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Abstract
Sustainable Employability (SE) and task performance of workers-collaborating-with-cobots is challenged. Whether SE 
policies can impact workers’ task performance in digitalized workplaces is still unknown. Drawing on two SE models, this 
study aims to ascertain whether the relationship between SE policies and task performance is mediated by health and produc-
tive capabilities, and whether this effect is moderated by the levels of User Acceptance and Use of Technology (UTAUT) 
predictors. 88 employees collaborating with cobots, or expected to do so in the near future, answered a cross-sectional sur-
vey. SE policies were positively related to task performance via health and productive capabilities. This indirect effect was 
moderated by the levels of UTAUT predictors, being significant only at low or medium levels of the moderators. SE policies 
contribute to employee capabilities, and in turn to workers’ task performance. Fostering health and productive capabilities 
is fundamental when employee levels of cobots’ acceptance are not high yet.
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1 Introduction

The Industry 4.0 world of work is exponentially changed by 
digitalization and robotics (Alcover et al. 2021; Brougham 
and Haar 2017). Collaborative robots (cobots) are one of the 
key advanced technologies that can be used in a collabora-
tive operation, where a specifically designed robot system 
and a human operator work in direct collaboration within 
a designated workspace (Mihelj et al. 2019). Differently 
from a cooperative interaction in which humans and robots 
work simultaneously towards a shared goal but have differ-
ent interests, a collaborative interaction concerns a synergic 
work towards a common objective at the same time in the 

same workspace (Mathewson et al. 2022; Othman and Yang 
2023). In contrast with traditional robotics, collaborative 
interactions require, therefore, close contact and high com-
munication and coordination within the human-cobot system 
(Othman and Yang 2023). Instead of being replaced, human 
expertise, creativity, decision-making, flexibility and critical 
thinking can be integrated with the accuracy, repeatability 
and strength of cobots to optimize the performance of com-
plex tasks (Othman and Yang 2023; Mathewson et al. 2022; 
Müller et al. 2016; Paliga 2023; Semeraro et al. 2023). While 
cobots can handle high-precision, hazardous or monotonous 
tasks, humans can take more innovative tasks (Othman and 
Yang 2023). As such, collaborative robotics has the potential 
to improve organizational performance, employee satisfac-
tion and working conditions through human–machine inter-
action (Gualtieri et al. 2020; Paliga 2023).

However, some challenges and risks should be high-
lighted as well. Indeed, interaction between cobots and 
operators raises specific questions on how to ensure safety, 
ergonomics and security (Coupeté et al. 2016; Fraboni et al. 
2023; Maurtua et al. 2017), how to avoid operators’ health 
deterioration, cognitive workload or stress (Barcellini et al. 
2023; Hopko et al. 2023; Longo 2018; Panchetti et al. 2023), 
and how to deal with employee anxiety, frustration and pos-
sible failure (Gualtieri et al. 2020; Paliga 2023; Panchetti 
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et al. 2023), passion decay (Tang et al. 2022), or job inse-
curity (Yam et al. 2022). As the reciprocal roles played by 
workers are transformed by the collaboration with cobots 
(Alcover et al. 2021; Gualtieri et al. 2020) (e.g., workers 
can assume more responsibilities in supervising cobots and/
or other operators, Goodrich and Schultz 2007; Schneider 
et al. 2022), both an organizational mindset modification 
supported by managers, and the adoption of a continuous 
learning approach are needed (Fraboni et al. 2023; Yuan and 
Woodman 2010). More specifically, highly advanced and 
technological skills and appropriate training of workers are 
fundamental to maintain human control over the machine 
(Gualtieri et al. 2020; Santoni de Sio and van den Hoven 
2018; Tan et al. 2009). In some cases, the emergence of 
conflicts of autonomy or decisions between an operator and 
the system may even result in dangerous situations (Vander-
haegen 2021). Overall, due to the above-described possible 
risks, a participatory and inclusive human-centered approach 
(Kuru 2023; Vanderhaegen et al. 2021), focusing on work-
ers’ acceptance of cobots and preserving operators’ sustain-
able employability is advocated (Fraboni et al. 2023; Lin and 
Lukodono 2021; Moniz 2013; van Zyl et al. 2023).

Sustainable Employability (SE) generally refers to work-
ers’ capabilities and willingness to continue working over 
the long-term (van der Klink et al. 2015). A worker who 
is sustainably employed is more likely to own an extensive 
set of capabilities, such as health capabilities, related to the 
preservation of his/her health, and productive capabilities, 
concerning the development of the right competencies to 
achieve work goals (Hazelzet et al. 2019). Due to its char-
acteristics, human-cobot interaction is both an opportunity 
and threat to workers’ SE (Smids et al. 2019). Indeed, as 
already stated, technology-rich environments are character-
ized by particular risk factors, such as high work pressure, 
loss of usual work routine, role ambiguity, and cognitive 
demands (Gualtieri et al. 2020) that can significantly put 
workers’ health and productive capabilities at risk (Hazelzet 
et al. 2019; Picco et al. 2022a; van der Klink et al. 2015). 
As a consequence, operators’ functioning, and task perfor-
mance in particular, may be critically negatively affected 
(van der Klink et al. 2015). Furthermore, in these contem-
porary workplaces, workers’ acceptance of cobots can be a 
crucial factor influencing successful human-cobot collabora-
tion, and therefore operators’ task performance (Bröhl et al. 
2019).

1.1  Factors enabling successful human‑cobot 
collaboration

Current literature has only started focusing on factors that 
enable satisfactory human-cobot interaction. For example, 
Paliga, following previous studies (Paliga 2022; Paliga 
and Pollak 2021), showed that fluency in human-cobot 

interaction (i.e., highly coordinated actions between cobot 
and human) is positively related both to job performance 
and satisfaction (2023). Further, quantitative workload 
moderated these relations: at its increase, the association 
between human-cobot interaction fluency and outcomes was 
decreasing (Paliga 2023). In an experimental study, Hopko 
et al. (2023) verified that cobots’ unreliable manipulations, 
characterized by perturbations in cobots’ movements, nega-
tively impacted workers’ trust in positive interaction with 
cobots, task efficiency and accuracy, and raised operators’ 
stress levels. Reduced task efficiency was also associated 
with higher (cognitive) fatigue (Hopko et al. 2023). Simi-
larly, in another experimental study, Vianello et al. (2023) 
found that changes in cobots’ behaviors negatively impacted 
workers’ movement performance. Moreover, these workers 
also preferred collaborative modes of interaction, in which 
the cobot maintains a steady role (2023). Finally, Panchetti 
et al. (2023) showed, through a series of experiments, that 
modifications in the workstation were associated with higher 
levels of cognitive performance and lower levels of cognitive 
workload among operators. Additionally, workers’ accept-
ance of cobots predicted their stress, without impacting their 
cognitive workload.

Overall, the majority of existing studies has emphasized 
the role of quality and/or smoothness of tasks and actions 
synergically performed by the human-cobot system, in rela-
tion to effective system performance, whereas some stud-
ies have also considered the role of personal factors, such 
as cognitive workload or stress (Hopko et al. 2023). Up 
to our knowledge, up till now, no studies simultaneously 
investigated both the impact of contextual factors, such as 
organizational policies, and the role of factors operating at 
the interplay between the environment and the operator, such 
as technology acceptance, on the SE of workers that are col-
laborating with cobots and its related outcomes (e.g., task 
performance).

1.2  Study goal

The current study aims at addressing this gap in the litera-
ture by ascertaining whether the relationship between SE 
policies—i.e., organizational practices aimed at improv-
ing employee SE—and workers’ task performance—as a 
fundamental indicator of SE—is mediated by health and 
productive capabilities, and whether this indirect effect is 
moderated by the (levels of) main predictors of workers’ 
acceptance of cobots. As the Unified Theory of User Accept-
ance and Use of Technology (UTAUT), introduced by Ven-
katesh and Davis (2003), has already been applied to study 
human acceptance of collaboration with cobots, in this study 
we accordingly considered operators’ acceptance of cobots 
as predicted by four main variables, called UTAUT main 
predictors (i.e., performance expectancy, effort expectancy, 
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social influence and facilitating conditions) (Venkatesh and 
Davis 2003). This study was performed to answer to the 
following research question “What role do UTAUT main 
predictors have in activating workers’ health and produc-
tive capabilities to achieve successful task performance in 
digitalized workplaces?”.

2  Theoretical background

Van der Klink et al.’s model of SE (2015), and Picco et al.’s 
(2022a) additions to the model provide us with a framework 
to ascertain if, and, possibly, explain how SE policies impact 
employee task performance in digitalized workplaces. 
According to the model, and its subsequent specifications, 
SE outcomes, such as well-being and task performance, can 
be achieved at the workplace if: (1) personal and work fac-
tors are present (e.g., motivation and organizational policies, 
respectively), and (2) employee capabilities, such as health 
and productive capabilities, have been developed (Picco 
et al. 2022a; van der Klink et al. 2015). If these conditions 
are met, workers can choose if they want to achieve a spe-
cific SE outcome, such as task performance, by exploiting 
their capability set (van der Klink et al. 2015). In this choice 
of exploiting available capabilities, contextual factors are 
particularly important. Factors that predict workers’ accept-
ance of cobots in digitalized workplaces—i.e., performance 
expectancy, effort expectancy, social influence and facilitat-
ing conditions (Venkatesh ansd Davis 2003)—may, there-
fore, influence employees’ choice of exploiting their capa-
bilities in the achievement of SE outcomes (van der Klink 
et al. 2015).

2.1  Sustainable employability policies and task 
performance

Due to specific risks such as mental workload (Gualtieri 
et al. 2020) that can significantly impact the success of 
human-cobot collaboration, a focus on those organizational 
policies that may contribute to operators’ task performance 
is needed. In this study we consider organizational practices 
from a sustainable perspective by focusing on SE policies, 
which are organizational practices potentially improving 
employee SE, Ybema et al. 2017). In an attempt of map-
ping SE policies within an organization, the Netherlands 
Organization for Applied Scientific Research (TNO), pro-
vided a definition of these practices (2020). In particular, 
TNO underlined the importance of considering the degree 
of implementation and/or presence of: (1) a vision and strat-
egy that embrace SE; (2) a structural approach for health 
promotion, career, knowledge and skills development, and 
attention to work-life balance; (3) resources allocated to 
working on health, development and work-life balance; (4) 

the integration of HRM practices in the scope of SE; (5) 
the extent to which employees are able to prepare plans and 
are informed about SE organizational strategies; and (6) 
a “learning organization” culture in which employees are 
respected and valued (TNO 2020). All these practices are 
driven by the strategic organizational goal of synergically 
contributing to employees’ sustainable career over the long 
term (Ybema et al. 2017). In van der Klink et al.’s frame-
work of SE (2015), organizational policies are assumed to 
increase the chance of sustainable employment, character-
ized by the achievement of, amongst others, an adequate 
work performance. Specifically, policies that aim at address-
ing employees’ SE—defined as the set of employee capabili-
ties, including health and productive capabilities (Picco et al. 
2022a)—would potentially increase the task performance of 
employees collaborating with cobots.

Therefore, we argue that SE policies are positively 
related to operators’ task performance, and we propose the 
following:

Hypothesis 1.  SE policies are positively related with the 
task performance of workers collaborating with cobots.

2.2  Sustainable employability capabilities 
as mediators

Van der Klink et al. (2015) have based their model of SE 
on Amartya Sen’s concept of capability (2015). This notion 
specifically refers to what a person can do, including per-
sonal resources and the interaction or fit with the context 
that allows the person to make use of his/her capabilities 
to attain sustainable outcomes (Fleuren et al. 2020; van der 
Klink et al. 2015). Starting from the model by van der Klink 
et al. (2015), Picco et al. (2022a) have conceptualized SE 
capabilities as divided in four core categories namely health, 
productive, valuable work, and long-term perspective capa-
bilities. These categories include achievable opportunities 
related, respectively, to: (1) mental and physical health, or 
vitality, (2) productivity or safety behavior, (3) personal val-
ues, resources or job motivation, and (4) the exploitation of 
health, productive and valuable work opportunities over the 
long term. In this study we decided to focus only on health 
and productive capabilities, as discussed below. Health 
capabilities specifically concern employees’ perception of 
achievability of aspects like taking care of their health while 
maintaining their job or dealing with work-related stress. For 
workers collaborating with cobots, these capabilities may 
be fundamental in allowing them to properly adapt to new 
safety challenges and to face mental and physical workloads 
(Huber et al. 2011; Gualtieri et al. 2020; Picco et al. 2022a). 
Productive capabilities particularly refer to employees’ per-
ception of attainability of aspects like having the right com-
petencies and skills to perform the job, or the achievement of 
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assigned work goals. Consequently, productive capabilities 
may be particularly relevant for operators collaborating with 
cobots due to the necessity of exercising and developing 
advanced collaborative and autonomy skills to perform the 
job effectively (Smids et al. 2019).

Importantly, according to van der Klink et al. (2015), 
capabilities would have a converting or mediating role in 
the achievement of valuable job outcomes. In this case, they 
would, thus, mediate the relationship between SE policies 
and task performance. We suggest that, in highly digitalized 
workplaces, SE policies could foster operators’ health and 
productive capabilities that in turn would result in higher 
task performance. Therefore, we hypothesize the following:

Hypothesis 2.  Health and productive SE capabilities medi-
ate the relationship between SE policies and task perfor-
mance of workers collaborating with cobots.

2.3  Technology acceptance main predictors 
as moderators

New technologies, including cobots, that enter our work-
places are generally successful only if employees really 
accept and want to work with them  (Davis 1989; Venkatesh 
and Davis 2003). The Unified Theory of User Acceptance 
and Use of Technology (UTAUT, Venkatesh and Davis 
2003) has argued that there are four core determinants of 
users’ intention to use a specific technology (i.e., UTAUT 
main predictors), namely performance expectancy, effort 
expectancy, social influence and facilitating conditions. 
These dimensions respectively express: (1) the degree to 
which a person believes that using the technology will help 
her or him to achieve gains in job performance, (2) the 
degree of ease associated with the use of the technology, 
(3) the degree to which a person perceives that relevant oth-
ers believe (s)he should use the new technology, and (4) the 
degree to which an individual believes that an organizational 
and technical infrastructure exists to support use of the sys-
tem (Venkatesh and Davis 2003). In this sense, these main 
UTAUT predictors increase workers’ intention to collabo-
rate with a robot (Venkatesh and Davis 2003). Consequently, 
employees’ levels of UTUAT predictors may moderate the 
hypothesized indirect relationship between SE policies 
and task performance. Or, in other words, the relevance of 
SE policies for operators’ task performance via health and 
productive capabilities may be dependent on the levels of 
UTAUT main predictors.

In agreement with the discrepancy-arousal theory (Cap-
pella and Greene 1982, 1984; Kluger and DeNisi 1998), 
we argue that SE policies are more strongly related to 
task performance among workers reporting low levels of 
UTAUT predictors, because it is among these workers that 
capabilities are more activated. According to this theory, 

an incongruity between what is provided or developed by 
the environment on the one hand, and what a person needs 
on the other hand, would stimulate him/her to initiate strate-
gies to attain salient outcomes (Cappella and Greene 1982, 
1984; Kluger and DeNisi 1998; Hochwarter et al. 2006). 
In particular, workers that report lower levels of perfor-
mance expectancy, effort expectancy, social influence and 
facilitating conditions would be experiencing an incongruity 
between what the environment provides and what they need 
to collaborate effectively with cobots, and, therefore, these 
workers would be stimulated to initiate strategies to achieve 
adequate task performance (Cappella and Greene 1982, 
1984; Kluger and DeNisi 1998; Hochwarter et al. 2006). It 
is in these “worse” conditions that workers would be trig-
gered to activate their health and productive capabilities. 
Consequently, the UTAUT main predictors would moder-
ate the indirect relationship between SE policies and task 
performance, by acting on the association between health 
and productive capabilities and task performance. In accord-
ance with the above, we formulated the third hypothesis as 
follows:

Hypothesis 3.  UTAUT main predictors moderate the indi-
rect effect of SE policies on task performance via health 
and productive SE capabilities. This indirect effect would 
be stronger for workers that are collaborating with cobots 
and report low levels of UTAUT main predictors compared 
to workers collaborating with cobots that report high levels 
of UTAUT main predictors.

The hypotheses that guide this study are shown in Fig. 1.

3  Method

3.1  Design

Data to explore the impact of SE policies, UTAUT main pre-
dictors, and health and productive SE capabilities on work-
ers collaborating with cobots’ task performance, were col-
lected through cross-sectional surveys. Two cross-sectional 
surveys were conducted in a company using collaborative 
robots in manufacturing processes (Manufacturing Sample, 
M Sample) and in a convenience sample recruited with the 
help of a company producing collaborative robots and offer-
ing trainings on how to maximize their utilization in busi-
nesses (Convenience Sample, C Sample).

3.2  Sample and procedure

Between January and March 2022, data were collected 
in a Northern Italy SME manufacturing eyewear and ski 
goggles that, at the time of the survey, had been using 



143Cognition, Technology & Work (2024) 26:139–152 

1 3

collaborative robots for 4 years for assembly and finish-
ing tasks (i.e., molding injection, dispensing and laser 
marking). Forty two of the 80 employees involved in the 
M survey returned a pen and paper questionnaire, with 
a response rate of 49%. Thirty-nine questionnaires were 
finally included in the data analyses, after removing sub-
stantially incomplete questionnaires. Fourteen employ-
ees collaborated daily with robots, and the remaining 25 
employees were expected to use them in a near future.

Between March and September 2022, additional data 
were collected by means of an online survey (C survey). 
Participants were recruited with the help of the Northern 
Italian site of a company producing, selling and offer-
ing training on how to use collaborative robots in vari-
ous businesses. Participants were recruited through the 
company mailing list specifically targeting employees of 
companies that already adopted collaborative robots or 
had interest in doing that in the near future.

After removing incomplete questionnaires, 49 ques-
tionnaires were included in the data analyses. In order to 
obtain a bigger sample, data collected by means of both 
surveys were combined. Table 1 shows the descriptive 
statistics of the M sample, the C sample and the Total 
Sample (N = 88).

The following ethical measures were taken. Both stud-
ies were approved by the companies’ General Managers. 
In the M study, participants were informed about the 
study in a corporate meeting, organized with the help of 
the HR Manager. In both studies, participants were free 
to refuse participation and welcomed to express concerns 
about the study. A completed questionnaire was taken to 
imply consent. The participants’ privacy was guaranteed, 
and data were treated confidentially. Both studies were 
approved by the Ethics Committee of the University of 
Milano-Bicocca (RM-2022-500).

Fig. 1  The proposed moderated 
mediation model

Table 1  Descriptive statistics of the total sample (N = 88)

M Sample manufacturing sample, C sample convenience sample

Variable Total sample
M (SD)/%

M sample
M (SD)/%

C sample
M (SD)/%

Age (mean) 47.3 (11.5) 46.0 (9.1) 48.3 (13.0)
Gender (%)
 Men 64.8 28.2 93.9
 Women 35.2 71.8 6.1

Educational level (%)
 Middle education 21.6 46.2 2.0
 Secondary education 50.0 51.3 49.0
 Post-secondary education 

or bachelor’s degree
2.3 0.0 4.1

 Master’s degree 23.9 2.6 40.8
 Post-degree master or PhD 2.3 0.0 4.1

Job role
 Manager 6.9 0.0 12.2
 Supervisor 18.4 2.6 30.6
 White-collar 18.4 0.0 32.7
 Specialized blue-collar 4.6 0.0 8.2
 Blue-collar 40.2 91.2 0.0
 Trainee 2.3 0.0 4.1
 Other 9.2 5.3 12.2

Type of contract
 Open-ended contract 3.4 97.4 95.8
 Fixed-term contract 96.6 2.6 4.2

Use of collaborative robots
 Yes 35.2 35.9 34.7
 In the near future 64.8 64.1 65.3
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3.3  Measures

Sustainable employability policies. Ten items from the Busi-
ness Scan (TNO 2020) were adapted to measure employ-
ees’ perception of availability of organizational sustainable 
employability policies regarding health and career promo-
tion, allocation of resources, HRM practices, employee 
involvement and communication, and culture (e.g., “Your 
organization promotes healthy lifestyles and employee 
wellbeing”). Items were rated on a five-point scale from 1 
(not at all) to 5 (very much), with higher scores indicating 
higher levels of sustainable employability policies (10 items, 
α = 0.95).

Health capabilities Six items from the MAastricht 
Instrument for Sustainable Employability—Italian version 
(MAISE-IT, Picco et al. 2022b) were adapted to measure 
workers’ perception of achievability of aspects such as tak-
ing care of health while maintain the job or dealing with 
work-related stress. The set begins with “In your current sit-
uation, how much do you feel the following aspects related 
to health to be achievable?”, and an example item is “Work 
in a place where health and safety risks are managed”. Items 
were rated on a five-point scale from 1 (not at all) to 5 (very 
much), with higher scores indicating higher levels of health 
capabilities (6 items, α = 0.92).

Productive capabilities. Six items from the MAastricht 
Instrument for Sustainable Employability—Italian version 
(MAISE-IT, Picco et al. 2022b) were adapted to measure 
workers’ perception of attainability of aspects like having 
the right competencies to perform the job or the achievement 
of assigned work goals. The set begins with “In your cur-
rent situation, how much do you feel the following aspects 
related to competencies to be achievable?”, and an example 
item is “Have the right competencies to perform my job”. 
Items were rated on a five-point scale from 1 (not at all) to 5 
(very much), with higher scores indicating higher levels of 
productive capabilities (6 items, α = 0.93).

Performance expectancy. The “perceived usefulness” 
scale by Davis (1989) was used to measure the extent to 
which workers believe that using a cobot would improve 
their job performance (e.g., “Using a collaborative robot in 
my job would enable me to accomplish tasks more quickly”). 
The wording of the original items was tailored to “collabo-
rative robot”. Respondents answered six items on a scale 
ranging from 1 (strongly disagree) to 5 (strongly agree), with 
higher scores indicating higher levels of performance expec-
tancy (6 items, α = 0.97).

Effort expectancy. The “perceived ease of use” scale by 
Davis (1989) was used to measure the extent to which work-
ers perceive that using a cobot would be free of effort (e.g., 
“Learning to operate with a collaborative robot would be 
easy for me”). The wording of the original items was tailored 

to “collaborative robot”. Respondents answered six items 
on a scale ranging from 1 (strongly disagree) to 5 (strongly 
agree), with higher scores indicating lower levels of effort 
expectancy (6 items, α = 0.96).

Social influence. The “social influence” scale by 
Apolinário-Hagen et al. (2018) was used to measure the 
degree to which workers perceive that significant others are 
of opinion (s)he should use a cobot (e.g., “People close to 
me would approve of a collaborative robot”). The wording 
of the original items was tailored to “collaborative robot”. 
Respondents answered three items on a scale ranging from 
1 (strongly disagree) to 5 (strongly agree), with higher 
scores indicating higher levels of social influence (3 items, 
α = 0.93).

Facilitating conditions. The “facilitating conditions” 
scale by Apolinário-Hagen et al. (2018) was used to meas-
ure the degree to which workers believe that a technical and 
organizational infrastructure exist in their workplace to sup-
port the use of a cobot (e.g., “I have the necessary technical 
preconditions for using a collaborative robot”). The wording 
of the original items was tailored to “collaborative robot”. 
Respondents answered two items on a scale ranging from 1 
(strongly disagree) to 5 (strongly agree), with higher scores 
indicating higher levels of facilitating conditions (2 items, 
α = 0.91).

Task performance. One item was used to measure work-
ers’ task performance, as defined by Borman and Motowidlo 
(1993), and developed by Shimazu et al. (2010). The item 
measures a worker’s evaluation of his/her job performance 
in the last month, by considering the degree of achievement 
of his/her work goals: “Now rate your task performance over 
the past month on the basis of the achievement of what you 
consider to be your work goals”. Respondents answered on 
a 11-point scale ranging from 0 (no work goal achieved) to 
10 (all work goals achieved).

3.4  Demographics

The demographics collected by means of the surveys were 
age, gender, educational level, job role, type of contract and 
use of collaborative robots.

3.5  Data analyses

Descriptive and correlation analyses were first carried out 
using the SPSS 28 software package. Two regression analy-
ses, predicting health and productive capabilities from the 
combination of control variables and SE policies were per-
formed. Next, two mediation analyses, testing the media-
tion effects of health capabilities and productive capabilities, 
respectively, on the relationship between SE policies and 
task performance were conducted. This was followed by 
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performing moderated mediation analyses testing the mod-
eration effects of UTAUT main predictors on the relation-
ship between SE policies and task performance, mediated by 
health or productive capabilities, respectively. Process macro 
for SPSS was used for all mediation (model 4) and moder-
ated mediation analyses (model 14) (Hayes 2018).

4  Results

Means, standard deviations and correlations of all study 
variables are presented in Table 2. The results showed that 
task performance was significantly positively correlated with 
SE policies, confirming Hypothesis 1. In this study, gender 
and use experience of cobots were significantly associated 
with task performance. Therefore, they were included as 
control variables in the following analyses testing Hypoth-
eses 2 and 3. Age was not significantly associated with task 
performance. However, we decided to also include it to con-
trol for the possible influence of work experience on task 
performance (Ali and Davies 2003; Karanika-Murray et al. 
2022; Saks and Waldman 1998).

Tables 3 and 4 show the results of the regression analyses. 
When health capabilities were regressed on SE policies and 
the control variables (Table 3), the relationship between SE 
policies and health capabilities was positive and statistically 
significant (a = 0.49, p < 0.001). When task performance was 
regressed on health capabilities, SE policies, and the con-
trol variables, the relationship between health capabilities 
and task performance was positive and statistically signifi-
cant (b = 0.45, p < 0.001). Moreover, the direct effect of SE 
policies on task performance (c = 0.05) was not statistically 
significant.

When productive capabilities were regressed on SE poli-
cies and the control variables (Table 4), the relationship 
between SE policies and productive capabilities was positive 

Table 2  Means, standard deviations (SD) and correlations for the study variables (N ranges between 86 and 88)

**p < 0.001 * p < 0.05 (one-tailed)

Measure Mean SD 1 2 3 4 5 6 7 8 9 10 11

1. SE policies 3.05 0.92 1
2. Health capabilities 3.51 0.80 0.56** 1
3. Productive capabilities 3.73 0.87 0.52** 0.66** 1
4. Performance expectancy 3.10 1.10 0.33** 0.14 0.08 1
5. Effort expectancy 3.13 0.93 0.36** 0.26* 0.19* 0.58** 1
6. Facilitating conditions 3.12 1.08 0.35** 0.31** 0.20* 0.44** 0.82** 1
7. Social influence 3.03 1.03 0.44** 0.31** 0.21* 0.67** 0.55** 0.52** 1
8. Task performance 7.46 1.76 0.33** 0.46** 0.42** 0.10 0.24* 0.23* 0.21* 1
9. Age 47.3 11.5 – 0.04 – 0.03 0.01 – 0.16 0.03 – 0.09 – 20* 0.15 1
10. Gender – – –23* – 0.27** – 0.15 – 0.31** – 0.53** – 0.44** – 0.31** – 0.21* – 19* 1
11. Use experience of cobots – – – 0.24* – 0.23* – 0.16 – 41** – 0.23* – 0.34** – 0.44** – 0.24* 0.16 0.15 1

Table 3  Results of the regression analyses to test mediation of health 
capabilities (N = 80)

SE Standard errors, DV dependent variable
**p < 0.001 (one-tailed)

Dependent variable/predictors B SE R2

1. DV: Health capabilities 0.35**
 Age − 0.06 0.10
 Gender 0.15 0.10
 Use experience of cobots 0.13 0.10
 Sustainable employability policies 0.49** 0.10

2. DV: Task performance 0.34**
 Age 0.19 0.10
 Gender 0.08 0.10
 Use experience of cobots 0.14 0.10
 Sustainable employability policies 0.05 0.11
 Health capabiliities 0.45** 0.12

Table 4  Results of the regression analyses to test mediation of pro-
ductive capabilities (N = 80)

SE Standard errors, DV dependent variable
**p < 0.001 (one-tailed)

Dependent variable/predictors B SE R2

1. DV: Productive capabilities 0.27**
 Age − 0.01 0.10
 Gender − 0.02 0.10
 Use experience of cobots 0.02 0.10
 Sustainable employability policies 0.52** 0.10

2. DV: Task performance 0.32**
 Age 0.17 0.10
 Gender 0.16 0.10
 Use experience of cobots 0.19 0.10
 Sustainable employability policies 0.07 0.11
 Productive capabiliities 0.39** 0.11
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and statistically significant (a = 0.52, p < 0.001). When task 
performance was regressed on productive capabilities, SE 
policies, and the control variables, the relationship between 
productive capabilities and task performance was positive 
and statistically significant (b = 0.39, p < 0.001). Moreo-
ver, the direct effect of SE policies on task performance 
(c = 0.07) was not statistically significant.

To test Hypothesis 2, proposing a positive indirect effect 
of the SE policies on task performance via health capabili-
ties or via productive capabilities, the indirect effects ab 
and their 95% bootstrap confidence interval (CI) were com-
puted with PROCESS (Model 4). We obtained the follow-
ing results: indirect effect via health capabilities: B = 0.22, 
SE = 0.11; 95% CI [0.05, 0.49]; indirect effect via productive 
capabilities: B = 0.20, SE = 0.09; 95% CI [0.06, 0.41]. As 
these indirect effects were positive and the 95% confidence 
intervals did not contain zero, Hypothesis 2 was confirmed.

To test Hypothesis 3, proposing that the positive indirect 
effect of SE policies via health capabilities, and via produc-
tive capabilities, was moderated by the levels of UTAUT 
main predictors, we performed several moderated mediation 
analyses with PROCESS (Model 14). The indexes of moder-
ated mediation testing the hypothesized conditional indirect 
effects via health capabilities were statistically significant 
while moderating for performance expectancy (B = − 0.18, 
SE = 0.07; 95% CI [− 0.32, − 0.04]), effort expectancy 
(B = − 0.14, SE = 0.07; 95% CI [− 0.27, − 0.00]), social 
influence (B = − 0.19, SE = 0.07; 95% CI [− 0.34, − 0.07]), 
and facilitating conditions (B = − 0.16, SE = 0.08; 95% CI 
[− 0.32, − 0.02]). The indexes of moderated mediation test-
ing the hypothesized conditional indirect effects via produc-
tive capabilities were statistically significant while moder-
ating for performance expectancy (B = − 0.16, SE = 0.08; 
95% CI [− 0.32, − 0.02]), effort expectancy (B = − 0.14, 
SE = 0.06; 95% CI [−  0.27, −  0.02]), social influence 
(B = − 0.16, SE = 0.06; 95% CI [− 0.30, − 0.05]), and facil-
itating conditions (B = − 0.13, SE = 0.07; 95% CI [− 0.28, 
− 0.01]). These results indicate that the indirect effect of 
SE policies on task performance via health capabilities, and 
via productive capabilities, were dependent on the levels of 
UTAUT main predictors.

In particular, the indirect effects via health capabilities, 
and via productive capabilities were statistically signifi-
cant at low levels of the moderators, but not at high levels. 
Indeed, when the moderators took the value of 1SD below 
its mean (− 1SD), the indirect effects via health capabili-
ties were statistically significant (performance expectancy: 
B = 0.81, SE = 0.14; 95% CI [0.53, 1.10]; effort expectancy: 
B = 0.74, SE = 0.14; 95% CI [0.46, 1.02]; social influence: 
B = 0.79, SE = 0.13; 95% CI [0.53, 1.05]; facilitating condi-
tions: B = 0.39, SE = 0.16; 95% CI [0.10, 0.72]). Coherently, 
when the moderators took the value of 1SD below its mean 
(-1SD), the indirect effects via productive capabilities were 

statistically significant (performance expectancy: B = 0.75, 
SE = 0.15; 95% CI [0.44, 1.05]; effort expectancy: B = 0.72, 
SE = 0.14; 95% CI [0.44, 1.00]; social influence: B = 0.69, 
SE = 0.13; 95% CI [0.43, 0.95]; facilitating conditions: 
B = 0.69, SE = 0.15; 95% CI [0.39, 0.99]). However, when 
the moderators took the value of 1SD above their mean 
(+ 1SD), the indirect effects via health capabilities (perfor-
mance expectancy: B = 0.05, SE = 0.08; 95% CI [− 0.10, 
0.24]; effort expectancy: B = 0.08, SE = 0.08; 95% CI 
[− 0.06, 0.26]; social influence: B = 0.01, SE = 0.09; 95% CI 
[− 0.16, 0.20]; facilitating conditions: B = 0.07, SE = 0.09; 
95% CI [− 0.09, 0.26]), and via productive capabilities (per-
formance expectancy: B = 0.08, SE = 0.08; 95% CI [− 0.04, 
0.27]; effort expectancy: B = 0.10, SE = 0.07; 95% CI 
[− 0.02, 0.26]; social influence: B = 0.08, SE = 0.14; 95% CI 
[− 0.19, 0.36]; facilitating conditions: B = 0.10, SE = 0.08; 
95% CI [− 0.04, 0.27]) were not statistically significant. Tak-
ing all these results together, Hypothesis 3 was supported. 
Figures 2 and 3 display the conditional indirect effects via 
health capabilities, and via productive capabilities, respec-
tively, plotted for low and high levels of the moderators (i.e., 
performance expectancy, effort expectancy, social influence, 
and facilitating conditions).

5  Discussion

This study aimed to ascertain whether SE policies—defined 
as organizational practices that may improve employee SE 
(Ybema et al. 2017)—are directly and indirectly (through 
health and productive capabilities) related to workers’ task 
performance, as a fundamental outcome of employee SE 
(Picco et al. 2022a; van der Klink et al. 2015). Furthermore, 
it was investigated whether this relationship was dependent 
on the levels of UTAUT main predictors (i.e., performance 
expectancy, effort expectancy, social influence and facilitat-
ing conditions). Data were collected among two independ-
ent samples of Italian workers collaborating with cobots or 
expected to do so in the near future. In line with the hypoth-
eses, the results show that SE policies are related to the 
task performance of employees who are collaborating with 
cobots or are expected to do so in the near future. Moreo-
ver, we found that SE policies improve perceived health and 
productive capabilities at work. Among workers reporting 
low and medium levels of UTAUT main predictors, this, in 
turn, improved their task performance. That is, SE policies 
are significantly indirectly related to the task performance of 
employees who are collaborating with cobots through health 
and productive capabilities when they score low or medium 
on the UTAUT main predictors, but not if they score high 
on the UTAUT main predictors.
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5.1  Theoretical implications

This study, firstly, contributes to the model of SE as framed 
by van der Klink et al. (2015; Gürbüz et al. 2022), and inte-
grated by Picco et al. (2022a), by coming up with empirical 
evidence on the key antecedent role of SE policies for the 
task performance of workers-collaborating-with-cobots. As 
previous research found task performance to be associated 
with SE  (Abma et al. 2015; van Gorp et al. 2018), the ante-
cedent role of SE policies in the prediction of employee task 
performance is a valuable finding in the framework of SE. 
This result is in line with Gürbüz et al. (2022), who showed 
that inclusive leadership behaviors and high-involvement 
practices, such as having role flexibility or sharing informa-
tion at the workplace, fostered workers’ SE. By considering 
the role of not only high-involvement HR practices but also 
of other organizational practices synergically addressing a 
vision and strategy that embraces SE (e.g., by allocation of 
resources for health, work-life balance and skills develop-
ment, and a “learning organization” culture), this finding 
significantly enlarges our understanding of how digitalized 
organizations can foster employee task performance.

Secondly, the current study contributes to models of SE 
(Picco et al. 2022a; van der Klink et al. 2015) by providing 

empirical evidence for the associations between SE poli-
cies and health and productive capabilities, and between 
health and productive capabilities and task performance as 
a relevant SE outcome. In particular, this study constitutes 
the first attempt to empirically investigate the role of two 
categories of capabilities—health (i.e., addressing the main-
tenance of a good health) and productive (i.e., concerning 
the development of competencies to successfully perform) 
capabilities in high-tech workplaces. We showed that SE 
policies stimulate the development of health and productive 
capabilities of workers collaborating with cobots. On the 
other hand, as an extensive set of capabilities is considered 
as reflecting SE (Gürbüz et al. 2022; Picco et al. 2022a), the 
relationship between health and productive capabilities and 
task performance adds evidence for the association between 
SE and SE outcomes, as previously demonstrated by Abma 
et al. (2015), Gürbüz et al. (2022) and van Gorp et al. (2018). 
Overall, health and productive capabilities emerge as piv-
otal, both in connection with organizational factors (i.e., SE 
policies) and with operators’ task performance.

Third, the present study made an original contribution 
to the literature by integrating the SE perspective with the 
UTAUT theory, with the aim of investigating the mecha-
nisms of SE in digitalized workplaces like those where 

Fig. 2  Conditional indirect effects of UTAUT main predictors (i.e., performance expectancy, effort expectancy, social influence, and facilitating 
conditions) on task performance via health capabilities
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collaborative robots are adopted. By exploring the role of 
UTAUT main predictors in the context of the collaboration 
between workers and cobots, this study extends the field of 
technology acceptance, by providing an additional empirical 
test of the UTAUT model in work settings using collabora-
tive robotics (Bröhl et al. 2019; Panchetti et al. 2023).

Interestingly, this study illuminated the mediating role 
of health and productive capabilities in the enhancement of 
the task performance of workers collaborating with cobots 
who report low or medium levels of UTAUT main predic-
tors. This finding is in line with previous studies detecting 
similar phenomena of resources’ exploitation (i.e., social 
skills and job crafting behaviors) when attaining salient out-
comes (i.e., job performance and adaptive performance) in 
case of scarce environmental resources (i.e., organizational 
support and managers’ influence tactics; Hochwarter et al. 
2006; Vakola et al. 2022). This result is also, more broadly, 
in agreement with the discrepancy-arousal theory (Cappella 
and Greene 1982, 1984; Hochwarter et al. 2006; Kluger and 
DeNisi 1998) that argues that an incongruity between what 
is provided by the environment and what an individual needs 
would trigger the worker to initiate strategies to achieve rel-
evant outcomes. The findings showed that the mediating role 
of health and productive capabilities is dependent on the 

levels of UTAUT main predictors, thus opening new con-
ceptual questions in the study of SE in digitalized contexts.

Finally, in the light of SE models (Picco et al. 2022a; 
van der Klink et al. 2015), the findings of this study provide 
preliminary evidence for the role of workers’ freedom and 
agency in realizing SE outcomes. Indeed, according to the 
findings, employees in digitalized workplaces would choose 
to use their capabilities to achieve higher levels of task per-
formance only if their technology acceptance levels are criti-
cally low or medium.

5.2  Practical implications

Based on this study’s results, several recommendations can 
be made for practitioners and firms aiming at promoting SE 
in digitalized workplaces. Firstly, the positive association 
between SE policies and task performance means that com-
panies can enhance SE by developing these practices. Such 
policies should, therefore, implement a vision and strategy 
that embraces SE, allocating resources for health, work-life 
balance and skills development, integrating HRM practices 
in the scope of SE, and contribute to building a “learning 
organization” culture.

Fig. 3  Conditional indirect effects of UTAUT main predictors (i.e., performance expectancy, effort expectancy, social influence, and facilitating 
conditions) on task performance via productive capabilities
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Second, this study revealed the mediating role of health 
and productive capabilities in the relationship between SE 
policies and employee task performance when conditions 
for acceptance of technology are low. Favoring the use of 
these capabilities functions as an essential footpath to foster 
employee task performance when acceptance of technology 
is not high yet, for example, at the beginning of the imple-
mentation process of cobots. In fact, in these conditions, 
in accordance with SE models (Picco et al. 2022a; van der 
Klink et al. 2015) and discrepancy-arousal theory (Cappella 
and Greene 1982, 1984; Kluger and DeNisi 1998), employ-
ees would be particularly triggered to use their capabilities 
to attain salient outcomes. SE policies aimed at developing 
workers’ health and productive capabilities may, therefore, 
act as a fundamental step towards a successful human-
cobot collaboration, especially in conditions of (still) low 
technology acceptance. When the levels of employee tech-
nology acceptance predictors are high, health and produc-
tive capabilities are not identified as being relevant for the 
achievement of an adequate task performance (no significant 
mediation effect). However, in the SE models based on the 
capability approach, capabilities are seen as the expression 
of a meaningful and personal contribution of each worker 
to his/her work (Picco et al. 2022a; van der Klink et al. 
2015). Initiatives at the workplace aimed at, first, providing 
employees with adequate resources to accept cobots, and, 
secondly, empowering employees in the recognition of their 
valuable contribution to work would be particularly impor-
tant in contexts where the implementation of cobots has just 
started. These actions would, possibly, increase the chances 
of keeping human–robot collaboration sustainable, and avoid 
mechanisms of reduced autonomy or simplification of work 
(Berkers et al. 2022).

Lastly, the current study is, up to our knowledge, the first 
one aimed at addressing SE of workers collaborating with 
cobots in Italian SMEs, advancing from a previous study 
advocating for the sensitization of Italian employers to SE 
promotion (Picco et al. 2022b). The Italian industry context 
is characterized by a high proportion of SMEs that are cur-
rently addressing the challenge of conversion into smart fac-
tories, by adopting and creating technical solutions for pro-
duction, while developing sustainable management models 
(Matt et al. 2020; Osservatorio PMI Politecnico di Milano 
2021). Despite of the fact that collaborative robots are par-
ticularly well suited for these businesses and the impor-
tance of acceptance issues is recognized, SMEs frequently 
lack comprehensive plans to spot obstacles and promote 
cobots’ acceptance (Baumgartner et al. 2022). This study 
thus provides high priority insights to (Italian) employers 
about opportunities to increase the SE of their employees 
collaborating with cobots.

5.3  Limitations and future directions

Despite the evidence provided in this study on the mod-
erated mediated association between SE policies and task 
performance of workers collaborating with cobots, some 
limitations should be highlighted. First, this study used 
cross-sectional data, formally not suited for the investigation 
of casual relationships. Future studies using experimental 
or longitudinal designs need to be conducted in order to 
understand the causal ordering of variables, capturing the 
time dimension of SE (Fleuren et al. 2020), and assessing 
the impact of cobots’ usage over time. Second, our sample 
was relatively small and resulted from the combination of 
two independent samples. Only Italian workers, collaborat-
ing with a robot arm, mainly males, and partially belonging 
to the manufacturing industry were recruited. The generaliz-
ability of findings should, therefore, be taken with caution. 
In addition to improving the generalizability of the findings, 
a larger sample would have produced more trustworthy sta-
tistical results. However, it was difficult to recruit partici-
pants because employees and managers from the contacted 
manufacturing companies showed resistance to participate in 
this study as they felt this was interfering with their produc-
tion processes. Future studies may try to replicate our results 
in larger samples of workers collaborating with cobots; in 
samples of workers with different seniority of collaboration 
with cobots; among employees using other kinds of col-
laborative robotics; in other industrial sectors; and in other 
countries where organizations are implementing and using 
cobots. Third, all measures were self-reported, raising ques-
tions about overestimation of effects and common method 
variance. Fourth, this study explored the association between 
SE policies, health and productive capabilities, and task 
performance at different levels of UTAUT main predictors 
among workers collaborating with cobots. Future research 
could consider different work (e.g., sustainable leadership) 
and individual (e.g., motivation) SE antecedents, various 
capabilities (e.g., valuable work capabilities), other SE 
outcomes (e.g., job satisfaction), and other variables that 
have been demonstrated relevant in the study of technology 
acceptance (e.g., attitude towards using cobots, or trust in 
cobots, Kim 2022; Maiolo and Zuffo 2018). Finally, more 
research on the relationships between technology acceptance 
and SE capabilities is recommended.

6  Conclusion

This study shows that health and productive capabilities 
play a mediating role in the relationship between SE poli-
cies and the task performance of employees collaborating 
with cobots, but only for those employees who report low 
or medium levels of UTAUT main predictors, and thus feel 
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triggered to exploit their capabilities. Despite the small sam-
ple and cross-sectional design, this study provides insights 
into the mechanisms through which SE policies may contrib-
ute to a better task performance in digitalized workplaces. 
Overall, this research emphasizes the importance of adopt-
ing a sustainable approach to the fostering of employability 
and task performance among the contemporary workforce. 
This perspective synergically accounted for the complexity 
of bonds between personal, work and structural factors, by 
showing the weight of workers’ agency and acceptance in 
the achievement of successful human-cobot collaboration. 
The relevance of human factors, besides technical require-
ments, for human-cobot interaction is, therefore, made very 
clear.
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