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Industry 4.0, characterized by the integration of advanced technologies across various industrial domains, is now evolving into
Industry 5.0, which emphasizes the human perspective, resilience, and sustainability. In this context, the study of human
behavior and attitudes towards human-robot interaction (HRI) is crucial for understanding the acceptance of this emerging
technology, which, in turn, can drive the development of more well-designed industrial robotic systems. This paper is aimed at
translating, adapting, and validating a scale designed to measure acceptance in the context of HRI within industrial settings,
with a focus on collaborative robots (cobots). To conduct an exploratory factor analysis (EFA), 140 participants (male = 45%,
female = 52%, and nonbinary = 3%) were recruited. The results revealed a four-factor structure for the Frankenstein Syndrome
Questionnaire-Industrial Context (FSQ-IC): “general anxiety towards cobots” (= 0.87), “trustworthiness towards developers
of cobots” (a=0.83), “apprehension towards cobots in the industrial context” (a=0.73), and “expectation of cobots in social
change” (a=0.69). For further validation and to help ensure the validity and reliability of the adapted scale, a confirmatory
factor analysis (CFA) was conducted with a sample of 210 participants (male = 45%, female = 53%, and nonbinary = 2%). The
model fit indices, including a y?/df of 3.14 and root mean square error of approximation (RMSEA) of 0.10, indicated an
acceptable fit. The goodness-of-fit index (GFI), comparative fit index (CFI), and normed fit index (NFI) were 0.88, 0.90, and
0.86, respectively, all within acceptable ranges. Convergent and discriminant validities were also analyzed. An analysis of the
differences in perceptions of acceptance based on sociodemographic variables (gender, experience with robots, educational
level, and age) was conducted. Only gender revealed significant differences. Considering the psychometric qualities of the
instrument, the FSQ-IC is valid and reliable for assessing acceptance in HRI.
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1. Introduction

The emergence of Industry 5.0 has advanced the research
frontier of the technology-centric Industry 4.0 towards a
more intelligent and harmonious socioeconomic transition,
driven by both human and technological factors [1]. In
this context, the focus is predominantly on the role of
humans in technological transformation [2]. Therefore,
adopting Industry 5.0 technologies will not undermine
human value but rather increase it through human-
machine collaboration [3]. In fact, humans have the neces-
sary skills to perform tasks with greater cognitive demands
and involve uncertainties [4]; however, they do not have
equivalent speed, endurance, and physical power of robots
for physical tasks [4, 5]. Giallanza et al. [6] emphasize that
collaborative robots (cobots) present a viable solution for
manufacturing industries shifting from mass production
to mass customization, aiming at enhancing their compet-
itive position in the market. According to some authors
[7-10], cobots are an emerging technology that have ergo-
nomic and safety benefits, as flexibility and productivity
advantages to manufacturing systems. However, despite
the benefits of using cobots, workers may be reluctant to
adopt them. Considering that cobots need to collaborate
harmonically with human workers, it is essential to under-
stand employees’ attitudes towards cobots in human-cobot
collaborative work, namely, acceptance [11]. Worker
acceptance depends on their involvement in the cobot
implementation process [12]. Cobots have faced low
acceptance in practical applications, particularly in indus-
try [13].

Therefore, examining the acceptance of these machines
can provide insights that can aid in the development of
cobots that align with social expectations and maximize
profitability for producers. In this scenario, a gap in the liter-
ature emerges, proved by a study made by Cherubini et al.
[14], where the authors advocate for an assessment of robots
engaged in physical collaboration with workers. This
requires adapting the technology acceptance model (TAM)
and the unified theory of acceptance and use of technology
(UTAUT) to measure acceptance, highlighting the signifi-
cance and relevance of a scale like the one developed in the
current study. This further emphasizes the necessity for a
systematic evaluation of human-robot interaction (HRI),
especially concerning cobots in the industrial context. The
validation of a scale to assess human acceptance of robots
in HRI in Portuguese language, particularly within the
industrial sector, represents a valuable contribution to opti-
mizing HRI design.

Our research is aimed at filling this gap by proposing the
translation, adaptation, and validation of the acceptance
scale known as the Frankenstein Syndrome Questionnaire
(FSQ). This tool, proposed by Nomura et al. [15], emerges
as a fundamental instrument to assess workers’ attitudes
and perceptions towards social robots. After the translation
and adaptation of the scale, both in linguistic, cultural, and
contextual terms, it was decided to call it Frankenstein Syn-
drome Questionnaire-Industrial Context (FSQ-IC) as it
focuses on the acceptance of cobots in an Industrial context.
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Apart from this first introductory section, the paper
starts in Section 2, with the theoretical framework, which is
aimed at providing a comprehensive overview of the theoret-
ical foundations related to the concepts under investigation.
Section 3 focuses on the methods, and Section 4 provides
information regarding the results found from the data anal-
ysis performed. Finally, the discussion of this work, the
implications, and lastly the limitations of the study are pre-
sented in Section 5.

2. Theoretical Framework

2.1. HRI. According to Sharkawy and Koustoumpardis [16],
HRI is defined as “understanding, designing, developing,
and evaluating the robotic system to be used with or by
humans” (p. 1). The multidisciplinary field of HRI draws
upon various disciplines such as psychology, engineering,
and business, to explore the fusion of the physical capabili-
ties of robots and the emotional responses generated from
HRIs [17].

The uprising brought by Industry 5.0 advancements cre-
ated new ways in which a robot can perform a task, as well as
the environment it performs and the type of interaction it
displays, hence the different types of HRI, and they are coex-
istence, where the human and robot perform side by side but
do not share the same space; synchronization, when human
and robot share the same space, but in alternate times; coop-
eration, where human and robot share the same space and
perform at the same time but do not work on the same com-
ponent; and collaboration, where human and robot share the
same space, perform at the same time, and work at the same
component [4].

The International Federation of Robotics (IFR) catego-
rizes robots into two main types: industrial and service
robots. Service robots are further divided into professional
service robots, used for commercial tasks with clearly
defined functions, and personal service robots, often known
as social robots [18]. Industrial robot is defined by ISO
8373:2012 as “an automatically controlled, reprogrammable,
multipurpose manipulator programmable in three or more
axes, which ca be either fixed in place or mobile for use in
industrial automation applications.” On the other hand,
social robots represent a distinct technology specifically
designed to accompany and assist individuals in their daily
lives. As such, they are integrated into various domains,
operating in close proximity to people, even during their
most private moments [19].

To develop effective HRI, a comprehensive under-
standing of human behaviors, emotions, cognition, and
robot functionality is essential [20]. Mead and Mataric
[21] highlight the importance of human-perceived safety
and comfort in HRI tasks, indicating that technical safety
measures may not always align with human perceptions.
The integration of cobots into industrial settings presents
new safety challenges, as robotics and worker safety are
intricately linked. Traditional robot applications rely on
physical or sensor-based measures to maintain separation
from workers. In contrast, collaborative systems in HRI
allow for close working proximity without separation
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[22]. This shift introduces risks such as potential mental
stress from robot proximity, alongside benefits like miti-
gating physical strain.

Cobots require specific capabilities and safety-focused
designs to operate alongside humans, while workers must
also function in environments conducive to safety and intu-
itive physical interaction [4]. Cobots, as defined by Franklin
et al. [22], are designed to assist humans in specific tasks or
work alongside them, prioritizing safety in collaborative
work. Cobots offer advantages including improved effi-
ciency, productivity, compactness, and affordability com-
pared to traditional industrial robots [23].

Studies suggest that cobots can enhance workers’ health,
quality of life, and overall well-being while reducing negative
outcomes associated with traditional industrial work [24].
By relieving workers of heavy-duty tasks, cobots contribute
to reducing musculoskeletal diseases, which account for
45% of work-related diseases [8]. Moreover, cobots enable
older workers to work in safer conditions, addressing con-
cerns surrounding the aging population in industrialized
nations [25, 26]. Market data indicates significant growth
in cobot applications, with an estimated market size of
$649 million in 2019, projected to grow at a rate of 45%
between 2019 and 2025 [27], showing a greater necessity to
improve its applicability.

In this context, the benefits observed by the integration
of cobots into the industrial sector can be considered a step
towards a more sustainable and equitable future for workers
and the industry as a whole.

2.2. Acceptance and Instruments. Understanding psycholog-
ical factors is crucial in developing cobots for the industrial
context, aiming for more effective and natural HRI. This
approach considers essential elements such as trust, empa-
thy, and acceptance, which are fundamental for the success-
ful implementation of robots in work environments. In the
industrial scenario, personalizing robotic interactions is par-
ticularly important. Adapting robots to workers’ specific
needs not only increases operational efficiency but also pro-
motes greater acceptance of the technology. This may
include adapting user interfaces, communication modes,
and even robot movement patterns to align with individual
operators’ preferences and skills. Weiss et al. [28] propose
a framework to evaluate HRI considering human and psy-
chological factors (e.g., user experience, usability, and social
acceptance). The study by Rossi et al. [29] tells us that trust
is essential for effective human-robot collaboration (HRC).
Robots must adapt to human needs (e.g., emotions and pref-
erences) and leverage metacognition to anticipate, respond
to, and mitigate errors. This ensures safe, socially acceptable
behavior and fosters high-quality interactions between
humans and robots. Research by Ottoni and Cerqueira
[30] highlights the importance of recognizing and conveying
emotions in HRI for natural, empathetic interactions. It
emphasizes user-centered design to enhance system effec-
tiveness and acceptance. Through a systematic review of 72
studies, two main themes emerged: developing methods for
recognizing human emotions and representing emotions in
robots for friendly interactions. Most studies evaluated per-

formance using participant-based inquiries, showcasing the
growing focus on emotional dynamics in HRL

Acceptance is a central concept in the present study;
according to Zoellick et al. [31], acceptance is a precondition
for the adaptation and use of technology. Acceptance can be
defined as the degree to which an individual intends to use a
system and, when available, incorporates the system [32].
However, Gorke et al. [33] referred that the intention to
adopt technology does not necessarily translate into actual
adoption. In the realm of HRI, understanding and address-
ing acceptance challenges are crucial for the safe, ethical,
and effective development and implementation of robots.

According to Akalin et al. [34], perceived safety is
important for robot acceptance; however, physical safety
has been more studied. Similar findings were found in a field
study developed by Xu et al. [35] that showed that perceived
usefulness, trust, and perceived safety were direct predictors
of acceptance of a specific technology as automated vehicles
(AVs). A study developed by Meissner et al. [36] concluded
that a safe and well-designed robotic system is a necessary
condition for the acceptance of HRC, but engagement in
the implementation of HRC seems to correspond well to
people’s attitudes. Human workers only consider an HRI
acceptable if the robot does not carry out actions that could
induce fear, surprise, and discomfort or create an unpleasant
social situation, even if its actions do not cause any physical
harm [37]. Turja and Oksanen [38] referred that national-
level factors, as social norms, regulate robot acceptance. Task
complexity is another determinant of robot acceptance.

The study of acceptance instruments in HRI began with
the TAM, where Davis [39] argues that an individual’s
intention to use a technology is influenced by two main
beliefs: perceived usefulness and perceived ease of use. A
few years later, Venkatesh and Davis [40] introduced TAM
2, which added new variables to the original model, such
as user experience, social influence, image, and ease of learn-
ing. These pioneering studies contributed to the develop-
ment of other instruments in the field of technology
acceptance.

A notable example in the acceptance of social robots is
the study by Heerink et al. [41], which led to the creation
of the Almere Technology Acceptance Questionnaire
(ATAQ). The ATAQ was designed to assess the acceptance
of assistive social robots by elderly users. Another important
scale in this field is the Negative Attitudes Towards Robots
Scale (NARS), developed by Nomura et al. [42], which mea-
sures people’s negative attitudes towards robots. Addition-
ally, the Robotic Social Attributes Scale (RoSAS) stands out
as a psychometrically validated tool that evaluates how peo-
ple perceive the social attributes of robots [43]. The Multidi-
mensional Robot Attitude Scale, on the other hand, was
developed to provide a comprehensive assessment of peo-
ple’s attitudes towards domestic robots [44].

Although these instruments are useful for evaluating the
acceptance of systems and social robots, to the best of our
knowledge, there is currently no specific tool for measuring
the acceptance of robots in industrial contexts.

The decision to select, adapt, and validate the FSQ (scale
for social robots) as the study’s instrument was driven by its
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ability to effectively capture the psychological and ethical
barriers to robot acceptance, particularly in contexts where
a deeper understanding of these issues is crucial. This
approach aligns with the principles of Industry 5.0, which
prioritizes sustainability and positions humans at the core
of the next phase of industrial automation.

3. Method

3.1. Study Design and Sample. This study followed a cross-
sectional design, involving a sample of 346 participants.
The questionnaire was distributed through our network con-
tacts, and data were collected using the online LimeSurvey
platform. Participants provided informed consent before
completing the sociodemographic questionnaire and FSQ-
IC. The data collection period lasted from November 21,
2023, to April 23, 2024.

The sample was obtained using a nonprobabilistic
convenience sampling method, following a snowball sam-
pling approach. Eligibility criteria for the participants
were age over 18 years and ability to speak and read
Portuguese.

One hundred and forty participants [45-47] (40% of the
total sample) were randomly selected and utilized for the
exploratory factor analysis (EFA). The randomization pro-
cess ensures the representativeness of the sample and mini-
mizes selection bias in the analysis. The demographic
composition of the selected dataset includes 73 females, 63
males, and 4 nonbinary individuals. Notably, 102 partici-
pants reported having no prior experience with robots.
Regarding education levels, 4 participants had completed
the 1st cycle, 2 had completed the 2nd cycle, 5 had com-
pleted the 3rd cycle, 41 had completed high school, 42 had
obtained a university degree, 33 held a master’s degree,
and 13 held a doctorate. The mean age of the participants
was 33.5 years (Table 1).

For the confirmatory factor analysis (CFA), we used a
sample of 210 participants [45, 48-50] (60% selected ran-
domly from the total sample). The demographic distribution
of this dataset comprised 111 females, 95 males, and 4 non-
binary individuals. Notably, 147 participants reported no
prior experience with robots. The level of education of the
EFA sample consists of 8 persons who completed the Ist
cycle; 1 who completed the 2nd cycle; 14 who completed
the 3rd cycle; 54 who completed high school; 60 who have
a university education; 57 who have a master’s degree; and
finally, 16 who have a doctorate. The participants have a
mean age of 33.5 years old (Table 2).

It is crucial to emphasize that this study complies with
the fundamental ethical principles governing research
involving human subjects. Before starting data collection,
we obtained the necessary permissions from the authors of
the original scale to conduct the cultural adaptation and val-
idation of the FSQ-IC. The study received formal approval
from the Research Ethics and Deontology Committee of
the Faculty of Psychology and Educational Sciences at the
University of Coimbra on July 21, 2023, under Process
Number CEDI/FPCEUC:77/R_8.

Human Behavior and Emerging Technologies

TaBLE 1: Descriptive statistics of the EFA sample.

No prior
Category Total Perc(c;:)l)tage It’[;ia;;l experience
with robots

Gender

Female 73 52% 62

Male 63 45% 36

Nonbinary 4 3% 4
Total 140 102
Level of education

Ist cycle 4 3%

2nd cycle 2 1%

3rd cycle 5 4%

High school 41 29%

Umver.51ty 1 30%

education

Master’s 33 24%
degree

Doctorate 13 9%
Mean age of 33.5years
participants (13.7)

Note: N of participants = 140.

TABLE 2: Descriptive statistics of the CFA sample.

No prior
Category Total Perc(;n)tage It’[se;a)l;l experience
with robots

Gender

Female 111 53% 98

Male 95 45% 47

Nonbinary 4 2% 2
Total 210 147
Level of
education

1st cycle 8 4%

2nd cycle 1 1%

3rd cycle 14 7%

High school 54 26%

Unlver.sr[y 60 28%

education

Master’s 57 27%
degree

Doctorate 16 7%
Mean age of 33.5years
participants (13.9)

Note: N of participants = 210.

3.2. Instrument (FSQ). The original FSQ was created to
assess the acceptance of humanoid robots. The original ver-
sion of the instrument was developed based on the Likert
scale format with seven response options (1 =strongly dis-
agree to 7 = strongly agree). The scale was developed through
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a preliminary study involving samples from Japan and the
United Kingdom [15].

The original instrument was constructed by merging
items from other questionnaires, both in English and Japa-
nese languages. The English version was established, and
the Japanese version was generated through a process of
back-translation. The result was a 30-item questionnaire
grouped into four factors: general anxiety towards human-
oid robots (13 items), apprehension towards social risks of
humanoid robots (five items), trustworthiness for developers
of humanoid robots (four items), expectation for humanoid
robots in daily life (eight items). In the study, the first sub-
scale (general anxiety towards humanoid robots) shows a
Cronbach alpha value of 0.90; the second subscale (appre-
hension towards social risks of humanoid robots) has a
Cronbach alpha value of 0.69; the third subscale (trustwor-
thiness for developers of humanoid robots) has a Cronbach
alpha value of 0.72; and the fourth subscale (expectation
for humanoid robots in daily life) has a Cronbach alpha
value of 0.72. In the study, they found a positive correlation
between the first and second (r =0.40), and between the
third and fourth subscales (r = 0.51). Moreover, there were
weak levels of negative correlations between the first sub-
scale and the third (r = —0.16) and fourth (r = —0.29). There
was almost no correlation between the second, third, and
fourth subscales [15].

In the Portuguese-language adaptation of the FSQ, tai-
lored for the industrial context, two items from the origi-
nal version were removed for the current study,
specifically, “humanoid robots can be very useful for
teaching young kids” and “I am concerned that humanoid
robots would be a bad influence on children.” The ratio-
nale behind this decision was that these items were related
to children which were deemed irrelevant to the study’s
objective of evaluating the acceptance of cobots in an
industrial setting.

3.3. Translation and Validation Procedure. The cultural
adaptation of the original instrument is a critical component
of this study’s design, as it lays the foundation for a valid and
reliable measure of acceptance of HRI. The steps involved in
the cultural adaptation process serve to ensure the quality
and reliability of the adapted scale and provide valuable
insights into its effectiveness and suitability for its intended
use. Therefore, this process was conducted in the following
steps.

The translation of the FSQ from English into Portuguese
was performed by two native Portuguese translators, and it
was authorized by the original authors. The translated ver-
sion underwent a review and evaluation process by a com-
mittee of experts (CEs), which included one of the original
authors of the FSQ scale and three additional experts in
the field. This group was responsible for evaluating the
semantic equivalence of the translated version and making
suggestions for improvement or correction.

A synthesis of the translations was created and subjected
to a back-translation process by two bilingual native English
translators. The back-translation was then compared with
the original scale to ensure accuracy.

The final step in the translation and adaptation process
involved a pilot test of the FSQ-IC. A group of eight students
participated in the pilot test, which involved completing the
FSQ-IC scale. It is important to note that the participants of
the pilot test were deleted from the sample of the current
study. The pilot test is aimed at establish the level of under-
standing of the questionnaire among the participants and at
estimating the completion time required. Based on the
results of the pilot test, any items reported as difficult to
understand were modified in the final version of the instru-
ment. A table comparing both instruments was made to
clarify the distinctions between both scales (Table 3).

3.4. Data Analysis. In this present study, an EFA was per-
formed for the investigation, as well as calculating the alpha
values for the instrument. The statistical analyses of the EFA
were done using the SPSS program version 27. For further
validation of the scale, a confirmatory a CFA was conducted
to test the validity of the structure proposed by the EFA. The
statistical analysis of the CFA was done using the AMOS
program. The data analysis focuses on the structure and
validity of the items and their factors. The final step involves
interpreting the analyses to obtain the robustness of the
FSQ-IC in measuring acceptance. In this study, the correla-
tions between the subscales were analyzed to explore the
relationships and degree of association among various sub-
scales within a broader scale. By examining how these sub-
scales relate to each other, we gain insights into underlying
patterns or dimensions of the data. This information can
help in understanding the constructs being measured, vali-
dating the scale, and refining theoretical frameworks.

Additionally, the study assessed convergent and discrim-
inant validity using the average variance extracted (AVE)
>0.40) and the square root of the AVE, known as the For-
nell-Larcker criterion (this value should be higher than the
correlation between the constructs), respectively [51]. The
reliability of the instrument was estimated from its compos-
ite reliability (CR), with values equal to or higher than.60
indicating adequate reliability [51].

To explore differences in acceptance perceptions related
to HRI, analysis of variance (ANOVA) was used for gender,
Student’s t-test for experience with robots, and the Kruskal-
Wallis test for educational qualifications and age. These
analyses were performed using SPSS software (v. 27, SPSS
Inc., Chicago, Illinois). This comprehensive approach
ensured a thorough validation of the scale and a deeper
understanding of the factors influencing HRL

4. Results

4.1. EFA of the FSQ-IC and Reliability. Regarding the struc-
ture of the FSQ-IC, this work takes into consideration the
past structure presented by studies evolving the FSQ. Given
its history of unstable structure, the analysis was carefully
carried out.

The Kaiser-Meyer-Olkin (KMO) measure of sampling
adequacy analysis showed a value of 0.833, which indicates
that the dataset has a high degree of adequacy for factor
analysis. A KMO value above 0.6 is generally acceptable
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judgments about things
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TaBLE 3: FSQ original and FSQ-IC.
No. Items of FSQ original No. Items of FSQ-IC
I am afraid that humanoid robots will make us forget what it is I'm afraid that collaborative robots will make us forget Wh?t it
1 . 1 means to be human. (Tenho medo que os robds colaborativos
like to be human .
nos facam esquecer como é ser humano)
Collaborative robots can create new forms of interaction
) Humanoid robots can create new forms of interactions both ) between humans and machines. (Os robos colaborativos
between humans and between humans and machines podem criar novas formas de interagdo entre humanos e
maquinas)
o The people and organizations that develop collaborative robots
Persons and organizations related to development of peopie @ 5 P .
3 . ) 3 are well-intentioned. (As pessoas e as organizagdes que
humanoid robots are well-meaning N . ~ . .
desenvolvem os robds colaborativos sdo bem-intencionadas)
. . Collaborative robots can make us lazier. (Os robos
4 Humanoid robots may make us even lazier 4 . . .
colaborativos podem tornar-nos mais preguigosos).
Collaborative robots can be very useful for older workers and/
5 Humanoid robots can be very useful for caring the elderly and 5 or those with some degree of disability. (Os robos colaborativos
disabled podem ser muito uteis para trabalhadores mais velhos e/ou
com algum grau de deficiéncia)
Collaborative robots should perform monotonous and
6 Humanoid robots should perform repetitive and boring 6 repetitive tasks instead of workers. (Os robos colaborativos
routine tasks instead of leaving them to people devem realizar tarefas monotonas e repetitivas em vez destas
serem realizadas pelos trabalhadores)
The interaction of workers with collaborative robots may
People interacting with humanoid robots could sometimes lead sometimes lead to issues in relationships beAtween workgrs. (A
7 . : . 7 interagdo dos trabalhadores com os robds colaborativos
to problems in relationships between people . - .
poderd, por vezes, originar problemas no relacionamento entre
trabalhadores)
. . . I fear that collaborative robots may encourage us to interact
I am afraid that humanoid robots will encourage less . p 2y 8¢ .
8 . . 8 less in our workplace. (Tenho receio que os robos colaborativos
interaction between humans . . . .
nos incentivem a interagir menos no nosso local de trabalho)
. . . The development of collaborative robots is an affront to nature.
The development of humanoid robots is a blasphemy against pret N S
9 nature 9 (O desenvolvimento de robds colaborativos é uma afronta
contra a natureza)
. . . I do not know why, but I like the idea of collaborative robots.
10 I do not know why, but I like the idea of humanoid robots 10 R ry A N -
(Nio sei porqué, mas gosto da ideia de robds colaborativos)
I would feel uncomfortable if collaborative robots truly had
11 I would feel uneasy if humanoid robots really had emotions or 11 emotions and autonomous thoughts. (Sentir-me-ia
independent thoughts desconfortavel se os robds colaborativos realmente tivessem
emogdes e pensamentos autdnomos)
If collaborative robots cause accidents or problems in the
workplace, the people and organizations involved in their
If humanoid robots cause accidents or trouble, persons and development should compensate the victims. (Se os robds
12 organizations related to development of them should give 12 colaborativos causarem acidentes ou problemas no local de
sufficient compensation to the victims trabalho, as pessoas e as organizagdes relacionadas com o
desenvolvimento deles, devem pagar uma indemnizagéo as
vitimas)
I can trust persons and organizations related to development of I'can trust the people and organizations that develop
13 . 13 collaborative robots. (Posso confiar nas pessoas e nas
humanoid robots R N .
organizagdes que desenvolvem os robos colaborativos)
The widespread use of collaborative robots assumes that it will
. . . be more expensive for organizations to keep people in jobs.
Widespread use of humanoid robots would mean that it would Xpensiv & . b peopie 1 J (,O
14 S 14  uso generalizado de robds colaborativos pressupde que serd
be costly for us to maintain them . S
mais caro para as organizagdes manter as pessoas nos postos de
trabalho)
I would hate the idea of collaborative robots or artificial
I would hate the idea of robots or artificial intelligences making 1ntelhger}ce making ).udgments flbou.t 'Ehlr}gs. (Qd{arla a ideia
15 15  dos robds colaborativos ou da inteligéncia artificial fazerem

julgamentos acerca das coisas que ocorrem no meu local de
trabalho).
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TaBLE 3: Continued.

No. Items of FSQ original No. Items of FSQ-IC
Collaborative robots are a natural outcome of our civilization’s
. g hnologi . 0s col i 3
16 Humanoid robots are a natural product of our civilization 16 technological progresso. (Os robos co ab,o1.rat1vos sa0 um
resultado natural do progresso tecnoldgico da nossa
civilizagdo)
. . . Collaborative robots can make workers’ lives easier. (Os robos
17 Humanoid robots can make our lives easier 17 . 1 .
colaborativos podem facilitar a vida dos trabalhadores)
I feel that if we become overly dependent on collaborative
robots in the workplace, there may be some negative
18 I feel that if we become over-dependent on humanoid robots, 18 consequences for workers. (Sinto que se nos tornarmos
something bad might happen excessivamente dependentes dos robds colaborativos, ao nivel
do trabalho, poderdo ocorrer algumas consequéncias negativas
para os trabalhadores)
19 I do not know why, but humanoid robots scare me 19 For some ree}son, colle}boratlve robots scare me. (Por alguma
razio os robds colaborativos assustam-me)
. . . . . I feel that in the fi , the i ill i
I feel that in the future, society will be dominated by humanoid el that In the future, the industry will be c.lom,ma.t ed b},,
20 20 collaborative robots. (Sinto que no futuro, a indudstria serd
robots . . .
dominada por robds colaborativos)
Collaborative robots should perform dangerous tasks in
)1 Humanoid robots should perform dangerous tasks, for 21 companies, for example in emergency situations. (Os robos
example in disaster areas, deep sea, and space colaborativos devem realizar tarefas perigosas nas empresas,
por exemplo em situagdes de emergéncia)
Many collaborative robots in a company could make it feel
22 Many humanoid robots in society will make it less warm 22 colder. (Muitos robos colaborativos numa empresa poderdo
torna-la mais fria).
I trust the people and organizations that develop collaborative
I trust persons and organizations related to the development of robots to share information with workers, including the
23 humanoid robots to disclose sufficient information to the 23 negative aspects. (Confio nas pessoas e nas organizagdes que
public, including negative information desenvolvem robos colaborativos para divulgar informagées
aos trabalhadores, incluindo as negativas)
The technologies used for the development of collaborative
Technologies needed for the development of humanoid robots robots belong to scientific fields that humaqs should not s‘Eudy.
24 L 24 (As tecnologias usadas para o desenvolvimento de robds
belong to scientific fields that humans should not study . . o
colaborativos pertencem a dreas cientificas que os humanos
nio deveriam estudar)
Something bad could happen if collaborative robots become
25 Something bad might happen if humanoid robots developed 25 workers in the industry. (Algo de mau pode acontecer se os
into human beings robos colaborativos se transformarem em trabalhadores da
industria)
People and organizations that develop collaborative robots
- must take into account the needs, thoughts, and feelings of
Persons and organizations related to development of . 2
. . . their workers. (As pessoas e as organizagdes que desenvolvem
26 humanoid robots will consider the needs, thoughts, and 26 K . . -
. . os robds colaborativos devem ter em consideragéo as
feelings of their users . .
necessidades, pensamentos e sentimentos dos seus
trabalhadores)
The development of collaborative robots is absurd for our
27 The development of humanoid robots is blasphemous 27  companies. (O desenvolvimento de robds colaborativos é um
absurdo para as nossas empresas)
The widespread use of collaborative robots in companies could
)8 Widespread use of humanoid robots would take away jobs )8 displace workers from them. (O uso generalizado de robos

from people

colaborativos nas empresas poderia retirar os trabalhadores das
mesmas)
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TaBLE 4: Factor loadings.

Item Factor loading
No. I II III v

Item sentence

0.850 I'm afraid that collaborative robots will make us forget what it means to be human
0.600 Collaborative robots can make us lazier
0.747 I fear that collaborative robots may encourage us to interact less in our workplace
0.854 The development of collaborative robots is an affront to nature
19 0748 For some reason, collaborative robots scare me
20 0.551 I feel that in the future, the industry will be dominated by collaborative robots
24 0.684 The technologies used for the development of collaborative robots belong to scientific fields that humans
should not study
27 0513 The development of collaborative robots is absurd for our companies
3 0.717 The people and organizations that develop collaborative robots are well-intentioned
13 0.937 I can trust the people and organizations that develop collaborative robots
23 0.921 I trust the people and organizations that develop collaborative robots to share information with workers,
including the negative aspects
11 0.569 I would feel uncomfortable if collaborative robots truly had emotions and autonomous thoughts
12 0717 If collaborative rol?ots cause accid.ents or problems in the workplace, the peqple and organizations
involved in their development should compensate the victims
15 0.567 I would hate the idea of collaborative robots or artificial intelligence making judgments about things
2% 0.606 People and organizations that develop collabs)rative robf)ts must take into account the needs, thoughts,
and feelings of their workers
2 0.709 In the industry, collaborative robots can create new forms of interaction between humans and machines
5 0.906 Collaborative robots can be very useful for older workers and/or those with some degree of disability
17 0.573 Collaborative robots can make workers’ lives easier

[52]. In addition, Bartlett’s test of sphericity was conducted
as well. The results show an approximate chi-square value
of 2135.628 with 378 df. The associated significance value
(Sig.) is 0.001, which is less than the conventional threshold
of 0.05. This indicates that the correlation matrix is signifi-
cantly different from an identity matrix, providing evidence
to proceed with factor analysis.

To evaluate the subscales of the FSQ-IC, an EFA was
conducted using the maximum likelihood extraction method
and Promax rotation and a 0.50 suppression value [49] for
the 28 items, forcing four factors. This decision was made
based on the analysis steps of past versions of the FSQ pre-
viously presented, like the original scale development by
Nomura et al. [15], where a tentative four-factor structure
was proposed, and subsequent studies, such as Krigeloh
et al.’s work [53], utilized this structure. To enhance the clar-
ity and usability of the factor solution, a suppression thresh-
old of 0.50 was applied, meaning that factor loadings below
this value were excluded from interpretation to focus on
more salient item contributions. Subsequently, the four-
factor structure was developed, mirroring the same tentative
shown in the original authors’ work, which followed a com-
prehensive analysis, which included input from one of the
original authors (see Table 4).

Regarding the scale structure in the EFA, Factor 1 exhib-
ited a structure with more factors than the other three. In the
interest of parsimony and without compromising any analy-
sis, in the CFA, we reduced the items of Factor 1 by selecting
the four items with the highest loadings from the EFA. This
reduction not only simplifies the model but also ensures that

the most significant items are retained, thereby maintaining
the integrity and robustness of the analysis (see Figure 1).
When examining the subscales individually, the analysis
revealed the following values:

e 0.86 for Factor 1: “general anxiety towards cobots”
with eight items (1, 4, 8, 9, 19, 20, 24, and 27). After
the mentioned modifications, Factor 1 is now com-
posed of four items (1, 8, 9, and19) with a Cronbach
alpha of 0.87;

e 0.83 for Factor 2: “trustworthiness to developers of
cobots” with three items (3, 13, and 23);

e 0.66 for Factor 3: “apprehension to cobots in the
industrial context” with three items (11, 12, and 15);

e 0.69 for Factor 4: “expectation of cobots in social
change” with three items (2, 5, and 17).

Moreover, the study identified a significant positive
correlation between the second and the fourth subscales
(r=0.4). Conversely, negative correlations were observed
between the first and second subscales (r = —0.5), between
the first and fourth subscales (r = —0.39), and between the
third and fourth subscales (r = —0.27). However, no signif-
icant correlation was found between the first and third
subscales and between the second and third subscales
(see Table 5).

4.2. CFA of the FSQ-IC and Validity. In assessing the validity
of the FSQ-IC, a CFA was employed. The model fit indices
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Ficure 1: CFA structure of the FSQ-IC. Note. Factor 1: “general anxiety towards collaborative robots”; Factor 2: “trustworthiness to
developers of collaborative robots”; Factor 3: “apprehension to collaborative robots in the industrial context”; Factor 4: “expectation of

collaborative robots in social change.”

TABLE 5: Pearson correlation coefficient EFA.

I II III v
I 1 —0.539** 0.074 —-0.385""
II -0.539** 1 —-0.036 0.475""
III 0.074 —-0.036 1 -0.270*"
v -0.385"" 0.475** -0.270"" 1

Note: I: general anxiety towards collaborative robots; II: trustworthiness to
developers of collaborative robots; III: apprehension towards collaborative
robots in the industrial context; IV: expectations of collaborative robots in
social change.

**Correlation is significant at the 0.01 level (two-tailed).

revealed varying degrees of fit adequacy. The chi-square to
degrees of freedom ratio (x?/df) reached a value of 3.14,
indicating an acceptable fit according to Maroco [54], who
posits that values between 2 and 5 are sufficient. The root
mean square error of approximation (RMSEA) was recorded
at 0.10, positioning it at the upper limit for acceptable fit,
characterized by values ranging from 0.05 to 0.10. Absolute
and comparative fit indices included the goodness-of-fit
index (GFI), the comparative fit index (CFI), and the
normed fit index (NFI). The GFI stood at 0.88, while the
CFI was 0.90 and the NFI was 0.86, all reflecting a satisfac-
tory model fit as these values fall between 0.80 and 0.90,
which are considered satisfactory according to Maroco

[54]. During the analysis, it was necessary to exclude item
26, which exhibited a factor loading of 0.39, below the min-
imum acceptable threshold of 0.40 for significant factor
loading. This exclusion was essential to enhance the overall
model fit indices and the interpretative clarity of the factors
(see Table 6). For this model, the analysis shows that the
CR >0.60 (range of 0.69 and 0.89) and AVE > 0.40 (range
of 0.43 and 0.68) [51].

The convergent validity, as evaluated by the AVE, indi-
cates the amount of variance a latent variable captures from
its observable indicators. Ideally, the AVE value should
exceed 0.40 [55]. In our study, it falls within the range of
0.43-0.68, therefore presenting theoretical support. Discrim-
inant validity, on the other hand, examines the extent to
which a latent variable is distinct from others. The For-
nell-Larcker criterion, calculated as the square root of the
AVE, serves this purpose. Our findings reveal that this crite-
rion surpasses the correlation values among the constructs,
as illustrated in Table 7.

Moreover, the study identified a significant positive cor-
relation between the second and the fourth subscales
(r=0.54) and between the first and the third subscales
(r=0.30). Conversely, negative correlations were observed
between the first and second subscales (r = —0.46), between
the first and fourth subscales (r = —0.43), between the second
and the third subscales (r = —0.21), and between the third
and fourth subscales (r = —0.26) (see Table 7).
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TaBLE 6: CFA results.

Scales x2 1df RMSEA GFI CFI NFI

Frankenstein Syndrome Questionnaire-Industrial Context (FSQ-IC) 3.14 0.10 0.88 0.90 0.86

TABLE 7: Pearson correlation coefficient CFA.

I I III v VAVE
I 1 —0.459**  0295**  —0.429** 0796
I —0.459* 1 —0.209**  0.540** 0.826
M 0295  —0.209** 1 —0.261**  0.652
IV —0429**  0540**  —0.261* 1 0.701

Note: I: general anxiety towards collaborative robots; II: trustworthiness to
developers of collaborative robots; III: apprehension towards collaborative
robots in the industrial context; IV: expectations of collaborative robots in
social change.

**Correlation is significant at the 0.01 level (two-tailed).

4.3. ANOVA, Student’s t-Test, and Kruskal-Wallis Test. An
ANOVA was conducted to examine differences in acceptance
perception of HRI among three gender groups: male, female,
and nonbinary. The results indicated a statistically significant
difference in acceptance among the groups (F(2,207) = 6.27,
P <0.001). To identify which groups differed significantly, a
Tukey post hoc test was conducted. The post hoc comparison
revealed no significant difference between the male and female
groups (M = 1.57, standard deviation (SD) = 0.86, p=0.16).
However, there was a significant difference between the nonbi-
nary group and the female group (M =8.64, SD=3.12, p=
0.02) as well as between the nonbinary group and the male
group (M =10.21, SD = 3.13, p < 0.001).

To investigate whether experience with robots influences
acceptance in HRI, Student’s ¢-test was conducted. The analy-
sis revealed no significant difference between participants with
and without experience with robots (£(208) = —0.46, p = 0.65).

Finally, the Kruskal-Wallis test revealed no significant
differences based on educational qualifications (H =4.35,
p=0.63) or age (H =3.54, p=0.17—comparisons between
the groups 26-40 years and above 41 years (p =0.57), the
groups 26-40 years and until 25 years (p =0.40), and the
groups above 41 years and until 25 years (p=1.00) did
not show significant diferences).

5. Discussion

This research was designed to develop and validate a sca-
le—the FSQ-IC—for assessing the acceptance of the users
of cobots within industrial settings. The EFA confirmed
the suitability of a four-factor structure previously pro-
posed by researchers such as Kréigeloh et al. [53] and
Nomura et al. [15], which is advantageous for its clarity
in factor interpretability and comprehensive content cover-
age. The involvement of the original author of the FSQ
scale was crucial in analyzing and discussing the optimal
structure and designation of each factor for the FSQ-IC,
ensuring the scale’s developmental integrity and continu-
ity. Although the designation of each factor varies slightly

from the original FSQ, these adjustments contribute to the
precision and relevance of the FSQ-IC in its current appli-
cation. This structure was tested for internal consistency,
with Cronbach alpha values ranging from 0.69 to 0.87,
indicating good reliability across the subscales, and an
item-total correlation analysis that reinforced the structure
proposed.

Concerning the correlation analysis conducted, each iden-
tified subscale captures distinct aspects of attitudes and per-
ceptions related to the deployment of cobots. For instance,
the noted apprehension towards cobots in industrial contexts
(Factor 3) showed a weaker correlation with other factors, sug-
gesting unique dynamics specific to workplace-related fears,
which may diverge from influences on general anxiety towards
cobots (Factor 1) or expectation of cobots in social change
(Factor 4). Brohl et al. [56] tested a human-robot collabora-
tion acceptance model (HRCAM) and identified that factors
such as demonstrability, self-efficacy, robot anxiety, social
implications, and data protection exhibited medium to large
correlation coeflicients (0.30 < 0.50).

The CFA conducted was aimed at substantiating its fac-
torial structure and validity found by the EFA. The resulting
fit indices have an acceptable level of fit which aligns with
Maroco’s [54] criteria. The RMSEA stood at the upper
threshold of acceptability, and both the GFI and the CFI
achieved satisfactory values. These findings fully validate
the FSQ-IC scale and the robustness of its measurements
on acceptance. The validation is supported by robust statis-
tical analyses, including both convergent and discriminant
validity measures, which are relevant for assessing the accu-
racy and reliability of the scale’s constructs. For this model,
the analysis demonstrated that the CR was well above the
minimum threshold, with values ranging from 0.69 to 0.89,
suggesting that the scale is reliable in its measurement of
various aspects of acceptance. Additionally, the AVE values
ranged from 0.43 to 0.68, achieving the recommended
threshold of 0.40 set by Lam [51]. Furthermore, the discrim-
inant validity, assessed through the Fornell-Larcker crite-
rion, indicates that the latent variables are distinct and
measure different constructs. This was demonstrated as the
square roots of the AVE values for each factor were greater
than the correlations between the factors, thereby under-
scoring the unique contributions of each dimension to the
overall construct of cobot acceptance.

The ANOVA, Student’s t-test, and the Kruskal-Wallis
test were conducted to enhance the understanding of
insights provided by the sample. The objective was to further
comprehend the influence of gender, prior experience with
robots, academic qualifications, and age on the acceptance
levels among individuals. The results indicate that gender
plays a significant role in the acceptance of HRI especially
highlighting the differences between nonbinary individuals
and other gender groups. It is noteworthy that the small

85UB0| 7 SUOWILLIOD BATIER.ID) 3|eolddke U} Ad peueA0B ale SaPILE WO ‘98N J0 S3N 10} AXRIQ1T 8UIIUO ABIM O (SUONIPUOO-PLE-SWLRILOD A5 |IM ARG [BU1[UO//Sd1Y) SUONIPLOD PUE SWI 13U} 89S *[GZ02/ZT/6T] UO AriqiTauliuo As|im ‘01od 04 001u%sN|od dsIs3 Ad 6/£9T88/280U/SSTT OT/I0p/00 Aa| 1M AleIq[Bu1Uo//SdNy O} Popeojumod ‘T 'SZ0Z ‘Bay



Human Behavior and Emerging Technologies

sample size of the nonbinary group limits the generalization
of these findings. Abel et al. [57] reinforce the importance of
gender in the HRI, particularly regarding the human ability
to distinguish between anthropomorphic and robotic move-
ments, which can subsequently affect robot acceptance. In
their study, the results showed that males were more sensi-
tive to distinctions between robotic and anthropomorphic
movements.

On the other hand, experience with robots does not seem
to influence acceptance, suggesting that familiarity with the
technology is not crucial in shaping attitudes towards HRI.
A possible cause for this could be that people’s attitudes
towards robots are more influenced by individual and some-
times irrational feelings [36]. Furthermore, the absence of
significant differences based on education and age indicates
that the acceptance of HRI may be a relatively uniform char-
acteristic across different age groups and educational levels.
Similar results were found by Kuo et al. [58] between age
and acceptance of healthcare robots. In a study developed
by Bishop et al. [59] with social robots, gender and education
were found not to correlate with acceptance, but age and
mood were associated with acceptance. However, other
authors found that male with longer education were more
prone to accept robots at work [38]. Wagner-Hartl et al.
[60] identified a significant effect of age on robot acceptance,
with younger participants finding scenarios involving robots
more acceptable than older workers, which may be
explained by their greater access to information.

6. Limitations and Future Research

Despite the valuable contributions and insights provided by
this study, several limitations should be acknowledged, each
pointing to important directions for future research. Primar-
ily, the study utilized a convenience sample gathered
through an online survey, which might introduce selection
bias and limit the generalizability of the findings. The com-
position of this sample may not fully represent the broader
Portuguese population, potentially affecting the external
validity of the study’s conclusions. The use of larger and
more balanced samples across their constituent groups
(e.g., gender) is necessary to confirm these results and
deepen understanding of the underlying dynamics. An
equally important limitation concerns the extension of the
cross-cultural applicability of the findings. The theoretical
and empirical foundations of the study may reflect cultural
nuances inherent to the Portuguese context, potentially
restricting the relevance of these results to other cultural set-
tings. Moreover, the implementation of a cross-sectional
design in this study constrains the ability to infer causality
from the observed relationships. Longitudinal studies would
be highly beneficial to examine how attitudes towards cobots
evolve over time, especially as individuals gain more expo-
sure to these technologies. Another limitation arises from
the reliance on self-reported data, which can be susceptible
to biases such as social desirability or response bias. Such
biases could skew participants’ responses, thereby affecting
the validity of the data collected. Additionally, while the
analyses adhered to theoretical guidelines, the interpretation
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of factor loadings and saturation remains somewhat subjec-
tive and could be open to different interpretations. In this
context, the CFA played a critical role in validating the struc-
ture suggested by the EFA, offering a more robust frame-
work for understanding the scales” constructs.

Overall, these limitations underscore the need for future
research. The FSQ-IC scale, still under development, offers a
preliminary framework but may not yet capture the full spec-
trum of factors influencing acceptance, such as safety con-
cerns, which are crucial in environments where humans
closely interact with machines. The scale could also benefit
from further optimization through empirical testing and
refinement. From a statistical perspective, while an RMSEA
<0.10 may be considered acceptable, an RMSEA < 0.08 is
generally preferred to ensure greater confidence in the model’s
fit. To improve reliability and applicability of this scale, future
research should focus on expanding the application of the
scale across different industrial contexts, increasing the num-
ber of participants. Additionally, new dimensions could be
developed, such as perceptions of safety related to cobots. Its
enhancements could significantly impact regulatory standards
and industrial practices, informing policymakers and industry
leaders about key factors that affect cobot adoption. This
ongoing development has the potential to contribute to indus-
try standards and facilitate better integration of cobots into the
workforce, ensuring that these systems are not only efficient
but also well accepted by human operators.

Addressing these issues would not only enhance the
validity and applicability of the FSQ-IC scale within indus-
trial contexts but also deepen our understanding of attitudes
towards robots among specific groups, such as workers who
interact daily with cobots or those directly involved in their
design and production. Applying this scale to a sample with
greater variability in terms of age, gender, and level of educa-
tion would be an interesting contribution, considering the
impact of these individual variables on acceptance. Gaining
a clearer insight into acceptance patterns within the Portu-
guese population could significantly improve the working
conditions of employees and the broader impact on indus-
trial operations. This understanding is crucial for developing
tailored interventions that effectively address the concerns
and expectations of various stakeholders involved with
cobots.

7. Conclusions

The purpose of this study is to enable researchers and prac-
titioners in Portugal to evaluate individuals™ attitudes and
perceptions towards cobots, with a specific focus on accep-
tance. Through factor analysis, particularly EFA, important
insights were revealed about the structure of the FSQ-IC.
The EFA results highlighted that while the distribution of
items across factors could be more balanced, the alignment
with the original FSQ [61] distribution remains consistent.
This is true even though the assigned factors’ designation
varies slightly from the original model. This alignment sup-
ports the internal consistency of the scale, confirming that
the scale reliably measures the intended constructs and is
suitable for use in future research.
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Further, the correlation analysis elucidated the relation-
ships between the four subscales. These findings indicate
that the subscales effectively capture a range of dimensions
related to attitudes and perceptions. This comprehensive
analysis not only underscores the validity of the scale but
also enhances our understanding of the nuanced interac-
tions that define cobot acceptance.

Following the CFA, a more comprehensive understand-
ing of the FSQ-IC structure was achieved. Further analyses
underscored the scale’s convergent validity, which reflects
the extent to which a latent variable captures variance from
its observable indicators. Additionally, discriminant validity,
which assesses the distinctiveness of each latent variable
from others, was evaluated and these findings collectively
validate the robustness and integrity of the FSQ-IC, estab-
lishing a solid foundation for its application.

Finally, the ANOVA, Student’s t-test, and the Kruskal-
Wallis test—regarding the variables of gender, experience
with robots, educational qualifications, and age—allowed
us to verify results that are very important to consider in
the development and implementation of robotic technolo-
gies, as they highlight the need to consider the perspectives
of different groups, which may (or may not) impact the
acceptance of HRL

In sum, the FSQ-IC scale exhibits strong psychometric
properties, with confirmed reliability and validity, making
it a robust tool for assessing the acceptance of cobots in
industrial contexts. These attributes highlight the scale’s
potential utility in both research and practical applications.
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