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After viewing video vignettes of human interactions with a novel soft growing robot, we  Received 11 May 2023
found that participants reported fewer perceived safety hazards, less anxiety and fear about ~ Accepted 13 November 2023
robots, reduced social hesitancy about human-robot collaboration (HRC), and lower KEYWORDS
technology-induced fears of job insecurity. Unlike prior research with traditional rigid Psychosocial reactions; soft
manipulators, we found that the manipulated proximity of the human-robot interactions was robots; human-robot collaboration
unrelated to any of these outcomes, suggesting closer interactions may be possible without

adverse psychological resistance. On the other hand, fear of robots, perceived hazards,

technology-induced job insecurity, and robot anxiety were all significantly lower when

human-robot interactions were slower. Interestingly, participants with more extensive prior

robot experience displayed preferences for faster HRC interactions. Many occupations are ripe

for automation within the next two decades, yet technical and psychological barriers to

adoption remain. Our research suggests that novel soft growing flexible robots may be a

fruitful area for future advancements.

TECHNICAL ABSTRACT

Background: A growing body of literature exists on the determinants of psychosocial
reactions to human-robot collaboration (HRC), including prior experience working with
robots, speed of human-robot interactions, and the level of proximity between the human
and the robot. However, the results from this emerging literature and implications for
occupational settings have largely been based on research involving traditional rigid
robots.

Purpose: Advancements in novel soft growing flexible robots necessitate evaluating how and
whether such prior research generalizes to this new class of robots.

Methods: By manipulating the speed and proximity of an HRC task, and by measuring
psychosocial robot-related attitudes pre- and post-task among research participants (N=112),
we evaluated the main and interactive effects of speed, proximity, and prior robot experience
on perceived safety hazards, fear of robots, robot anxiety, technology-induced job insecurity,
and social hesitancy toward robots.

Results: Following observations of HRC with the novel soft robot, participants perceived
fewer safety hazards associated with working with robots, expressed less anxiety and fear
about robots, reported less social hesitancy about HRC, and had lower levels of
technology-induced fears of job insecurity. Proximity was unrelated to any of these
outcomes, whereas fear of robots, perceived hazards, technology-induced job insecurity,
and robot anxiety were all significantly lower under slower speed conditions. Finally,
participants with more extensive prior robot experience displayed preferences for faster
HRC interactions.

Conclusions: Many occupations are ripe for automation, yet technical and psychological
barriers to adoption remain. Our findings indicate potential advantages posed by novel soft
growing robots relative to traditional rigid robots. Closer interactions without adverse effects
on psychosocial reactions may be possible with this newer class of robots. Developing
variable speed soft robots, which can be adjusted as user experience grows, may also be
useful technical avenue to pursue.
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1. Introduction

Accelerated by the COVID-19 pandemic, the world of
work is undergoing momentous change. Nearly half of
all occupations (including those in production, trans-
portation, extraction, and agriculture) are ripe for
automation within the next two decades (Frey &
Osborne, 2017). At the same time, labor shortages
within the US. have plagued post-pandemic recovery
efforts and are particularly dire for jobs in harsh
occupational environments with high health and safety
risks. As a result, increased incorporation of automa-
tion and human-robot collaboration (HRC) has the
potential to address some of these challenges associ-
ated with the future of work. Yet, adoption of collab-
orative robots in the workplace has remained low,
often due to psychosocial barriers such as lack of trust
and fears of technology-induced obsolescence (Gorke
et al., 2017).

Currently, traditional rigid robots and manipula-
tors dominate in the industrial realms of manufac-
turing, logistics, and process automation. The
inherent design of these technologies is advantageous
due to the precision, reliability, and reduced cost
over longer working periods (Lasi et al., 2014).
However, these rigid robotic platforms must be cov-
ered by cages, so are inaccessible to workers during
execution, and there are strict safety procedures
required to operate these robots (e.g. ISO regulations
requiring a minimum distance of 20 inches when
operating alongside rigid manipulators). Even with
these stringent safety protocols, there have been
tragic incidents in recent years involving robotic
manipulators, including accidental deaths (Collins,
2015). Yet, with increasing manufacturing complexity.
coupled with the needs from emerging areas such as
healthcare, warehousing, and other labor-intensive
fields, the need for robots that can safely collaborate
with humans remains high. As one indication of this
need, Amazon has been sponsoring an annual
Amazon Picking Challenge since 2015, because pick-
ing and placing tasks with thousands of different
objects in their warehouses continue to be executed
by employees instead of commercial manipulators
(Corbato et al., 2018).

Unfortunately, while there is clear demand for col-
laborative robots, technical and psychosocial barriers
to such HRC remain (Dzedzickis et al. 2021). Indeed,
in their recent call for research at the intersection of
technology and worker well-being, NIOSH scientists
acknowledged that new technologies, such as robots
and autonomous systems, can dramatically increase
productivity yet may also risk exacerbating

work-related stressors and psychological distress
(Felknor et al., 2022). Moreover, higher levels of
job-related stress can induce cognitive failures, which
in turn can lead to higher rates of injuries and acci-
dents at work (Bridger et al., 2010; Linden et al,
2005; Petitta et al., 2019). An increased prevalence of
robots has also been associated with greater percep-
tions of job insecurity, an increased risk of burnout,
and a greater enactment of workplace incivility (Yam
et al., 2023).

While much of the extant literature on HRC in
industrial settings involves traditional rigid manipula-
tors, recent advancements over the past decade (see
Rus & Tolley, 2015 for a review) have been made in
the development of Next Generation (NextGen) soft
robots (see Figure 1). Such robots are composed of
flexible or stretchable materials and have the potential
for greater inherent safety, superior reach and accessi-
bility, and lower capital and operating costs (Negrello
et al, 2019; Xing et al., 2020). Not surprisingly, the
demand for these next generation robots is expected
to grow exponentially in the coming years, with mar-
ket valuation expected to increase from just over $1
billion in 2020 to more than $6 billion by 2026
(Mordor Intelligence, 2021). To date, most soft robot-
icists have focused their efforts primarily on sensing,
control, and planning technologies in the absence of
user input (i.e. without gauging the experience of the
users who will eventually operate the soft robots).
Thus, while novel soft robots have the potential to
more safely, inexpensively, and effectively interact with
humans in high complexity environments, there has
been no empirical assessment, to our knowledge, of
the extent to which humans may be resistant to work-
ing alongside soft robots, nor the psychosocial

Figure 1. An example of a novel soft growing robot.
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correlates of such resistance. Moreover, because these
soft, flexible, growing robots have not yet achieved
widespread use, few have had the opportunity to
interact with such robots or observe others doing so.

Therefore, the purpose of our research was
three-fold. First, we investigated the extent to which
exposure to soft robotic technology, via an observa-
tion of a HRC task, will be associated with less adop-
tion hesitancy, perceived safety hazards, fear, anxiety,
and technology-induced job insecurity following the
task observation. Second, because previous research
with rigid robots has demonstrated the relevance of
speed and proximity in HRC, we experimentally
manipulated these two factors to determine whether
attitudes toward HRC with a soft robot vary as a
function of slow vs. fast and near (i.e. collaborative)
vs. far (i.e. cooperative) HRC interactions. Third,
because individuals vary in the extent to which they
have had prior experience interacting with robots and
autonomous systems, we also evaluated the extent to
which prior robot-related experiences moderate the
impact of speed and proximity on psychological
attitudes.

Hypothesized Effects of Robot Exposure

Prior research generally suggests that exposure to
robots can be beneficial toward breaking down nega-
tive attitudes and assumptions about robots. For
example, research by Pérez et al. (2020) involving
rigid manipulators found that psychological attitudes
toward and acceptance of HRC were influenced by
prior experience working with robots, with experts
generally reporting greater confidence and more posi-
tive attitudes compared to novices. Similar findings
were reported by Miiller-Abdelrazeq et al. (2019), such
that research participants with greater prior
robot-related experience reported fewer negative atti-
tudes toward robots. In the latter study, HRC attitudes
also improved from initial baseline levels, with partic-
ipants indicating increased positive attitudes and
decreased technology-related job insecurity following
an experimental interaction with a robot. While these
earlier studies were conducted with rigid manipula-
tors, we similarly expect that exposure to the soft
growing robot via the video vignette will result in
more positive attitudes post-observation compared to
baseline. Thus, we hypothesized:

Hypothesis 1: Attitudes toward HRC will improve
from pre- to post-task, such that perceived safety haz-
ards, fear, anxiety, job insecurity, and social hesitancy
will decline over time, whereas rated robot warmth
will increase.

Potential Effects of Proximity

According to Schmidtler et al. (2015), human-robot
interactions can range from: (a) mere coexistence
involving limited temporal and spatial overlap; to (b)
cooperation, involving completion of a shared task via
strict division of labor’ and (c) collaboration, where
human operators and robots are in direct contact and
exchange forces to complete an assigned task. With
those latter two classifications in mind, our study
manipulated the proximity of human-soft robot inter-
actions to compare psychosocial reactions between
cooperation during a shared task (i.e. low proximity)
and actual collaboration involving direct contact (i.e.
high proximity).

As noted earlier, human interactions with rigid
robots are strictly controlled due to the potential for
high energy contact and work-related injuries and
fatalities. Perhaps not surprisingly, prior research has
found that perceived trust ratings (MacArthur et al,
2017), as well as comfort, likeability, and task com-
pletion time (Kim & Mutlu, 2014) were worse when
robots and humans interacted more closely. Similarly,
Stark et al. (2018) found that participants exhibited a
tendency to physically move away from a robot arm
when it entered their personal space, indicating a
level of physical discomfort. Indeed, Arai et al. (2010)
concluded, based on physiological and self-reported
measures of stress during interactions with a rigid
robot, that a minimum distance of 2 m was needed
for optimal HRC.

However, we posit that these generally negative
effects may be due to the nature of the rigid manip-
ulators and that the real and perceived harm that can
occur when operating in close proximity to such
robots. Unlike traditional industrial rigid manipula-
tors, soft flexible growing robots are inherently
designed to absorb contact forces, thus potentially
mitigating these psychosocial concerns. Moreover,
research on the development of humanoid robots for
human comfort (e.g. to aid children with sensory
processing disorders) has found that participants not
only preferred robots that were soft, but also consid-
ered them to be safer (Block Block & Kuchenbecker,
2019). As a result, whereas psychosocial reactions to
close interactions with rigid robots might be more
negative than distant interactions, proximity may be
less predictive of reactions to interactions with soft
robots. Thus, we posed the following research
question:

Research Question 1: Will proximity remain a signifi-
cant predictor of psychological reactions to a soft
robot, that is, perceived safety hazards, fear, anxiety,
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job insecurity, and social hesitancy, and perceived
robot warmth?

Hypothesized Effects of Speed

Research using rigid manipulators has typically found
that greater speed in HRC is associated with more
negative outcomes, such as increased anxiety (Kulic &
Croft, 2005), greater perceived workload (Koppenborg
et al, 2017), and more time pressure (Story et al,
2022). MacArthur et al. (2017) found that participants
reported greater trust when interacting with robots
that approached them slowly compared to robots that
were sped up. On the other hand, Story et al. (2022)
found that participant frustration was higher when
robot speeds were perceived to be too slow. Based on
the preponderance of evidence (and despite the fact
that the extant literature has only been done with
rigid manipulators), we similarly predicted that:

Hypothesis 2: Compared to the slow HRC condition,
fast robot speeds will be associated with more nega-
tive psychological reactions, namely higher safety haz-
ards, fear, anxiety, job insecurity, and social hesitancy,
and lower perceived robot warmth.

Prior Robot Experience as a Moderator

While there is a growing body of literature examining
the direct effects of prior experience working with
robots on attitudes toward HRC (e.g. De Graaf &
Allouch, 2013; Halpern & Katz, 2012; Nomura et al.,
2006; 2011; Weiss et al., 2009), we know of no
reported research that has examined how such prior
experience might moderate the effects of manipulable
design features of HRC, such as speed and proximity.
Thus, it is unknown whether the hypothesized effects
of speed and proximity might be stronger or weaker
among individuals who have more vs. less prior expe-
rience interacting with robots. As such, we sought to
address this gap in the literature. Specifically, and
based on prior findings that increased experience is
generally associated with more favorable outcomes,
we anticipated that individuals with greater prior
robot experience will exhibit attenuated effects as a
result of the experimentally manipulated design fea-
tures. In other words, manipulated changes in prox-
imity and speed would have less effect on psychosocial
reactions of high prior exposure participants. We
hypothesized that:

Hypothesis 3: Prior experience will moderate the
effects of proximity (H3a) and speed (H3b) on psy-
chosocial reactions to the soft robot HRC.

2. Methods
2.1. Participants

Our study (protocol #19929-001) was classified as exempt
on 8 March 2023 by the Human Research Protection
Program within the Office of Research Assurances at
Washington State University. The university's SONA sys-
tem was used for the recruitment of N=122 participants,
as this system allows researchers to post a study to an
online platform in which students opt into studies follow-
ing their informed consent in exchange for credits. Those
credits can then be applied toward research participation
for course assignments and/or extra credit. Qualification
for this study required that the student be at least 18years
old, with a mean participant age of 20.78 (SD=3.36). The
gender of the participants was predominantly (79.5%)
female. Seventy-three percent of the participants were
White; 11.5% were Asian, 7.4% Black or African
American, and 15.6% of Hispanic or Latinx ethnicity.
Nearly half (47.5%) of respondents indicated they were
full-time, non-working students; an additional 41.8% were
employed part-time, and 4.9% were employed full-time.
A majority (59.8%) indicated they had some level of prior
interactions with robots, with 24.6% reporting some
degree of experience building a robot, and 48.4% report-
ing some experience controlling a robot.

2.2. Materials and Experimental Manipulations

Figure 2 provides an overview of the experimental
procedure which is described in greater detail below.

The Human-Robot Collaboration Task
A series of four video vignettes (near-slow, near-fast,
far-slow, and far-fast) were created to post in the
online study so that participants could observe the
manipulated human-robot interactions to perform an
assigned task. The objective of the task was for the
worker to build a pyramid, which required six cubes
that the robot delivered to the worker one at a time.
The worker then stacked those cubes into a pyramid
as they were delivered by the robot. For the coopera-
tive (low proximity) conditions, the robot dropped the
cube into a box, after which the worker removed the
cube from the box to place in the pyramid. For the
collaborative (high proximity) conditions, the worker
took the cube directly from the robot arm then placed
the cube in the pyramid. Thus, in the high proximity
interaction, there was an actual exchange of forces
between the robot and human (Figure 2).

In order to maintain as much consistency as possi-
ble across the video vignettes, speed was manipulated
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Sign Up via SONA
System

Complete Post-
Task Survey

Measures Condition

Figure 2. Flowchart of experimental procedure.

Pressurized Enclosure

Steering
System

Fabric Arm

End-Effector
Mount

Figure 3. Soft-growing manipulator arm robotic system used
in current study.

by digitally altering the speed of the recorded vignettes,
rather than by recording separate videos that could
have inadvertently introduced unmeasured confound-
ing variables. In the slow condition, the real-time
recorded versions of the original low and high prox-
imity vignettes were maintained. For the fast condi-
tions, the speed was digitally increased by 75% for the
close and far proximity vignettes. This was the maxi-
mum increase in video speed that resulted in an
appreciably faster series of interactions while still
maintaining plausibility (ie. movements did not
appear jerky or unnatural), while also avoiding any
potential confounding variables that might have

Redirect to Qualtrics
Survey System

Watch HRC Video for
Assigned Experimental

Completion of Demographics
and Baseline Survey Measures

Random Assignment to
Experimental Condition

e Fast — High Proximity
e Fast — Low Proximity

¢ Slow — High Proximity
¢ Slow — Low Proximity

Figure 4. Soft gripper before and after inflation.

occurred with a new set of video recordings (e.g.
slightly different variations in cube placement, human
movements, etc.).

The Soft Robot

The robotic system used in this study was a novel,
low cost, soft-growing manipulator arm (Dorosh et al.,
2023; see Figure 3). The soft-growing manipulator
arm has four main subsystems: a fabric arm, a pres-
surized enclosure, a steering system, and an
end-effector mount. The robot was designed to oper-
ate at high pressures, have an entirely self-supported
arm, and have the steering method located at the base
of the arm. The robot can navigate within its
conical-like workspace (a radius of 1.2 m, and 60
degrees of actuation in the 2D plane) by changing the
length of the fabric arm and by adjusting the angle of
the arm at its base. The end-effector mount has an
inner and outer shell that traverses the arm as it
changes length by interacting via roller magnets
(Luong et al., 2019). The soft gripper used in this
study was mounted onto the front of the
end-effector mount.
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Figure 5. Depiction of how the camera system controls the robot’s position during the task.

A soft inflatable gripper was utilized to move the
cubes during pick and place tasks (Stroppa et al., 2021).
To simplify the manipulation task, which required pre-
cise control over both position and orientation, mag-
nets were embedded inside both the gripper and the
cubes. This enabled the cube to attach to the soft grip-
per within a certain distance. To detach the cube, the
silicone balloon inside the gripper were inflated to
counteract the magnetic force (Figure 4).

In order to complete the pyramid building task
described above, several waypoints were pre-defined
for the robot planner, including the locations at which
the robot should grasp and release the cube, and the
time slots for each motion. To enable the robot arm
to reach the desired points and for the gripper to
actuate, a motion capture system (six OptiTrack Prime
X13 cameras) was utilized to track the 3D position of
the robot’s end effector in real-time. This information
was sent to the computer, which updated the robot’s
position. The feedback loop system then guided the
robot to reach the desired position and to determine
whether or not the soft gripper should be inflated.
Figure 5 summarizes the system used to control the
robotic system in this demonstration.

2.3. Measures

After participants had provided their informed con-
sent, they were asked to provide demographic infor-
mation (including prior experience with robots) and
to complete a battery of baseline HRC psychosocial
measures (using Qualtrics) prior to being randomly
assigned to view one of the four experimental condi-
tion videos. Following the video, participants were
asked to complete the same set of psychosocial mea-
sures to evaluate changes over time due to exposure

to the novel soft-growing robot. For all measures
noted below, mean responses were used to create an
overall scale score for each variable.

Prior Robot Experience (Pre-Test Only)

The extent of prior robot experience was assessed
using the 4-item scale of Schaefer (2016). Using a
5-point Likert scale (1-none at all to 5-a great deal),
participants indicated how much they had observed
robots on TV or in movies, interacted with robots,
built robots, or controlled robots.

Perceived Safety Hazards

Perceived safety hazard perceptions were measured by
adapting the work environment risk sub-scale by Neal
et al. (2000), which assesses dangers and risks in the
physical work environment. For the purposes of this
study, the referent of “workplace” was modified to
“working with robots” Participants indicated their
perceived level of robot-related safety risk or hazards
to 3-items (one reverse coded) on a 5-point Likert
scale (1-strongly disagree to 5-strongly agree).

Robot Fear

The 5-item scale by McClure (2018) was used to measure
robot fear. These items began with the phrasing “I am
afraid of... “and then were followed by phrasing such as
“technology that I don't understand” and “robots that can
make their own decisions and take their own actions” A
5-point Likert scale was used to indicate agreement
(1-strongly disagree to 5-strongly agree).

Robot Anxiety
The 4-item scale for robot anxiety assessed negative
emotions generated from having to use robots
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(Heerink et al, 2010). Using a 5-point Likert scale
(1-strongly disagree to 5-strongly agree), the items que-
ried whether the participant was intimidated or scared
of robots and whether they feared making mistakes or
breaking the robot.

Robot Warmth

To gauge robot warmth, the scale by Reeves et al.
(2020) was used, which lists nine traits (tolerant,
warm, good natured, sincere, competent, confident,
independent, competitive, and intelligent). Using a
5-point Likert scale (1-strongly disagree to 5-strongly
agree), participants indicated their agreement of
whether robots had that trait.

Technology-Related Job Insecurity

A 5-item scale adapted from Lee et al. (2022) assessed
technology-related job insecurity, by asking whether
participants felt the use of robots would give them
less control over their work, make it more difficult to
use their skills and abilities, result in less interesting
work, or reduce their pay and create unwanted changes
to their working hours. The scale used a 4-point
Likert scale (1-not at all worried to 4-very worried).

Social hesitancy

To assess social hesitancy, six items from the scale cre-
ated by Nomura et al. (2006) were used to gauge par-
ticipants reactions to working with robots, such as
feelings of uneasiness or nervousness related to being
observed operating a robot. A 5-point Likert scale
(1-strongly disagree to 5-strongly agree) was used, with
higher scores indicating more hesitancy toward the use
of robots.

2.4. Data Analysis

All analyses were performed using SPSS. Prior to con-
ducting tests of our hypotheses, we first screened our
data for the presence of any multivariate outliers by
computing the Mahalanobis distances for each partic-
ipant and removing any participant who was a multi-
variate outlier using a p < .001 criteria for the
chi-square distribution. This resulted in the removal
of two participants. An additional eight participants
were removed due to study attrition during the course
of data collection, leaving a final sample of N=112.
Additionally, we conducted preliminary checks to con-
firm the normality of the data by computing skewness
and kurtosis for all measured variables. None of the
variables exceeded the recommended threshold of 3
for skewness or 10 for kurtosis (Brown, 2015).

In order to test Hypothesis 1, we conducted a
multivariate, repeated-measures analysis of variance
with the within-person factor consisting of the pre-
and post-measures of our six dependent variables.
The remaining Research Question and Hypotheses
were tested using a multivariate ANOVA with speed
and proximity as dichotomous independent vari-
ables and prior experience as a continuous
moderator.

Due to the imbalanced gender distribution of par-
ticipants, and because of conflicting evidence regard-
ing possible differing levels of technology acceptance
(c.f., Breakwell et al., 1986; Wong et al., 2011), we
first assessed whether there were any significant dif-
ferences in any of our pre- or post-measures as a
function of gender, or as an interaction between gen-
der and prior robot experience. Both of these were
non-significant: F(12, 97) = 1.55, ns and F(12, 97) =
1.62, ns, respectively, suggesting no effects of gender
on any of our dependent variables. Additionally, after
entering gender as a control variable in our repeated
measures analysis of variance, we found that its
inclusion did not alter the direction or significance
of the pre-post changes in attitudes, F(6, 105) = 2.04,
ns. Therefore, based on recommendations (e.g.
Spector & Brannick, 2011) to avoid inclusion of spu-
rious control variables, we report our full results
without this variable.

3. Results
3.1. Manipulation Checks

Results indicated that our experimental manipulations
significantly affected participant perceptions of speed
and distance. Participants in the slow condition rated
the robot speed significantly (M=20.14,
SD=13.46) compared to participants in the fast con-
dition (M=30.07; SD=16.43), F(1, 110) = 12.23, p <
.001, #*=.10. Similarly, participants in the close prox-
imity (collaborative) condition rated the distance of
the human-robot interactions as significantly closer

slower

Table 1. Changes in robot-related attitudes following observa-
tion of the HRC task.

Pre-Task  Post-Task
Outcome M (SD) M (SD) F(,111) p n?
Perceived safety hazards 2.94 (73) 2.31(82) 60.987 <.001 .36
Robot fear 3.40 (.87) 2.13(.97) 145.723 <.001 .57
Robot anxiety 323 (.82) 2.26 (.89) 90.246 <.001 45
Robot warmth 3.07 (.81) 2.68 (.85) 20.816 <.001 .16
Technology-related job ~ 2.46 (.70) 2.12 (.83) 35.357 <.001 .24
insecurity
Social hesitancy 2.99 (.80) 2.35(.87) 51.841 <.001 .32
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(M=35.23, SD=20.85) than participants in the distant
(cooperative) condition (M=44.02; SD=24.56), F(1,
109) = 4.13, p = .044, 7?=.04.

3.2. Test of Hypothesis 1: Effects of Increased
Exposure

The multivariate repeated measures ANOVA indi-
cated that there was a significant change in
robot-related attitudes following the observation of
the HRC task, F(6, 106) = 31.22, p < .001, n*=.64.
Tests of the univariate effects, as well as means, stan-
dard deviations, and effect sizes, can be found in
Table 1. In support of Hypothesis 1, participants per-
ceived fewer safety hazards associated with working
with robots, expressed less anxiety and fear about
robots, reported less social hesitancy about HRC, and
had lower levels of technology-induced fears of job
insecurity following the HRC observation with the
soft robot compared to their original baseline levels.
Counter to expectations, however, following the HRC
observation, participants reported less warmth
toward robots.

3.3 Test of Research Question 1 and Hypothesis 2:
Main Effects of Proximity and Speed

In exploring Research Question 1, the multivariate
ANOVA indicated no significant effects of proximity on
participant attitudes, F(6, 101) = 0.46, ns, 1*=.03. In
other words, proximity was not a significant predictor
of any psychosocial reactions to the observed HRC. In
support of Hypothesis 2, there were significant main
effects of speed on participant attitudes, F(6, 101) =
332, p = .005, n*=.17. Specifically, fear of robots
(B=-1.56, p = .024), perceived hazards (B=-1.22,
p=.038), technology-induced job insecurity (B=-1.19,
p = .044), and robot anxiety (B=-1.96, p = .002) were
all significantly lower when observing slower HRC
interactions. No significant effects were found for
warmth or social hesitancy. See Table 2 for the com-
plete set of parameter estimates.

3.4. Test of Hypothesis 3: Moderating Effects of
Prior Robot Experience

Contrary to Hypothesis 3a, prior robot experience
did not significantly moderate participant reactions to

Table 2. Parameter estimates and effect sizes for main and interaction effects.

Outcome Parameter B t n?
Warmth Intercept 2.48
Speed 97 1.64 .03
Distance —-0.02 —-0.03 .00
Prior Experience .09 33 .00
Speed x Prior —-0.58 -1.91f .03
Distance x Prior a5 A5 .00
Robot Fear Intercept 2.65
Speed -1.56 —2.29* .05
Distance 71 .98 .01
Prior Experience -0.32 -1.06 .01
Speed x Prior .83 2.33% .05
Distance x Prior -0.32 -0.84 .01
Perceived Safety Hazards Intercept 3.14
Speed -1.22 -2.10* .04
Distance .07 1 .00
Prior Experience -0.41 -1.60 .02
Speed x Prior .57 1.88" .03
Distance x Prior -0.03 -0.10 .00
Social Hesitancy Intercept 2.48
Speed -0.90 -1.45 .02
Distance .83 1.28 .02
Prior Experience -0.13 -0.48 .00
Speed x Prior 44 1.39 .02
Distance x Prior -0.31 -0.91 .00
Job Insecurity Intercept 2,57
Speed -1.19 —-2.03* .04
Distance .58 .94 .01
Prior Experience -0.30 -1.16 .01
Speed x Prior .67 2.20* .04
Distance x Prior -0.26 -0.80 .01
Robot Anxiety Intercept 3.17
Speed -1.96 —3.25*% .09
Distance .50 77 .01
Prior Experience -0.42 —-1.58 .02
Speed x Prior .86 2.75% .07
Distance x Prior -0.24 -0.71 .01

Note: 'p < .10, *p < .05;. Speed: 0=fast; 1=slow; Distance: 0=near; 1=far.
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Figure 6. Moderating effects of prior experience on reactions to speed manipulation.

HRC proximity, F(6, 101) = 0.94, ns, #*=.02. However,
in support of Hypothesis 3b, there was a significant
multivariate interaction effect between prior robot
experience and our speed manipulation, F(6, 101) =
3.15, p < .01, #*=.16. Specifically, as shown in Table
2, prior experience with robots significantly attenu-
ated the effects of speed on perceived robot warmth,
fear, safety hazards, anxiety, and robot-induced job
insecurity. The form of the significant interactions is
further depicted in Figure 6, where prior experience
is plotted at +/- 1 SD from the mean, as recom-
mended by Aiken and West (1991). As can be seen,
when prior experience with robots is low, faster HRC
is associated with less robot warmth, and more fear,
safety hazards, anxiety, and job insecurity. However,
among participants who had higher levels of prior
robot experience, these effects were reversed. In other
words, participants with greater prior robot experi-
ence reacted more positively to the faster robots,
whereas the opposite was the case for participants
with low prior experience.

4. Discussion
4.1. Summary of Findings and Implications

Adoption of collaborative robots into occupational set-
tings has remained low, often due to psychosocial bar-
riers such as lack of trust and fears of technology-induced

obsolescence (Gorke et al., 2017). Recent advance-
ments in the development of novel soft robots (Rus &
Tolley, 2015) necessitate a better understanding of
psychosocial reactions to working alongside these
newer forms of robots, particularly given that the vast
majority of prior research has involved assessments of
and interactions with traditional rigid manipulators
(see Jorgensen et al., 2022 for a rare exception). Thus,
the purpose of our research was to examine how psy-
chological reactions to observing human interactions
with a novel soft growing robot would change over
time and vary as a function of prior experience with
robots, speed of the observed HRC, and level of HRC
proximity.

We expected (Hypothesis 1) that attitudes toward
the soft robot would improve from pre- to post-task
(i.e., as participants gained exposure to the novel soft
growing robot). In support of this, the initial results
indicated that increasing exposure to novel soft robots
results in generally more positive attitudes. Across
nearly every outcome measured, participant attitudes
were more positive following the viewed HRC interac-
tion with the soft robot compared to their baseline
levels. Specifically, participants perceived fewer safety
hazards associated with working with robots, expressed
less anxiety and fear about robots, reported less social
hesitancy about HRC, and had lower levels of
technology-induced fears of job insecurity following
the HRC observation.
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Interestingly, the exception to this outcome was per-
ceived robot warmth, which decreased from baseline
attitudes to post-observation of the robot. This differ-
ence may be due to the observed tendency for humans
to anthropomorphize robots (Zlotowski et al., 2015).
However, Kahn et al. (2007) described six features of
HRI necessary to facilitate such anthropomorphism:
autonomy, imitation, intrinsic moral value, moral
accountability, privacy, and reciprocity. Therefore, once
our participants viewed the robot used in this study (a
robotic arm with no discernable humanoid features),
their initial baseline expectations may have been dis-
confirmed, resulting in a decrease in rated warmth.

The answer to our exploratory Research Question 1
indicated that, contrary to extant research involving
rigid robots, participant reactions did not vary as a
function of the distance between the human and
robot. In other words, attitudes were uniform regard-
less of whether the task involved cooperation (i.e.
physically separated completion of the joint task) ver-
sus actual collaboration (i.e., exchange of forces
during the HRC). The fact that proximity was unre-
lated to attitudes toward the soft robot may be a pos-
itive indicator. While some research (e.g. Arai et al,
2010; Kim & Mutlu, 2014; MacArthur et al., 2017;
Stark et al., 2018) indicates that closer HRC proxim-
ity is associated with more negative participant reac-
tions, such research has been conducted with rigid
robots. Yet, to achieve true collaboration between
humans and robots, an exchange of forces (i.e. close
proximity joint completion of tasks) is required. Our
preliminary findings indicate this may be possible
with a soft robot without leading to negative partici-
pant reactions; however, see our acknowledged limita-
tions below and need for additional research to
further explore this possibility.

Further, and as hypothesized in Hypothesis 2, par-
ticipant reactions were generally more positive under
slower HRC interactions compared to the faster con-
dition. From a human factors perspective, although
the results of this experiment provide only prelimi-
nary evidence, they indicate that speed remains a rel-
evant factor to consider when predicting how humans
might react to HRC interactions with soft robots.
Namely, faster speeds resulted in more self-reported
concerns about physical safety hazards, greater robot
fears and anxiety, and more worries about robots
replacing human jobs.

Finally, as predicted by Hypothesis 3, the level of
prior robot experience moderated many of the rela-
tionships between speed and participant reactions,
such that participants with greater prior robot experi-
ence reacted more positively to the faster robots

whereas the opposite was true for low prior experi-
ence participants. These moderating effects suggest
that a one-size-fits-all solution with speed is not fea-
sible, and may prompt the need for the development
of variable speed robots that can be adjusted as a
function of user experience levels. Namely, as users
are first gaining comfort with and trust in the robot,
slower speeds may be more conducive to developing
these positive attitudes; on the other hand, as user
experience grows, more positive psychosocial reactions
may occur with somewhat faster HRC interactions.

4.2. Limitations and Directions for Future
Research

As technological advances continue within the field of
soft robotics, and as these NextGen robots are increas-
ingly integrated within occupational settings (e.g.
Dorosh et al., 2023), applied research such as the cur-
rent study is required to evaluate the extent to which
prior research (primarily involving rigid robotic
manipulators) generalizes to HRC with these novel
soft growing robots. Nevertheless, a limitation of our
current study is that only self-reported attitudinal
reactions were obtained. To address this,
research should utilize objective physiological mea-
surements of stress reactions (e.g. heart rate variability,
galvanic skin response, and cortisol levels) while
manipulating speed to further confirm this result.
Additionally, such research should involve actual phys-
ical interactions between research participants and the
soft robot, rather than viewing prerecorded vignettes.

While it is encouraging that proximity was unrelated
to attitudes toward the soft robot, it is important to
acknowledge a further limitation with our study—par-
ticipants only viewed HRC interactions that varied in
speed and proximity, rather than actively engaged in
HRC interactions that varied along these dimensions.
Additionally, our proximity manipulation only had two
discrete conditions (i.e. dropping the cube in a box vs.
handing the cube to the worker). Other relevant prox-
imity manipulations would be worthwhile to explore
(e.g. the worker catching a cube dropped by a robot arm).

Moreover, the robot used in our study was not loco-
motive. Other research (e.g. Story et al, 2022) has failed
to find hypothesized proximity effects when investigating
reactions to HRC where the robots or robotic arms are
fixed in place. Thus, further experimental research is
needed that would allow participants to actually engage
in interactions with the soft robot to further disentangle
these plausible alternative explanations. Similarly, research
is needed that also directly compares interactions with
both rigid and soft robotic manipulators.

future
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Such in-person experiments would be more ideal
compared to our video vignette study. However,
because this is the first study to specifically investigate
speed, proximity, and prior experience as factors
affecting psychosocial reactions to a soft growing
robot, this initial study serves as a proof of concept
that such an in-person experiment is worth the time,
funding, and effort that would be required to conduct
such a study. For example, a 2 (soft vs. rigid) x 2 (fast
vs. slow) x 2 (close vs. distant) design results in eight
unique conditions. Because only one participant could
be run per session, a minimum sample size of N=25
individuals in each cell would require 200 participants,
necessitating at least 200h in the robotic laboratory to
run this experiment. This is in addition to grant fund-
ing to support the participant costs and robotic sup-
plies. While this is our intended next step, such a
study was not feasible to do this before establishing
the proof of concept in the current initial study.
Indeed, the fact that significant effects were observed
even with the current video vignette design suggests
that we might see larger effects when participants are
given the opportunity to actually physically interact
with the different robots and under the differing
conditions.

The soft growing manipulator discussed in this
paper is still in the early stages of development, and
therefore our data for the current study relied on a
convenience sample of undergraduate students, rather
than a more ecologically valid sample of workers in
an occupational setting, and used a relatively simplis-
tic cube-stacking task. However, it is important to
note that such picking and placing tasks are common-
place in the workplace in a variety of occupations and
industries. For example, Amazon sponsored a series of
Robotics Challenges specifically targeting picking and
placing tasks to address the high need for robots to
accomplish this seemingly simple task. In the case of
transportation and warehousing, robots are needed to
work alongside humans to pick and places objects
(e.g. boxes and packages) in a specific way.

Nevertheless, moving forward, our engineering group
will focus on optimizing our robots performance,
which will include increasing the variety of controllable
speeds, improving position precision, and reducing
vibration. As that progresses, we plan to conduct future
studies manipulating speed, proximity, and type of
manipulator to extend these preliminary results and
allow for better direct comparisons with traditional
rigid robots, as well as while engaged in more complex
tasks. Moreover, we plan to collect reaction data from
assisted living caregivers, as well as agricultural employ-
ees working alongside these newer robot forms in tree

orchards in order to enhance the external generalizabil-
ity of our current laboratory-based results.

We also recommend that future research obtain a
more gender-balanced sample in order to avoid any
confounding or bias due to potentially varying levels
of technology acceptance between groups. Some pre-
vious research (e.g. Breakwell et al., 1986) has found
gender differences with respect to technology accep-
tance, although other more recent research (e.g. Kim
et al., 2012; Wong et al., 2011) has not. Our prelim-
inary analyses evaluating the effects of gender did
not reveal any significant effects. Nevertheless, to
better facilitate detection of such effects, further
research in this area should ensure more balanced
sampling.

5. Conclusions

Information regarding psychosocial reactions to work-
ing alongside NextGen robots, as well as how user
reactions may differ as a function of technical design
features (e.g. speed, haptics, form, and proximity), can
provide valuable insight into improving soft robotic
design in occupational settings. Our findings indicate
that speed remains a salient factor when evaluating
psychosocial reactions to HRC, such that in general
more negative reactions occur in response to faster
interactions (supporting H2). Interestingly, individuals
with greater prior experience with robots were less
affected by the speed manipulation, indicating that as
humans gain more experience working alongside and
interacting with robots, speed may be less of a limiting
factor (supporting H3). This outcome is aligned with
our pre-post effects indicating that overall attitudes
became significantly more positive following observa-
tion of the HRC interaction compared to baseline levels
(in support of H1). Moreover, and in contrast to the
effects of proximity (RQ1) seen in prior research with
traditional rigid robots, participant reactions to the soft
robot in our study did not vary as a function of prox-
imity, thus suggesting closer interactions without
adverse effects on psychosocial reactions may be possi-
ble with this newer class of robots. Given these find-
ings, further exploration of the advantages posed by
novel soft growing robots may have the potential to
address several current limitations in the field of HRC,
including not only safety, functionality, cost, and weight,
but also human psychosocial factors. These HRC chal-
lenges are not just technical problems in academia;
rather, understanding challenges at the human-robot
interface will determine how industry robots must look
and perform in the future world of work.
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