different strategies and attitudes
people adopt to interact with robots [55]. Intentional stance
toward a system, a concept introduced by Dennett [17, 18],
is likely be induced when a person perceives the system as
intentional. When a person treats the system as a machine, a
design stance is more likely to be adopted. Initial evidence
for people adopting an intentional stance toward humanoid
robots has been obtained [44].

In the case of robots as equipment and coworkers, it is
worth considering whether people are more likely to adopt
an intentional stance toward a robot when approaching it
as a coworker, and perhaps a design stance for a piece of
robot equipment. It is possible that people have more posi-
tive attitudes toward robots when the robot better meets all
of their expectations. If the robot coworker is approached
as intentional, one may expect the robot to be somewhat
autonomous, motivated and reactive, for instance. If the
robot is approached as a machine, the expectation may be
narrower, more realistic, and interested mainly in the extent
to which it is functioning as designed. Following these lines,
we assume that people hold more positive attitude toward
robots as equipment than as coworkers, due to different
approaches people induce toward them.

The association between robot autonomy and social
acceptance of robots is relatively little studied, despite its
high relevance for the human robot interaction field. One
study found human attitudes to be more strongly negative
and the robot to be considered as more threatening when
the robot was perceived as autonomous, relative to a non-
autonomous robot [66]. Another study indicated that peo-
ple were more likely to use a robot if they perceived it as
not having the ability to function independently, compared
to perceptions of an autonomous agent [58]. Some qualita-
tive indications have also been obtained of people feeling
safer and preferring to work with teleoperated robots with
a human operator, compared to autonomous robots [64].
People were reported as being relatively open to the idea of
having a robot coworker, but also stressing the importance
of not treating robots as equal to humans, nor letting robots
substitute for humans socially.

Human robot collaboration has been also approached
from a perspective related to a combination of the strengths
of humans and automation, which is a shared autonomy
[e.g., 34,49]. Instead of focusing on single-system perspec-
tives, in shared autonomy, human input is integrated with
robot autonomy, enabling humans and robots to complete
tasks collaboratively [47, 57]. One key issue is that the sys-
tem may not know what the user is trying to achieve [34].
To collaborate meaningfully with robots, studies have shown
people valuing transparency in robots to better understand
what the system is doing and why [3, 65]. Balancing robot
autonomy seems crucial for meaningful human-robot
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interaction. However, personal and social human factors
should also be considered.

Self-efficacy is one of the guiding factors in human activ-
ity and is central to understanding human behavior. Self-
efficacy refers to one’s beliefs about their capabilities to
perform in certain situations [4—6]. Perceived self-efficacy
has been widely studied in the contexts of various infor-
mation technologies [2, 13, 22]. Previously, technology-
specific self-efficacy was found to be positively associated
with acceptance of new technologies, including robots [32,
40, 50]. However, to date, no study has been conducted on
how the self-efficacy experiences are affected by different
levels of robot autonomy, thus, whether the robot is a piece
of equipment or a coworker.

Personality is also central to understanding human behav-
ior. The Big Five personality traits, also known as OCEAN
or the five-factor model, consist of openness to experience,
conscientiousness, extraversion, agreeableness, and neuroti-
cism, comprising a widely used taxonomy for measuring
personality [20, 35, 42]. According to a recent literature
review of personality in human—robot interaction studies
by Robert [52], the extrovert has repeatedly been found to
react positively to human-robot interaction. However, results
regarding other human personality traits and their relation-
ship to perception of robots have been less consistent.

The link between personality traits and self-efficacy is
also worth noting. Of the listed five personality traits, the
positive association between conscientiousness and self-effi-
cacy has received constant research support [e.g., 12,45,67].
Moreover, self-efficacy has been shown to be positively
associated with openness to experience [e.g., 11,60] and
extraversion [67]. A negative association, in turn, has been
shown between self-efficacy and neuroticism [27].

A literature review has established that socio-demo-
graphic factors are associated with attitudes toward robots
[23]. In particular, age, sex, and education have been found
to be determining factors of attitudes toward robots [25, 33].
However, it is noteworthy that the impact of demographic
factors is generally fairly complex; there are also significant
variations within social groups. In this respect, studies have
highlighted that differences based on socio-demographics
may be explained by prior experiences or technical knowl-
edge, which have been found to predict positive attitudes
toward robots [7, 23, 51].

3 Research Overview

In this paper, we report results of two online survey studies
conducted among respondents living in the United States.
In Study 1, we compared respondents’ attitudinal preference
between robots as equipment, relative to robots as cowork-
ers, and considered the social psychological human factors

predicting attitudes toward these two robot positions. In
Study 2, we examined whether the level of robot autonomy
affects the attitude toward robot equipment or the attitude
toward robot coworkers. In Study 1, our hypotheses were
as follow:

S1_H1 Attitude is more positive toward robot equipment
than toward robot coworkers.

S1_H2.1 Extraversion is positively associated with atti-
tudes toward robots.

S1_H2.2 Technology self-efficacy is positively associated
with attitudes toward robots.

S1_H2.3 Prior robot experience is positively associated

with attitudes toward robots.

In Study 2, we ran a three-group online survey experi-
ment, in which participants were split into three experimen-
tal groups—fully teleoperated robots, semi-autonomous
robots, and fully autonomous robots—after which respond-
ents rated their attitudes toward robots. Pre-registered Study
2 hypotheses (https://osf.i0/b98m6) were:

S2_H1 Respondents express more positive attitude toward
fully teleoperated robots than toward fully autono-
mous robots.

Respondents express more positive attitude toward
fully teleoperated robots than toward semi-auton-
omous robots.

Respondents express more positive attitude toward
semi-autonomous robots than toward fully autono-
mous robots.

S2_H2

S3_H3

4 Study 1
4.1 Materials and Methods

Participants. The online survey sample was collected in
January 2019 (N=1003, 48.89% male, Mage: 37.36 years,
SD,,=11.80 years). Respondents reported living in 47 dif-
ferent states and territories, with the highest response rates
coming from California (8.91%), Texas (7.59%), and Florida
(6.49%). Almost one-third of the respondents (30.01%) had
prior robot use experience, but most of the respondents had
not (66.80%) or were not sure (3.19%) if they had used or
interacted with a robot before.

Procedure. Amazon Mechanical Turk’s (MTurk) pool
of respondents was utilized to recruit study participants [9,
14, 48]. The research group administrated the survey on the
Tampere University server using Limesurvey software. We
followed the procedure, suggested by Kennedy et al. [36], to
ensure the quality of study participants. Before the experi-
ment, respondents were asked about socio-demographic
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information, personality, technology use self-efficacy, and
prior experience with robots. The Academic Ethics Com-
mittee of Tampere region stated in December 2018 that the
study does not include any ethical concerns. All analyses
were performed with Stata 16 software.

Measures. A descriptive overview of study variables is
presented in Table 1. Attitude toward robot equipment was
operationalized by asking “How comfortable would you be
about using a robot as equipment at work?”, and attitude
toward robot coworkers, with the question, “How comfort-
able would you be about having a robot as your co-worker?”;
participants rated their attitude on a scale, ranging from 1
(Totally uncomfortable) to 7 (Totally comfortable). The vari-
ables were positively correlated (r=0.56, p <0.001), but as
the connection remained moderate, we conducted separate
analyses for both outcome variables.

We measured respondents’ gender as binary (0 =male,
1 =female) and age as continuous (in years). The educational
attainment was scored on a scale from 1 to 5. A dummy
variable was created for the analysis (0O =else, 1 =highly
educated). The “highly educated” group was comprised of
respondents holding a college degree, a master’s degree, a
professional degree, or higher, whereas the category “else”
included some college, high school diploma, and less than a
high school diploma. A degree in engineering or technology
was measured as binary (0=no, 1 =yes), by asking “Do you
have a degree from the field of engineering or technology?”
Personality traits were measured with a 15-item Big Five
Inventory, on a scale ranging from 1 (Strongly disagree) to
7 (Strongly agree) [41]. Three-item sum variables showed
acceptable levels of inter-item consistency: neuroticism
(x=0.88), extroversion (o =0.86), openness to experience
(@=0.79), agreeableness (a=0.67), and conscientiousness
(¢=0.71). The technology use self-efficacy measure was
formed as, “I think I can learn to use new technology easily,”
which respondents rated on a scale, ranging from 1 (Strongly
disagree) to 7 (Strongly agree). Participants indicated their
prior robot use experience by choosing from “Yes,” “No,” or
“Don’t know,” out of which a dummy variable was created
(0=No/Don’t know, 1 =Yes).

Statistical analysis. On top of descriptive statistics, a
t-test, linear regression equations, and additional mediation
analyses were conducted. For mediation analysis, we ran
a KHB package [37] that has been used for Sobel media-
tion tests in previous studies [e.g., 26,38,56]. We utilized
2000-replication bootstrap, which is considered as one of
the most reliable methods in mediation analysis [30, 43]. In
regression analysis, variables were introduced to the mod-
els in a specific order to enable meaningful interpretation
of changes in coefficients. Model 1 included age, female
gender, education, degree in engineering or technology, and
prior robot experience; Model 2 added Big Five personality
traits, and Model 3 added technology use self-efficacy.
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We reported unstandardized (B) and standardized (/)
regression coefficients, standard errors (SE B), model good-
ness-of-fit measures (R?), and model test (F) and p values.
Multicollinearity was not detected in the regression models,
but a significant Breusch-Pagan test indicated problems in
heteroscedasticity of residuals in the model assessing atti-
tude toward robot equipment. To resolve the problems in het-
eroscedasticity, we report on the robot equipment regression
model with robust Huber-White standard errors in Table 2.
Outliers were detected by Cook’s distance measure, in which
values greater than 4/N indicate possible problems. To con-
trol the potential bias due to outliers suggested by [63],
we did an additional analysis, running robust regressions
with rreg command in Stata for both robot equipment and
coworker models. As the results did not change, in terms
of significance of association, we report on the two robust
regression models in the appendices A and B.

4.2 Results

According to the comparison of means, respondents’ attitude
toward robot equipment (M =5.23, SD =1.54) was signifi-
cantly more positive than the attitude toward robots as cow-
orkers (M =4.32, SD=1.85; 1{1002] =17.9174, p <0.001).

Results of the linear regression model for robot equip-
ment are presented in Table 2. In Model 1, prior robot expe-
rience (f=0.15, p <0.001) was found as a positive predictor
of attitude toward robot equipment. In Model 2, in addition
to prior robot experience, openness to experiences (f=0.11,
p=0.002), and conscientiousness (f=0.11, p=0.011) were
positively associated, and neuroticism had a moderate nega-
tive association with the attitude (f=-0.07, p=0.049). In
Model 3, technology use self-efficacy (=0.38, p <0.001),
and prior robot experience (f=0.11, p <0.001) remained
the only significant predictors. The final regression model
including all the variables was statistically significant
and explained 20% of the variance (R2=0.20, F=22.79,
p<0.001).

As adding technology use self-efficacy to the model
removed the significant association between attitude toward
robot equipment and openness, conscientiousness, and neu-
roticism, additional mediation analyses were conducted.
Indeed, technology use self-efficacy was found to have a
statistically significant indirect effect on the association
between openness to experiences and attitude toward robot
equipment (b=0.04, SE=0.01, z=5.24, p<0.001, 95%
CI [0.02, 0.05]), and between conscientiousness and atti-
tude toward robot equipment (b=0.04, SE=0.01, z=5.00,
p<0.001, 95% CI [0.02, 0.05]). The result was not sig-
nificant for neuroticism (p =0.564). The models were con-
trolled for all demographics and the remaining personality
variables.
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Table 1 Summary of descriptive statistics of the Study 1 variables (N=1003)

Categorical measures n %
Gender
Female 505 51.11
Male 483 48.89
A degree in engineering or technology
Yes 203 20.24
No 800 79.76
Education
Higher education 608 60.62
Else 395 39.38
Prior robot experience
Yes 301 30.01
No/Don’t know 702 69.99
Continuous measures M SD Range n of items a
Attitude toward robot equipment 523 1.54 1-7 1
Attitude toward robot coworkers 432 1.85 1-7 1
Age 37.36 11.80 19-78 1
Technology use self-efficacy 5.64 1.20 1-7 1
Personality traits
Neuroticism [BF] 11.04 5.23 3-21 3 0.88
Extraversion [BF] 11.25 4.79 3-21 3 0.86
Openness [BF] 15.62 3.81 3-21 3 0.79
Agreeableness [BF] 15.53 3.59 3-21 3 0.67
Conscientiousness [BF] 16.56 3.39 3-21 3 0.71

Table 3 shows the results of the linear regression model
for attitude toward robot coworkers. In Model 1, prior robot
experience (#=0.12, p<0.001) and a degree in engineer-
ing or technology (#=0.10, p=0.005) were positively, and
female gender (f=—0.08, p=0.012) was negatively associ-
ated with attitude toward robot coworkers. In Model 2, a
degree in engineering or technology (f=0.11, p=0.001),
prior robot experience (f=0.11, p=0.001), and openness
to experiences (#=0.10, p=0.002) were positive predic-
tors, and neuroticism was negatively associated (f=—-0.09,
p=0.020). In Model 3, technology use self-efficacy
(#=0.30, p<0.001), a degree in engineering or technology
(#=0.09, p=0.005), and prior robot experience (f=0.08,
p=0.008) were positively, whereas neuroticism was nega-
tively associated (f=-0.08, p=0.024) with the attitude. The
final regression model was significant, and together, the vari-
ables explained 14% of the variance (R2=0.14, F=14.99,
p<0.001).

As in the first model, technology use self-efficacy was
found to have a significant indirect effect on the association
between openness to experiences and attitude toward robot
coworkers (b=0.03, SE=0.01, z=4.85, p<0.001, 95% CI
[0.02, 0.05]), as well as between conscientiousness and atti-
tude toward robot coworkers (b=0.03, SE=0.01, z=4.78,

p<0.001,95% CI[0.02, 0.05]). Again, the models were con-
trolled for all demographics and the remaining personality
variables.

4.3 Discussion

Robots can adopt various roles in human working life, some
of which involve functioning as a tool or a coworker. In this
study, respondents’ attitude was found to be more positive
toward robot equipment than robot coworkers, which is in
line with previous findings on robot autonomy and social
acceptance of robots [54, 58, 64, 66]. However, the attitude
was relatively positive for both positions given to robots, as
the mean values were well above average on a scale of 1-7.
As expected, technology use self-efficacy and prior robot
use experience positively predicted attitudes toward robot
positions. Similar findings have been obtained regarding
self-efficacy and acceptance of new technologies, including
robots [32, 40, 50], as well as for prior user experiences and
technology acceptance [7, 23, 51].

Contrary to expectations, extraversion was not significant
predictor of attitude toward either of the robot positions [52].
Neuroticism predicted attitudes negatively, but the result was
true only for the attitude toward robot coworkers, not for
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Table 2 Regression model for attitude toward robot equipment Study 1 (N=985)

Model 1 Model 2 Model 3

Measure B Robust SEB  f B Robust SEB  f B Robust SEB  f

Attitude toward robot equipment
Age 0.00 0.00 0.01 —-0.01 0.00 -0.04 —0.00 0.00 0.00
Female gender -0.17 0.10 —0.05 —-0.11  0.10 -0.04 -0.04 0.09 -0.01
Education -0.07 0.11 -0.02 —-0.10 0.10 -0.03 —-0.08 0.10 -0.03
Degree in engineering 0.11  0.12 0.03 022 0.11 0.06 0.10 0.10 0.03
Prior experience 0.52 0.10 0.15%** 0.50 0.10 0.15%** (.38 0.09 0.11%%*
Neuroticism -0.02 0.01 -0.07* -0.02 0.01 -0.07
Extraversion —-0.01 0.01 -0.04 -0.01 0.01 -0.04
Openness 0.05 0.01 0.11%* 0.01 0.01 0.02
Agreeableness 0.02  0.02 0.05 0.01 0.01 0.03
Conscientiousness 0.05 0.02 0.11* 0.01 0.02 0.03
Technology use self-efficacy 0.49 0.05 0.38%#%*
Model R? 0.03 0.08 0.20
Model F 7.13 9.03 22.79
Modelp sksksk skekk ksksk

Dependent variable: attitude toward robot equipment

*p<0.05. #*p <0.01. ***p <0.001

Table 3 Regression model for attitude toward robot coworkers Study 1 (N=985)

Model 1 Model 2 Model 3

Measure B SEB p B SEB p B SE B p

Attitude toward robot coworker
Age 0.01 0.00 0.04 0.00 0.01 0.00 0.00 0.00 0.03
Female gender -0.30 0.12 —0.08%* -0.23 0.12 —0.06 -0.15 0.12 -0.04
Education -0.22 0.12 —-0.06 -0.24 0.12 —-0.06 -0.22 0.12 —-0.06
Degree in engineering 0.44 0.16 0.10%* 0.53 0.16 0.11%* 0.42 0.15 0.09%%*
Prior robot experience 0.47 0.13 0.12%%* 0.44 0.13 0.11%* 0.33 0.13 0.08%*%*
Neuroticism -0.03 0.01 —0.09% -0.03 0.01 —0.08%*
Extraversion -0.02 0.01 —-0.05 —-0.02 0.01 —-0.05
Openness 0.05 0.02 0.10%* 0.02 0.02 0.04
Agreeableness 0.03 0.02 0.05 0.02 0.02 0.04
Conscientiousness 0.02 0.02 -0.04 —0.01 -0.02 -0.03
Technology use self-efficacy 0.46 0.05 0.30%%*
Model R? 0.04 0.07 0.14
Model F 8.09 7.31 14.99
Modelp skoksk skoksk koksk

Dependent variable: attitude toward robot coworker
*p<0.05. ##p <0.01. ***p <0.001

robot equipment. Another factor only explaining attitude
towards robot coworkers was the degree in engineering or
technology. Previously, similar results were observed, to the
extent that technological expertise in general has been found
to predict positive attitudes toward robots [7, 23, 51].
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An additional mediation analysis revealed that, in the
case of both robot positions, technology use self-efficacy
had a significant indirect effect on the associations between
openness and the attitudes, as well as conscientiousness and
the attitudes toward robots. Previous studies have provided
evidence of the positive association between self-efficacy,
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openness to experiences [11, 60], and conscientiousness [12,
45, 67].

5 Study 2
5.1 Materials and Methods

The aim of Study 2 was to further analyze whether the level
of autonomy of the robot effects attitude toward robot equip-
ment and attitude toward robot coworkers.

Participants. A new online survey sample was collected
among U.S participants in April 2019 (N=969, 48.85%
male, M,,.=37.15 years, SD,,.=11.35 years). Study 2
included only unique participants who had not participated
in Study 1. Participants lived in 49 states and territories,
with the highest response rates coming from California
(8.36%), Florida (7.84%), and New York (7.84%). One-third
of the respondents (33.23%) had prior robot use experience,
but most were still new to robots as 60.78% had not used
robots prior to the study and 5.99% were unsure.

Procedure. Again, the participants were recruited via
MTurk, and the researchers administrated the survey on
the Tampere University server using Limesurvey software.
Respondents were randomly assigned to three experimental
groups, each respondent participating in no more than one
experimental group. Group A was given a written descrip-
tion of fully teleoperated robots, Group B was provided a
description of semi-autonomous robots, and Group C read a
description of fully autonomous robots. The full instructions
for respondents in Study 2 experiment are provided in the
“Appendix C”. We chose to use minimal manipulation based
only on a written description, due to its fit with our study
objectives of assessing attitude toward notions of automated
robots or teleoperated robots, and also in order to minimize
other potentially influencing cues such as robot appearance
[21]. Based on one of the autonomy levels assigned to them,
participants evaluated their attitude toward robot equipment
and toward robot coworkers. Randomization of respondents
into experimental groups was also examined and found
successful, as no statistically significant differences were
obtained in terms of sociodemographic information.

Measures. Descriptive statistics on the three experimental
groups, according to background variables used in Study 1
and outcome variables, are presented in Table 4. Study 2
used the same questions about attitude toward robot equip-
ment and attitude toward robot coworkers as outcome vari-
ables as utilized in Study 1. The normality of both measures
was examined. The robot equipment variable was found to
be highly negatively skewed (skewness=—0.83), and lep-
tokurtic (kurtosis =3.41, when 3 equals the normal distri-
bution), whereas the robot coworker variable was moder-
ately negatively skewed (skewness =—0.34), and relatively

symmetric in distribution (kurtosis =2.22, when 3 equals
the normal distribution). However, negative skewness of
dependent variables is common in attitude measures [39].
Shapiro—Wilk tests showed that neither variable was nor-
mally distributed (p <0.001). Considering the relatively
large sample size, we decided to continue with the analysis.

Statistical analysis. Analyses were run with Stata 16
software. After collecting descriptive statistics, we used a
parametric one-way ANOVA to test differences between
means for three experimental groups. Concerning the nega-
tive skewness of both dependent variables, we conducted
Levene’s test for equality of variances using the median [10].
Variances were equal for both measures—using a robot as
equipment at work (F=1.93, p=0.146) and having a robot
as a coworker (F=1.18, p=0.307). We used a Kruskal-Wal-
lis H-test as a robustness check to justify the results of the
one-way ANOVA. Moreover, we conducted an additional
ANOVA with the significant predictors found for each robot
type in Study 1 as covariates to assess their potential effects
on the results. As the results did not change in either case,
only one-way ANOVA results are reported. Finally, we used
the Tukey multiple comparison post hoc test to compare the
means of control groups.

5.2 Results

The one-way ANOVA results for attitudes among the three
groups in the experiment are presented in Tables 5 and
6. Based on the results, there is a statistically significant
difference between groups in attitude toward robot equip-
ment (F (2)=5.62, p=0.004), but not in robot coworkers
(F (2)=1.42, p=0.242). For attitude toward robot equip-
ment, experimental Group A, assigned to a fully teleoper-
ated robot (M =5.35, SD=1.37), had the highest mean score,
followed by the semi-autonomous robot group (M =15.29,
SD =1.35), and then fully autonomous robot group
(M=4.99, SD=1.57). Differences between the groups are
illustrated in Fig. 1.

Tukey multiple comparison test results indicated two sta-
tistically significant differences: the fully autonomous robot
(M =4.99) was preferred less than the fully teleoperated
robot (M =5.35, p=0.006) and the semi-autonomous robot
(M =5.29, p=0.022). Finally, no significant differences
between groups were found concerning fully teleoperated
and semi-autonomous robots (p =0.845).

5.3 Discussion

In Study 2, the results revealed statistically significant differ-
ences between experimental groups for the attitude toward
robot equipment, but not for the attitude toward robot cow-
orkers. As a piece of equipment, fully teleoperated and semi-
autonomous robots were preferred over fully autonomous
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Table 4 Descriptive overview
of data and experimental groups
in Study 2 (N=969)

Variables

Group A: fully
teleoperated robot

Group B: semi-
autonomous robot

Group C: fully
autonomous robot

N M SD N M SD N M SD

Dependent variables

Attitude toward robot equipment
Attitude toward robot coworkers

Demographics
Age
Female gender
Education

302 535 137 347 529 135 320 499 157
302 449 175 347 450 175 320 429 182

302 37.68 1141 347 37.63 1141 320 36.13 11.20
298 050 050 342 051 050 314 052 0.50
302 0.64 048 347 069 046 320 0.63 048

Degree in engineering or technology 302  0.27 045 347 027 045 320 026 044

Individual variables

Prior robot experience

Technology use self-efficacy
Personality traits

Neuroticism

Extraversion

Openness

Agreeableness

Conscientiousness

302 033 047 347 035 048 320 031 046
302 5.61 123 347 547 130 320 561 1.20

302 1092  5.08 347 11.12 491 320 1093 5.13
302 11.30 489 347 1134 440 320 11.16 494
302 1549 387 347 1532 374 320 15.13 3.80
302 15.66 349 347 1535 349 320 14.84 3.72
302 1647 337 347 1597 325 320 16.10 3.32

solutions. However, the difference between fully teleoper-
ated and semi-autonomous robots was not significant. These
results are supported by previous literature, to the extent
that people have been shown to perceive less autonomous
robots more positively than fully autonomous ones [54, 58,
64, 66]. Overall, the results provide interesting indications
that people would rather use a piece of robot equipment that
requires their own participation in the usage than allow the
tool to function entirely autonomously.

6 Concluding Discussion

This article reports findings of two survey studies conducted
among respondents living in the United States. Study 1 com-
pared respondents’ attitudinal preference between robots as
equipment and coworkers, and determined the social psy-
chological human factors predicting attitudes toward these
two robot positions. Study 2 focused on the features of the
robots, namely the effect of level of robot autonomy on the
attitudes toward robot equipment and coworkers.
Respondents were concluded to have more positive atti-
tude toward robot equipment, compared to robot coworkers,
which confirms the first hypothesis of Study 1. The result
from Study 1 sample suggests that people prefer a robot as a
piece of equipment rather than as an autonomously function-
ing worker in the work life context. The results are linked
to the ongoing debate over whether robots are taking over
human jobs [1, 19]. That is, robot coworkers may evoke con-
notations of replacing human labor, whereas equipment is

@ Springer

Table 5 Analysis of variance of attitude toward robot equipment by
experimental groups in Study 2 (N=969)

Sum of squares df  Mean square F p

Between groups 23.09 2 11.54 5.62 0.004
Within groups 1984.22 966  2.05
Total 2007.31 968  2.07

Table 6 Analysis of variance of attitude toward robot coworkers by
experimental groups in Study 2 (N=969)

Sum of squares df  Mean square F P

Between groups 8.93 2 4.47 142 0.242
Within groups  3037.74 966 3.14
Total 3046.67 968 3.15

more likely to support or complement human work. It is also
worth considering whether humans are yet ready to perceive
robots as peers in working life, as “coworker” may suggest.

Participants’ more positive attitude toward the robot
equipment can also originate from the stance that people
adopt when approaching the robot. It might be that people
perceive the robot equipment primarily as a machine, and
thereby adopt a design stance toward it and an intentional
stance when approaching the robot as coworker. This leads
the expectations for the robot equipment to bear mainly on
its functioning as designed; these are relative realistic expec-
tations for a robot to meet (or not). Therefore, it is possible
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Using a robot as equipment at work
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Fig. 1 Attitude toward robot equipment means on a scale of 1-7 by
groups in Study 2 (N=969)

that people feel more comfortable about robot equipment
than they feel about robot coworkers, as the former better fits
their expectations. Robot equipment may feel safer, as it is
not motivated nor does it function in any way independently
outside of its assigned core function; as such, it is unlikely
to do anything unexpected to humans.

For both robot positions, perceived technology use self-
efficacy and prior robot use experience were significant
positive predictors for attitudes toward robots, thus con-
firming our second and third hypotheses for Study 1. The
results complement the literature on perceived technology
related self-efficacy by showing its positive association with
attitudes toward both robot positions, namely as pieces of
equipment and coworkers. The results also suggest that one’s
confidence in own abilities to use new technology in general
extend to robot technologies as well. That self-efficacy expe-
riences can expand from a certain task or domain to another
similar one has also been noted in its own theory [5, 6]. As
expected, previous user experiences predicted more positive
attitudes toward robots. However, in the future, we look to
delve more deeply into the quality of past experience to form
even more comprehensive conclusions.

Contrary to expectations, extroversion was not positively
associated with the attitudes toward robots. Overall, per-
sonality traits did not show a significant relationship to the
attitudes in the final models. An exception was neuroticism,
which had a moderate negative association with attitude
toward robot coworkers indicating that people experiencing
neuroticism may hold more negative attitude toward autono-
mous agents. One interpretation is that people are less likely
to experience a sense of control over an autonomous device
[66, 68], which may cause discomfort, especially for those
experiencing neuroticism.

Having a degree in technology or engineering was
another significant factor, which positively predicted

attitude toward robot coworkers only. It is worth consider-
ing whether a background in the field of technology helps
to build a more realistic view of technology’s capabilities,
which in turn decreases uncertainty regarding robots. In the
future, research can benefit from a more detailed sectorial
comparison regarding perceptions of robots in work life. All
the significant associations obtained in Study 1 regression
models were also found in the robust regressions, which jus-
tifies the results.

In Study 2, the main focus of analysis was to investigate
whether the level of robot autonomy impacts the attitude
toward both robot equipment and robot coworkers. Accord-
ing to results, there were statistically significant differences
between experimental groups for the attitude toward robot
equipment, but not for the attitude toward robot coworkers,
while taking the human factors into account. The results
were also true when considering the significant predictors
found in Study 1 final models for both robot positions, which
further strengthens the findings. The results suggest that the
degree of robot autonomy is an important determinant for
attitude toward robot equipment but has a smaller role in atti-
tude toward robots as coworkers. Several explanations can
be considered. It might be easier for respondents to imagine
different levels of autonomy for a robot equipment than for
a robot coworker, as the former may be more familiar to
respondents. Also, the perception of a robot as a coworker
may already contain an assumption of some kind of auton-
omy making the evaluation of its different levels no longer
as meaningful for respondents.

As a piece of equipment, fully teleoperated and semi-
autonomous robots were preferred over fully autonomous
robots, thus confirming our first and third hypotheses for
Study 2. However, the difference between attitude toward
fully teleoperated and attitude toward semi-autonomous
robots was not significant, emphasizing the reluctance
related to fully autonomous robots, also in the form of an
equipment. In relation to the concept of robot autonomy in
general, the preference for less autonomous robots found
in our study reflects that the level of autonomy impacts the
acceptance and, thus, might have unfavorable consequences
for readiness to interact with highly autonomous robots.
Robot autonomy as robots’ capability to perform tasks inde-
pendently without external control [8, 29], is, based on our
results, perceived less favorable when no human input is
needed at all.

Participants demonstrated willingness to participate in
robot equipment teleoperation instead of letting the robot
equipment function independently. Alternative explana-
tions can be made; what the robot can do with its autono-
mous functions may be a matter of uncertainty. Moreover,
some people may be suspicious of robots and artificial
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intelligence, thinking that they might overtake personal
space, and thereby threaten the human’s sense of autonomy
and control [15, 16, 53, 66]. Another aspect can be that peo-
ple are willing to learn to better understand new technologies
by using them themselves in a concrete way when the oppor-
tunity arises. The findings have implications for interest in
combining the strengths of humans and automation, that is
the shared autonomy [34, 49]. In the case of fully teleoper-
ated and semi-autonomous robot equipment, human input
is integrated with robot capabilities, which may in fact be
the currently preferred form of human—robot collaboration.

It is critical to consider whether imagining a fully auton-
omous piece of equipment or a fully human-driven robot
coworker have presented challenges to those respondents
with little or no experience with robots. For this reason, we
controlled for the effect of prior robot experience in our anal-
yses. In our study, the respondents expressed their attitude,
knowing the level of robot autonomy based on brief written
descriptions. However, we chose not to picture robots more
precisely, as it is known that the appearance of a robot affects
the estimation of its capabilities [21].

The limitations of our research were methodological,
relating to the self-reported information and non-represent-
ative nationwide data sampling. However, the sample was
geographically widespread, and participants came from vari-
ous sociodemographic backgrounds. Single question items
were used for addressing attitude toward robot equipment
and toward robot coworkers in both studies as well as for the
effectiveness of the autonomy manipulation in the second
study, which must also be taken into account as possible
limitations when interpreting the results. The study followed
a cross-sectional design; therefore, continuing the examina-
tion to enable a longitudinal analysis is important to further
justify our findings. In addition, research examining human
reactions to robots with different levels of autonomy in real-
life settings may necessarily supplement the literature.

Our results showed that participants hold more positive
attitude toward robots when they perceive them as equip-
ment, compared to robot coworkers. In terms of robots as
pieces of equipment, participants preferred less autonomous
robots. Results suggest that people are willing to participate
in robot teleoperation rather than letting the robot equipment
function autonomously. Furthermore, the results showed that
participant’s attitude toward robots as both equipment and
coworkers related to their previous user experiences and per-
ceived self-efficacy in using new technologies. A degree in
technology and neuroticism emerged as important factors
predicting attitude toward robot coworkers.

Our studies provide a comprehensive overview of atti-
tudes toward robots as both equipment and coworkers, and
the key predictors of those attitudes. Overall, the results
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indicated that people prefer non-autonomous robots to
autonomous robots in the work-life context. The results can
be utilized for the design and successful implementation of
new robot technologies in modern work life.

Appendix A

Table A Robust regression analysis for attitude toward robot equipment
Study 1 (N=985)

Measure B SEB p 95% CI
Age 0.00 0.00 0.943 —-0.01 0.01
Female gender —-0.05 0.09 0.536 —-0.22 0.12
Education -0.06 0.09 0.496 -0.23 0.11
Engineering degree -0.02 0.11 0.857 —0.24 0.20
Prior robot use experience 0.27 0.09 0.003 0.10 0.45
Neuroticism 0.00 0.01 0.618 —0.02 0.01
Extraversion 0.00 0.01 0.745 -0.02 0.01
Openness 0.02 0.01 0.106  0.00 0.04
Agreeableness 0.01 0.01 0.325 -0.01 0.04
Conscientiousness 0.01 0.01 0.317 -0.01 0.04

Technology use self-efficacy  0.59 0.04 <0.001 0.52 0.66

Dependent variable: attitude toward robot equipment.

Appendix B

Table B Robust regression analysis for attitude toward robot coworker
Study 1 (N=985)

Measure B SEB p 95% CI

Age 0.00 0.01 0.357 -0.01 0.01
Female gender —-0.15 0.13 0.220 -0.40 0.09
Education -023 0.12 0.060 —0.48 0.01
Engineering degree 0.43 0.16 0.007 0.12 0.74
Prior robot use experience 0.31 0.13 0.019 0.05 0.57
Neuroticism -0.03 0.01 0.037 —0.05 0.00
Extraversion -0.02 0.01 0.225 —-0.04 0.01
Openness 0.02 0.02 0.153 -0.01 0.06
Agreeableness 0.01 0.02 0.463 —-0.02 0.05
Conscientiousness -0.01 0.02 0.539 —0.05 0.03

Technology use self-efficacy 0.52 0.05 <0.001 042 0.63

Dependent variable: attitude toward robot coworker.
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Appendix C

Instructions for respondents in Study 2 experiment.
Respondents were instructed in the experiment as follows:

GROUP A When thinking about fully teleoperated
robots (robots fully operated by a human), how com-
fortable would you be about

GROUP B When thinking about semi-autonomous
robots (robots which partly share control with a human),
how comfortable would you be about

GROUP C When thinking about fully autonomous
robots (robots acting independently without human
intervention), how comfortable would you be about

... using a robot as equipment at work?
... having a robot as your co-worker?
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