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Abstract

Collaborative robots (cobots) are transforming healthcare manufacturing, offering bet-
ter working conditions and greater productivity. Yet, most studies remain confined to
lab settings, providing limited insight into how these robots perform in real-world set-
tings. This gap calls for research that explores their practical application, challenges, and
impact within actual organisational contexts. This thesis fills this critical gap by exploring
how factors influencing the acceptance of collaborative robots shape system perfor-
mance in healthcare manufacturing. It does so through three key objectives: (1) identi-
fying critical factors influencing acceptance in collaborative robot applications, (2) de-
veloping a conceptual framework, grounded in empirical findings, that associates ac-
ceptance-related factors with system performance, and (3) offering actionable recom-
mendations to create conditions that support favourable user responses to collabora-
tive robots.

The research draws on a real-world case study at a leading global healthcare company
in Germany, combining document analysis, eight participant observations, and 27 semi-
structured interviews with employees and managers. Guided by reflexive thematic anal-
ysis, the study developed a holistic conceptual framework for understanding human-
robot collaboration. This framework maps critical factors influencing the acceptance,
and consequently system performance of collaborative robot applications to the input,
process, and output dimensions across the individual and organisational levels. These
factors include elements at the input dimension—such as human, robot, and environ-
mental aspects—that shape attitudes towards collaborative robots. In turn, these input
factors influence key dynamics at the process dimension. Ultimately, acceptance of col-
laborative robots is determined at the output dimension, which is directly reflected in
system performance. Notably, emotional responses emerged as critical to the ac-
ceptance of these robots. Addressing employee concerns and supporting positive atti-
tudes must be the central foci of any successful collaborative robot implementation
strategy.

This study advances theoretical understanding at the intersection of human-robot col-
laboration and technology acceptance research by introducing a novel conceptual
framework for analysing the acceptance of collaborative robots and how it shapes sys-
tem performance. At the same time, it delivers practical insights for managers seeking
to foster employee acceptance of collaborative robot integration and drive better out-
comes in healthcare manufacturing. Derived from the conceptual framework, actiona-
ble recommendations tailored to specific employee groups are provided to inform the
enhancement of existing collaborative robot applications and the strategic planning of
future implementations.

Keywords: Collaborative robots, cobots, system performance, technology acceptance,
healthcare manufacturing, reflexive thematic analysis, human factors, robot factors,
organisational and environmental factors
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1.1 Background to the thesis

Over the past centuries, the four industrial revolutions have each introduced transform-
ative technological advancements that have fundamentally altered the nature of work
in the manufacturing sector, steering it towards greater automation. In this context, the
emergence of Industry 3.0 marked a turning point wherein robotic technology became
integral to industrial operations, driving a paradigm shift towards automating manufac-
turing processes (Gasparetto & Scalera, 2019). The importance of this technology is fur-
ther substantiated by its steadily growing adoption, with an annual growth rate of over
20% expected in 2025 (The Business Research Company, 2025a). Initially, these robots
were housed within cages and primarily employed in production lines in large-scale
manufacturing processes (Probst et al., 2024). Subsequent rapid technological advance-
ments precipitated the development of successive generations of advanced robotic sys-

tems with enhanced flexibility and functionality (Kakade, Patle, & Umbarkar, 2023).

The notion of the fourth industrial revolution, commonly referred to as Industry 4.0, was
first introduced at the Hannover Messe in 2011, which served as a critical juncture for
its subsequent popularisation and adoption within industrial spheres (Musarat, Irfan,
Alaloul, Magsoom, & Ghufran, 2023). This phase of the industrial revolution is charac-
terised by the integration of advanced technologies to facilitate the development of
smart factories, wherein interconnected machines and equipment communicate auton-
omously and make data-driven decisions, with the overarching aim of optimising man-

ufacturing efficiency and flexibility (Ozkdse & Giiney, 2023).

Following the introduction of Industry 4.0, significant progress has been witnessed in
the scale of implementation, the level of technological maturity, and the adoption tra-
jectories of these advanced technologies within the manufacturing landscape (Enrique,
Marodin, Santos, & Frank, 2023). However, the full-scale adoption of Industry 4.0 across
all manufacturing sectors remains an ongoing challenge and has yet to be fully achieved.
Thus, the concept of Industry 4.0 remains a prominent priority not only for many man-
ufacturing enterprises worldwide but is also a matter of political significance on the
agenda of the European member states (Carolis et al., 2025). In this context, the latest
generation of robots, namely collaborative robots, or cobots, is recognised as one of the
most promising technologies driving the transition towards Industry 4.0 in the manufac-

turing sector (Gualtieri, Fraboni, Marchi, & Rauch, 2022). Collaborative robots are de-
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signed to operate safely in close proximity to human operators without the necessity for
physical safety barriers, offering greater flexibility and adaptability than previous gener-

ations of robots (Kakade et al., 2023).

Despite ongoing efforts to fully realise the potential of Industry 4.0 implementation, the
advent of the fifth industrial revolution has been observed in recent years. Industry 5.0
builds on the technological foundation of Industry 4.0 by emphasising synergistic collab-
oration between humans and machines, aiming to achieve more personalised, sustain-
able, and socially responsible manufacturing outcomes (Musarat et al., 2023). The con-
cept of Industry 5.0 was formally introduced by the European Commission a decade af-
ter the introduction of Industry 4.0 through collaborative efforts of researchers and in-
dustry practitioners to reorient industrial development (Breque, Nul, & Petridis, 2021).
In the context of manufacturing processes, the Industry 4.0 approach is distinguished by
a system-centric paradigm that focuses on technological efficiency and autonomous op-
erations (Lu et al., 2022). In contrast, the Industry 5.0 approach is characterised by a
human-centric orientation, emphasising the symbiotic collaboration between humans
and advanced technologies to foster innovation, well-being, and sustainability (Lu et al.,
2022). Within the trajectory toward Industry 5.0, collaborative robot technology is in-
creasingly recognised as a decisive enabler, facilitating seamless human-machine inter-
action and supporting the paradigm shift toward human-centric, flexible, and sustaina-

ble manufacturing systems (Mukherjee, Raj, & Aggarwal, 2023).

The emergence of Industry 5.0 has led to the coexistence of two distinct industrial rev-
olutions (Xu, Lu, Vogel-Heuser, & Wang, 2021). Both of these revolutions emphasise the
critical importance of collaborative robots, primarily due to their unique technological
capabilities to enhance the work conditions of human operators and the performance
of manufacturing processes (Gualtieri et al., 2022). The enhancement of working condi-
tions is predicated on the utilisation of collaborative robots for physically demanding,
monotonous, or highly repetitive tasks, thereby enabling human workers to focus on
more complex, intellectually stimulating, and value-adding tasks (Heinold, Funk,
Niehaus, Rosen, & Wischniewski, 2023). Furthermore, the deployment of collaborative
robots has been identified as a strategic approach for enhancing productivity while sim-

ultaneously reducing manufacturing expenses by optimising process efficiency and re-
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ducing reliance on human labour for repetitive tasks (Arents et al., 2021; Javaid, Haleem,

Singh, & Suman, 2021).

While implementing novel technologies, such as collaborative robots, has the potential
to deliver significant advantages, it is crucial to acknowledge that these innovations can
concomitantly engender several challenges that require strategic consideration (Basile,
Tregua, & Giacalone, 2024). For instance, collaborative robots facilitate novel forms of
human-robot interaction, catalysing transformative processes within organisations that
extend beyond task automation to reshape work structures, hierarchies, and organisa-
tional dynamics (Fraboni, Brendel, & Pietrantoni, 2023). Concurrently, it is vital to rec-
ognise that collaborative robots are no longer conceptualised solely as instrumental
technologies to enhance productivity. Instead, they are now increasingly perceived as
social agents within organisational contexts, functioning in ways analogous to human
coworkers and actively shaping team dynamics and workplace interactions (Cascio &
Montealegre, 2016; Jacob, Grosse, Morana, & Konig, 2023). In this context, social refers
to the robot's capacity for interaction with employees and relationship-building within
the workplace. This evolution necessitates a more nuanced and strategic approach to
their integration than is typically required for conventional technologies (Wang, Lim,

Cheah, & Lim, 2025).

Given the challenges previously outlined and the multifaceted implications associated
with implementing collaborative robots, it is vital to examine their implementation in
the context of technology acceptance research. The integration of such novel and ad-
vanced technological solutions into organisational structures exerts a substantial influ-
ence on their effective utilisation, which, in turn, plays a vital role in shaping the overall
performance and adaptability of the organisational system (Hopko, Wang, & Mehta,
2022). In this context, employee acceptance of collaborative robots is considered an im-
portant factor, as it is likely to have a noticeable impact on organisational performance
(Lambrechts, Klaver, Koudijzer, & Semeijn, 2021; Liang, Rasheed, Cai, Wibranek, &
Awolusi, 2024; Prassida & Asfari, 2022). This gives rise to the central research problem
and purpose: to explore the critical factors influencing the acceptance of collaborative
robots and how these factors shape system performance in organisational settings. As
such, the present study is intended as a stepping stone towards the broader goal of un-

derstanding system performance, defined here as the combined effectiveness and effi-
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ciency of all key elements—including employees, robots, processes, and organisational

structures—in achieving manufacturing objectives.

1.2 Research problem and purpose

The motivation for this research stems from the increasing implementation of collabo-
rative robots in manufacturing settings (The Business Research Company, 2025b), cou-
pled with persistent organisational challenges and a growing demand for practical guid-
ance among industry practitioners. Notably, literature from comparable contexts—such
as the introduction of advanced manufacturing technologies—indicates that a substan-
tial number of implementation efforts fail, not due to technological shortcomings, but
rather because of organisational and human factors that impede successful adoption
(Charalambous, Fletcher, & Webb, 2015; Kopp, Baumgartner, & Kinkel, 2021; Suka-

thong, Suksawang, & Naenna, 2021).

In addition to insights from the literature, the researcher's own experience with tech-
nology implementation projects has repeatedly underscored both the complexity and
prevalence of these challenges in real-world settings. This direct exposure to implemen-
tation obstacles and practitioner concerns further highlights the need for focused re-
search in this area, aiming to address widespread issues and support successful adoption

of collaborative robots in manufacturing environments.

Gambao (2023) identified low employee acceptance as one of the most significant bar-
riers to the successful implementation of collaborative robots. The relevance of investi-
gating collaborative robot acceptance is further underscored by the consensus among
study participants—including stakeholders from academia, robot manufacturers, and
industry practitioners—that this issue constitutes a critical research problem. The im-
pact of collaborative robot technology on production performance in the European Un-
ion has been rated as notable for the entire manufacturing sector, whilst highlighting
the scope for even greater impact in specific enterprise contexts (Gambao, 2023; Liu &
Son, 2024). Thus, understanding how factors influencing the acceptance of collaborative
robots shape system performance constitutes a research problem of considerable scope

and practical significance for the manufacturing sector.

However, as previously outlined, improving productivity and performance is not the sole

goal of human-robot collaboration within the framework of Industry 4.0. Enhancing pro-
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duction performance is intrinsically linked to improving product quality and operational
flexibility (Enrique et al., 2023). Furthermore, integrating this technology serves broader
strategic purposes, including reducing dependency on manual labour, enhancing work-
ing conditions, and retaining skilled workers (Dornelles, Ayala, & Frank, 2023). Collec-
tively, these factors significantly influence the performance and resilience of organisa-

tions.

In the context of human-robot collaboration, it is imperative to consider the perfor-
mance of both the human and the collaborative robot as an integrated system, given
their close interdependence during joint task execution. Consequently, the analysis of
human-robot collaboration requires the consideration of the human, the collaborative
robot, the work system, and the organisational context (Tomidei, Guertler, Sick, Paul, &
Carmichael, 2024). This perspective posits that introducing a collaborative robot in-
volves organisational change beyond mere reconfiguring work processes (Meissner,
Triibswetter, Conti-Kufner, & Schmidtler, 2020). Following the same line of thinking,
Hopko et al. (2022) emphasise the necessity to introduce a multidimensional assess-
ment of human-robot collaboration, encompassing (1) human factors, (2) robot-specific

capabilities, and (3) organisational and environmental determinants.

To the best of the researcher's knowledge, no empirical qualitative study has, to date,
holistically explored the interrelated roles of the three critical dimensions—human fac-
tors, robot-specific capabilities, and organisational and environmental determinants—
in understanding how the acceptance of collaborative robots influences system perfor-
mance within real-world healthcare manufacturing settings. This points to a substantive
research gap in the extant literature. Moreover, the necessity to conduct further analy-
sis on the performance dynamics of human-robot teams is consistently highlighted by
Di Pasquale et al. (2024), Rinaldi, Caterino, and Fera (2023), and Hopko et al. (2022).
Additionally, the importance of drawing on empirical data from real-world industrial
contexts is widely recognised across the literature (Liao, Lin, & Chen, 2023; Parvez,
Arasli, Ozturen, Lodhi, & Ongsakul, 2022; Rossato et al., 2021). Therefore, it is essential
to deliberately design the participant sample so as to mirror the diversity typically ob-
served among employees in actual work settings, including aspects such as age, gender,

educational background, job position, and other relevant demographic characteristics.
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Identifying this research gap provides a compelling rationale for conducting the present

study and serves as the foundation for the aim and objectives articulated in this thesis.

1.3 Aim and objectives of the thesis

This thesis can be placed in the intersection of human-robot collaboration and technol-
ogy acceptance research. The central aim of this thesis is to understand employee ac-
ceptance of collaborative robots within real-world manufacturing environments and to
elucidate the implications of this acceptance for system performance enhancement. In

pursuing this aim, this thesis thus seeks to address the following research question:

How do factors influencing the acceptance of collaborative robots (cobots) shape sys-

tem performance in the healthcare manufacturing sector?

To systematically address the research question, the thesis focuses on three objectives

as follows:

1. To explore and identify the critical factors that influence the acceptance of collab-
orative robots (cobots) in the healthcare manufacturing sector.

2. To develop a conceptual framework that illustrates how acceptance-related fac-
tors are associated with system performance, grounded in empirical insights and
contextualised within existing theoretical perspectives on human-robot collabora-
tion and technology acceptance.

3. To derive actionable recommendations to create conditions for favourable user
responses to collaborative robots (cobots) within the context of healthcare manu-
facturing.

The aim and objectives outlined above establish the foundation for delineating the

scope and boundaries of this thesis, which are presented in the following section. This

ensures that the investigation of the research question is approached in a focused and
methodologically coherent manner, thereby enhancing the study's conceptual clarity

and analytical precision.

1.4 Scope and delimitations

The empirical and analytical focus of this study is on the healthcare manufacturing sec-

tor. This sector comprises companies manufacturing pharmaceutical and diagnostic
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products that comply with the requisite regulatory standards, ensuring the safety, effi-
ciency, and quality of medical treatments and in-vitro diagnostic reagents. Integrating
collaborative robots is particularly relevant to this sector for three key reasons, each

underscoring the critical importance of targeted research in this field.

Firstly, the healthcare manufacturing sector is characterised by an increasing demand
for efficient small-to-medium-sized manufacturing operations, primarily driven by the
growing emphasis on personalised medicine and diagnostics (Horgan et al., 2020). Un-
like traditional industrial robots, collaborative robots exhibit enhanced flexibility and
adaptability, making them well-suited to manufacturing environments involving fre-
guent product variations and reduced batch sizes. Secondly, collaborative robots can
perform tasks involving hazardous materials and ergonomically strenuous tasks, reduc-
ing human exposure to occupational risks and mitigating repetitive strain injuries (Bi et
al., 2021). This issue is of particular significance in the production of diagnostic products,
where handling hazardous materials is commonplace and repetitive tasks such as pack-
aging are routine. Finally, implementing collaborative robots enhances process repro-
ducibility and precision while concurrently mitigating the potential for human error (Di
Pasquale, Simone, Giubileo, & Miranda, 2023). This capability is paramount in highly
regulated environments, such as the healthcare manufacturing sector, where compli-
ance with strict quality and safety standards is mandatory. Thus, the implementation of
collaborative robots holds the potential to support organisations in the healthcare man-

ufacturing sector across multiple aspects.

However, it is imperative to note that any initiative about automation is typically pre-
ceded by a meticulous analysis of the most suitable technology to employ and the opti-
mal configuration of the automated manufacturing process, which collectively inform
the development of a robust business case for automation (Goh et al., 2020). However,
the present thesis does not aspire to engage in such a decision-making process nor pro-
vide guidance. Instead, it is based on the assumption that the decision to implement
collaborative robots has already been made following a thorough evaluation of the spe-
cific circumstances and requirements of the manufacturing context under considera-

tion.

The defined scope and delineation of boundaries of this thesis provide the foundation

for assessing its academic and practical significance and novelty. The following section
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further elucidates the relevance and distinctiveness of this research by presenting a de-

tailed overview of its key contributions and unique features.

1.5 Significance and novelty of the research

Collaborative robots are increasingly recognised as one of the most salient technological
advancements in the context of Industry 4.0, improving worker well-being and produc-
tion performance (Cherubini et al., 2023; Gualtieri et al., 2022). Moreover, it is antici-
pated that this technology will play a pivotal role in the emerging paradigm of Industry
5.0, with scholars highlighting its potential to reshape human-centric production pro-

cesses (Hassoun et al., 2024; Mukherjee et al., 2023).

In recent years, collaborative robots have become increasingly prevalent across diverse
industrial manufacturing contexts (Weidemann et al., 2023). As Selvam, Aggarwal,
Mukherjee, and Verma (2023) argue, implementing collaborative robots represents a
significant advancement in industrial manufacturing, particularly in sectors such as
healthcare manufacturing, where they are leveraged to enhance productivity, cost-ef-
fectiveness, and operational flexibility. Complementing this, Mathew, McGee, Roche,
Warreth, and Papakostas (2022) reveal that integrating collaborative robots into drug
manufacturing processes significantly enhances production performance, mainly by au-
tomating routine tasks. Further, supporting this perspective, a case study conducted by
Rossi et al. (2020) demonstrates the benefits of collaborative robots in manufacturing
biomedical products, emphasising their role in optimising process efficiency and product
quality.

Furthermore, the significance of this research is reinforced by the growing recognition
of the need for a holistic perspective when examining the complex, multifaceted impli-
cations of human-robot collaboration, as emphasised by Gervasi, Mastrogiacomo, and
Franceschini (2020). Responding to this scholarly call, the present study adopts an inte-
grated approach to exploring the critical factors influencing acceptance and system per-
formance. Such a perspective advances academic understanding and yields practical im-
plications for industry practitioners seeking to enhance operational efficiency, work-

force adaptability, and system resilience amidst rapid digital transformation.
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In addition, this research presents a series of actionable recommendations to create
conditions for favourable user responses, positive attitudes towards, and acceptance of
collaborative robots. As Fraboni et al. (2023) noted, when collaborative robots are
thoughtfully implemented, they can simultaneously enhance productivity and worker
satisfaction. The recommendations developed in this thesis are designed to support
managers in successful human-robot collaboration, making the research highly relevant
for industry practitioners seeking to optimise their operations using collaborative ro-
bots. Thus, the present thesis directly responds to the concerns articulated by Selvam et
al. (2023) regarding the complexities of implementing collaborative robots within
healthcare manufacturing settings by offering contextually grounded strategies that ad-

dress both technical and organisational barriers to adoption.

Beyond its significance, this research is distinguished by several novel contributions.
Firstly, it presents an in-depth analysis of technology acceptance in the context of col-
laborative robots. By systematically investigating the critical determinants of acceptance
and how they shape system performance, this study addresses a notable gap in existing
research, particularly within industrial settings where collaborative robots are increas-
ingly being implemented. This contribution is supported by the findings of Hopko et al.
(2022) and Di Pasquale et al. (2024), who both highlight the relative neglect of techno-
logical, organisational, and environmental dimensions in studies of human-robot collab-
oration. In response, this research adopts a holistic perspective, integrating multilevel
influences to extend the current understanding of system performance beyond the con-
ventional scope of human factors, which, as outlined by Nobile, Bibbo, Russo, and Con-

forto (2024), has been the primary focus to date.

By doing so, this research advances theoretical discourse by moving beyond the individ-
ual-centric paradigm and incorporating a more nuanced exploration of the complex, in-
terdependent factors influencing the successful adoption of collaborative robots. This
multidimensional approach is critical for capturing the full spectrum of influences on
collaborative robot adoption, allowing for a more detailed and context-sensitive foun-

dation for both academic inquiry and practical implementation.

Secondly, the present research makes a significant contribution through its empirical
investigation of the determinants of acceptance and system performance in collabora-

tive robot deployment. Based on the empirical data, this study proposes a conceptual
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framework that offers a nuanced and structured lens to understand how the integration
of collaborative robots in manufacturing settings can be evaluated and optimised to en-
sure that the potential benefits of this technology are fully realised. This study not only
introduces new knowledge but also strengthens the contextual applicability of estab-
lished theories by drawing on them in the discussion, specifically in relation to the com-

plexities of collaborative robot adoption in manufacturing contexts.

Finally, the study's sector-specific focus on healthcare manufacturing adds a layer of
contextual specificity and relevance that enhances the practical applicability of the find-
ings. As noted by Mathew et al. (2022), the healthcare manufacturing sector stands at a
pivotal juncture where the integration of collaborative robots could substantially shape
the industry's future landscape. The urgency of this investigation is further reinforced
by Borboni et al. (2023), who observe that collaborative robot adoption in the pharma-
ceutical industry remains markedly lower than in more automation-intensive sectors
such as automobiles, electronics, and food and beverage. By grounding the analysis in a
real-world manufacturing setting, this study generates evidence-based and actionable
insights regarding the performance implications of collaborative robot implementation.
These insights are particularly valuable for industry stakeholders aiming to overcome
adoption barriers and align technological advancements in the healthcare manufactur-

ing sector.

Moreover, the empirical analysis of collaborative robots within an actual manufacturing
context also constitutes a core dimension of this study's originality and scholarly contri-
bution. Liao et al. (2023) emphasised that research grounded in real-world industrial
settings provides a deeper and more authentic understanding of the socio-technical dy-
namics influencing the adoption of collaborative robots. This methodological choice is
particularly significant given the observation by Picco, Miglioretti, and Le Blanc (2024),
who posit persistent challenges in recruiting participants from industrial manufacturing
settings due to operational sensitivities, confidentiality concerns, and resource con-
straints. In light of these challenges, the ability to secure access to a functioning manu-
facturing site actively deploying collaborative robots emerges as a distinctive feature of

the present study.

Following the preceding discussion of the research's significance and novelty, the next

section introduces the qualitative approaches to technology acceptance research,
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closely aligned with the main objectives of the thesis. Given the focus on human-robot
collaboration and technology, particularly regarding the complex, context-dependent
nature of collaborative robots, a qualitative research design is considered highly appro-

priate.

1.6 Qualitative approaches to technology acceptance research

Four arguments support the suitability of the qualitative research approach, each
aligned with the overarching aim and objectives of the thesis. Firstly, qualitative re-
search is inherently exploratory in nature and particularly effective in generating a deep,
nuanced understanding of a phenomenon through detailed, context-rich data (Lim,
2024). This approach is congruent with one of the research objectives of the thesis,
which aims to explore and identify the critical factors influencing employee acceptance
when deploying collaborative robots. Moreover, the emphasis on human-robot collab-
oration necessitates an approach that accounts for users' experiences, perceptions, and
interactions with these robots (Veling & McGinn, 2021). Further, a review of existing
studies in the field reveals that qualitative methods, encompassing interviews and ob-
servations, are particularly well-suited for capturing the multifaceted nature of human-

robot interactions in organisational settings (Veling & McGinn, 2021).

Secondly, another key objective of the thesis is to create a conceptual framework
grounded in the insights derived from the collected data. By exploring how these factors
are associated and interact, the research aims to construct a coherent and theoretically
informed representation of the technology acceptance dynamics and contextual influ-
ences shaping system performance. Shah and Corley (2006) posit that qualitative re-
search is particularly well-suited for developing conceptual frameworks, as it facilitates
the synthesis of rich, contextually embedded insights that are often essential for theory
building.

Thirdly, to formulate actionable recommendations aimed at fostering favourable user
responses to and attitudes towards collaborative robots, it is necessary to have a deep,
context-sensitive understanding of the phenomenon under investigation, which cap-
tures the subtleties of users' experiences, concerns, and expectations. These detailed

insights enable the development of specific, contextually relevant, and practically appli-
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cable recommendations rather than generic or superficial solutions (Braun & Clarke,

2013).

Demonstrating functional reflexivity, the researcher recognises that the choice between
qualitative and quantitative approaches is not merely a methodological decision. In-
stead, as Veling and McGinn (2021) assert, it is inherently linked to the epistemological
and ontological assumptions underpinning the research. In this research, the qualitative
approach is consistent with the constructionist worldview of the researcher, which rec-
ognises the subjective and socially constructed nature of human experience—particu-

larly relevant when investigating the multifaceted nature of human-robot interactions.

Having established the rationale for adopting a qualitative research approach, it is
equally important to consider the role of the researcher within this interpretive frame-
work. In qualitative inquiry, the researcher is not merely a neutral observer but an active
participant in the research process, whose positionality and background can shape data
collection, interpretation, and analysis (Braun, Clarke, & Hayfield, 2022). The following
section provides insight into how the researcher's background may influence the re-

search process and the interpretation of the findings.

1.7 Role of the researcher

Before and during the preparation of this thesis, the researcher held a managerial role
in one of the manufacturing departments of the healthcare company that serves as the
focal context of this research. Possessing nearly two decades of professional experience
across various positions in the healthcare manufacturing sector, the researcher has
gained a deep and nuanced understanding of operational processes, organisational dy-

namics, and the integration of new technologies, including collaborative robots.

It is important to acknowledge that the researcher's perspective is shaped not only by
extensive practical experience but also by a strong scientific foundation in natural sci-
ences. This fosters a clear preference for structured processes and an analytical ap-
proach in the researcher's professional practice and thinking. Despite philosophical
commitments to a qualitative and constructionist paradigm, the wording used in this
thesis may at times reflect influences arising from the researcher's disciplinary back-

ground. An example of this is the deliberate use of third-person references to the author
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of this research throughout the thesis. While this is not standard practice in all qualita-
tive approaches, it serves to foster reflective neutrality rather than full subjectivity, en-
suring a balanced and transparent presentation of the research process and findings.
The researcher remains mindful of these disciplinary influences stemming from a natural
science-oriented healthcare manufacturing background, and promotes transparency

and rigor by actively acknowledging this disciplinary context.

Another important aspect is that the researcher's insider perspective offers distinct ad-
vantages that enhance the depth and relevance of the study. In particular, the re-
searcher's organisational position facilitated privileged access to key data sources and
research participants with specialist knowledge and direct experience using collabora-
tive robots in the healthcare manufacturing sector. This insider access facilitates a more
nuanced understanding of the practical challenges, contextual dynamics, and organisa-
tional implications of deploying collaborative robots. Consequently, the findings of this
study are grounded in real-world application, thereby contributing both theoretically
and practically to the emerging discourse on human-robot collaboration in complex

manufacturing environments.

Despite the advantages mentioned above, the researcher acknowledges the potential
for personal bias to be inherited when conducting insider research. Several procedural
safeguards were implemented during the data collection process to mitigate this risk
and enhance the credibility of the findings. First, the interview protocol was piloted and
subjected to critical review by peers and supervisory committee members to ensure
clarity, neutrality, and relevance (Majid, Othman, Mohamad, Lim, & Yusof, 2017). This
step helped to refine the questions and minimise the influence of researcher assump-
tions. Furthermore, participants were allowed to review their interview transcripts for
accuracy, provide feedback, and clarify or elaborate on their responses as necessary.
This process of respondent validation (also known as member checking) contributed to
the trustworthiness and confirmability of the data by ensuring that the participants' per-

spectives were accurately represented (Motulsky, 2021).

In addition, the researcher has adopted a reflexive stance throughout the study, criti-
cally examining the potential influence of personal biases on the research process and
outcomes. This approach aligns with Cunliffe's (2003) argument that researchers must

participate in constituting knowledge and shaping the research context. To support this
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view, the researcher maintained a systematic record of reflexive thoughts and experi-
ences in the form of memos throughout the research process. This practice fostered
self-awareness and enhanced the transparency of the analytical process, as advocated
by Attride-Stirling (2001). This approach was instrumental in contributing to the credi-
bility of the findings, particularly in instances where participant perspectives diverged
significantly from the researcher's. Moreover, the researcher's theoretical orientation
and positionality were explicitly acknowledged, following Braun and Clarke's (2006)
guidance on the importance of situating the researcher within the interpretive process.
To maintain ongoing awareness of potential biases, regular reflective discussions were
held with peers and supervisors, ensuring that critical scrutiny informed each stage of

the research.

Moreover, to fully capture the context and implications of this research, it is imperative
to define the key terms central to the study. Establishing this clear conceptual vocabu-
lary is fundamental to ensuring consistency, precision, and coherence throughout the

research.

1.8 Definition of key terms

nmn

Specifically, these key terms include "collaborative robot", "collaborative manufacturing
setup", and "system performance". The following subsections provide detailed defini-

tions of each term within the scope of the study.

Collaborative robot

Collaborative robots, commonly called cobots, are programmable machines capable of
interacting physically with their environment and executing complex tasks by manipu-
lating objects alongside human operators (Gervasi et al., 2020; Nichols, 2020). Unlike
traditional industrial robots, typically isolated in fenced-off areas for safety reasons, col-
laborative robots are specifically designed to interact closely with humans, enabling di-
rect and safe human-robot interaction. The notion of collaborative robots was initially

proposed in 1996 (Colgate, Wannasuphoprasit, & Peshkin).

Even though the concept of collaborative robot technology was first introduced almost
30 years ago, the first commercially available collaborative robot was not launched until

2004 (Kakade et al., 2023). Furthermore, it was not until 2015 that a broader range of
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collaborative robots from various manufacturers became widely available in the com-

mercial market (Kakade et al., 2023).

In response to the growing adoption of collaborative robots in industrial environments,
the International Organization for Standardization (ISO) has published a series of stand-
ards to govern their safe and effective utilisation. Specifically, ISO 10218 outlines the
general safety requirements for industrial robots, including provisions for their integra-
tion into work processes, and addresses key considerations pertinent to collaborative
operations (International Organization for Standardization, 2011). Building upon this,
ISO/TS 15066 was introduced as a supplement to the standard above, providing a com-
prehensive set of specific requirements and guidelines that are particularly relevant to
collaborative robots (International Organization for Standardization, 2016). These
guidelines emphasise the critical aspects of risk assessments and safety requirements,
ensuring human operator safety when working with collaborative robots. Consequently,
it is imperative to recognise the significance of these standards in the practical imple-
mentation of collaborative robots within industrial contexts, as they provide a frame-
work for the safe and effective integration of such robots into diverse industrial applica-

tions.

Collaborative manufacturing setup

The advent of collaborative robotics provides a valuable technological option for manu-
facturing companies. However, it simultaneously necessitates a series of strategic deci-
sions. One of the primary considerations is selecting the most appropriate manufactur-
ing setup for a given operational context. Broadly, these setups can be classified into
three categories: fully manual setups, in which all tasks are performed exclusively by
humans; collaborative setups, where humans and collaborative robots work alongside
one another; and fully automated setups, typically involving traditional industrial robots

operating autonomously.

The selection among these alternatives depends on several key selection criteria identi-
fied in the literature: (1) production volume, (2) batch size, (3) flexibility needed, and (4)
number of variants required to produce (Heilala & Voho, 2001; Malik & Bilberg, 2017;
Rosati, Faccio, Carli, & Rossi, 2013). Based on these criteria, manufacturing units can

decide which manufacturing setup is most appropriate for their particular situation, as

27



shown in Figure 1-1. Aligning the manufacturing setup with these criteria is essential for

operational efficiency and effectiveness.
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Figure 1-1: Criteria for manufacturing setup (Sources: Heilala & Voho, 2001, p. 23;
Rosati et al., 2013, p. 9)

Once it has been established that a collaborative manufacturing setup utilising a collab-
orative robot is the most suitable approach, the organisation must then determine the
nature and extent of interaction between human operators and the collaborative robot.
According to ISO/TS 15066, collaborative operations are defined as "a state in which a
purposely designed robot system and an operator work within a collaborative work-
space" (International Organization for Standardization, 2016, p. 1). This definition is par-
ticularly significant because it highlights a critical distinction: not all collaborative robots
are necessarily utilised in collaborative operations. While a collaborative robot is de-
signed with collaborative capabilities, it may still operate in isolation from human work-

ers, depending on the specific task requirements.

Both decisions—the selection of the manufacturing setup and the level of interaction
within the collaborative operations—are presented in this thesis to provide an overview

of the context in which the usage of collaborative robots may be appropriate.

System performance

Following the decision to implement a collaborative robot, questions concerning the
productivity and performance of the manufacturing system become central, particularly
from a management perspective. Accordingly, the term system performance needs to

be defined. However, it is important to acknowledge that neither the assessment criteria
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nor the boundaries of system performance are universally fixed. In practice, the defini-
tion and assessment of system performance depend on the priorities of key stakehold-
ers—such as direct managers and employees—and may encompass a variety of dimen-
sions. Where these boundaries are set—and which elements are included as part of the
system—is thus a critical question that determines both the scope and interpretation of

performance outcomes.

Drawing on the concept of human-robot team productivity as proposed by Chen, Yang,
Gu, and Hu (2022), system performance is understood not solely in terms of the imme-
diate performance of the collaborative robot but more broadly as the outcome of the
interaction and synergies between human operators and the entire manufacturing pro-
cess. This integrative perspective emphasises the synergies between humans and col-
laborative robots within a shared workspace, reflecting a holistic approach to evaluating

performance (Tomidei et al., 2024).

Accordingly, the concept of system performance necessitates a holistic perspective,
evaluating the interconnectivity and reciprocal influence of all system components on
the overall manufacturing process output (Hopko et al., 2022). This conceptualisation
moves far beyond the conventional understanding of performance, which is often nar-
rowly defined in terms of productivity metrics—typically calculated as the output-to-
input ratio (Coronado et al., 2022). While such quantitative assessments remain rele-
vant, they fail to capture the nuance involved in human-robot interaction in a collabo-
rative manufacturing setup, where dynamic interactions between human operators, col-
laborative robots, and the broader organisational and physical context shape perfor-
mance. Therefore, a nuanced understanding of system performance requires an inte-
grative approach that recognises collaborative robots not as isolated technological tools
but as embedded and interactive elements within the socio-technical fabric of the man-

ufacturing process (Hopko et al., 2022).

As the present thesis focuses primarily on acceptance factors in collaborative robot de-
ployment, its findings should be regarded as a stepping stone towards a more nuanced
understanding of system performance in human-robot collaboration—underscoring the
importance of human factors while acknowledging that further insights will depend on
the integration of additional dimensions. In this context, the meaning and boundaries of

system performance are collaboratively defined by the study's participants—namely,
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employees and managers—whose perspectives illuminate which facets of performance

are considered most salient within their operational environment.

Following the definition of the key terms, the next step in this thesis is to outline the
research strategy roadmap. To lay the foundation for the research strategy, the contents

of each chapter are subsequently presented.

1.9 Research strategy roadmap

The research strategy roadmap is designed to guide readers by providing a concise over-
view of the thesis structure, as illustrated in Figure 1-2. This roadmap has been instru-
mental in shaping the structure of the thesis to address the research question and ob-
jectives systematically. It outlines a coherent and logical progression of topics, ensuring
that each chapter builds upon the preceding one and facilitates a cumulative and in-
depth appreciation of the study's findings and their broader implications. The arrows
from the introduction and the literature review to the discussion and conclusion chapter
highlight how this chapter draws on the study's original objectives and theoretical back-

ground.

Chapter 1: Introduction

Research question:
How do factors influencing the acceptance of collaborative robots (cobots) shape sys-
tem performance in the healthcare manufacturing sector?

Chapter 2: Literature review Chapter 3: Research methodology
Overview of relevant extant literature Explanation and justification of approach

Chapter 4: Presentation of research findings
Development of conceptual framework based on collected data

Chapter 5: Discussion and conclusion

Synthesis of all chapters as well as contributions and reflections of the research

Figure 1-2: Research strategy roadmap

Building on this roadmap, the thesis is structured into five chapters; each contributes

incrementally and significantly to the overarching narrative of the study.
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Chapter 1: Introduction

Firstly, the background of the research, the research problem, and the purpose are out-
lined. Subsequently, the aim and objectives of the thesis are delineated while clarifying
its scope. The thesis's significance and its novelty are then discussed. Furthermore, the
rationale for adopting a qualitative research approach is presented alongside a critical
reflection on the researcher's positionality and its potential influence on the study. Fi-
nally, the key terms are defined, and the overarching research strategy employed to

achieve the stated aim and objectives is presented.

Chapter 2: Literature review

In this chapter, a comprehensive review of the extant literature is conducted, offering a
critical overview of the current state of knowledge about the substantive focus of the
study. This review thus provides the conceptual and theoretical foundation for the re-

search by positioning the study within the broader scholarly discourse.

Chapter 3: Research methodology

The chapter outlines the philosophical foundations underpinning the study, including its
ontological, epistemological, and axiological assumptions. The research design is then
presented, including the mode of enquiry, sampling strategy, and data collection and
analysis procedures. In addition, ethical considerations are addressed, alongside a criti-
cal reflection on the methodological strengths and limitations of the study, thereby es-

tablishing the trustworthiness of the research approach.

Chapter 4: Presentation of research findings

This chapter presents the research findings derived from the qualitative data collected.
It includes identifying and examining critical factors influencing acceptance and thus
shaping system performance when deploying collaborative robots in the healthcare
manufacturing context, using reflexive thematic analysis as the analytical approach.
Drawing on these findings, a conceptual framework is proposed to advance the under-

standing of technology acceptance in the specific context of collaborative robotics.

Chapter 5: Discussion and conclusion
The chapter synthesises the key findings of the study and situates them in relation to
existing literature, highlighting areas of convergence and divergence with prior research.

The subsequent discussion addresses the study's contribution to knowledge and busi-
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ness practice, demonstrating its theoretical and practical relevance. Finally, the thesis
concludes with personal reflections on the research process and the insights gained, fol-
lowed by a critical discussion on the study's limitations and proposing directions for fu-

ture research.
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-33-



2.1 Introduction

As indicated in the research strategy roadmap, this chapter provides a comprehensive
review of the literature on human-robot collaboration and technology acceptance, fo-
cusing on the manufacturing sector, through the critical examination of key concepts
and theories, as well as conceptual and empirical studies related to the implementation
of collaborative robots. In doing so, it underlines the significant gaps in the existing lit-

erature, thereby justifying the relevance and necessity of the present study.

The research gap addressed in the study stems from the insufficient investigation of how
factors influencing technology acceptance shape system performance in human-robot
collaboration. While existing studies often focus on isolated technical or human dimen-
sions, there remains a lack of multifaceted analyses that integrate human, robotic, or-
ganisational, and environmental factors as interdependent components influencing per-
formance outcomes (Hopko et al., 2022). Moreover, the research gap is compounded
by the scarcity of empirical research grounded in real-world industrial manufacturing

contexts involving collaborative robots.

In addition, the literature review provides a more detailed examination of the previously
identified research gap through critically analysing the selected publications. A struc-
tured literature review was carried out to achieve these objectives, reflecting the im-
portance of a trustworthy and credible knowledge base as highlighted by Tranfield,
Denyer, and Smart (2003).

2.2 Literature review process

The literature review was conducted following a structured literature review process, as
suggested by Denyer and Tranfield (2011). This approach entails a systematically pre-
planned and transparent process that involves the identification of available literature,
establishing explicit inclusion and exclusion criteria, and structuring and synthesising se-
lected studies. Its objective is to comprehensively understand what is currently known
and identify gaps in the existing body of knowledge (Denyer & Tranfield, 2011). This pro-
cess is particularly well suited to the present research, as it provides a systematic

method to assess the literature rigorously.
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In the present study, the structured literature review is organised into three phases: (1)
planning the review, (2) conducting the review, and (3) reporting the findings, as out-
lined by Tranfield et al. (2003). The following sections provide a detailed account of the
three phases, encompassing the criteria for selecting pertinent literature and the ana-

lytical procedures used to synthesise and present the results in the literature review.

2.2.1 Planning the literature review

The initial step in the planning phase of the literature review involved deriving the guid-
ing questions from the research question and the stated research objectives to direct
the current literature review. These guiding questions, which are illustrated in Table 2-
1 below, structured the current literature review and ensured that conceptual coher-

ence was maintained throughout the process.

Research question

How do factors influencing the acceptance of collaborative robots (cobots) shape system
performance in the healthcare manufacturing sector?

Literature review's guiding questions Research objectives

Which theoretical perspectives and models | To develop a conceptual framework that illus-

are relevant for studying the implementation | trates how acceptance-related factors are as-
of collaborative robots? sociated with system performance, grounded
in empirical insights and contextualised
within existing theoretical perspectives on
human-robot collaboration and technology

acceptance. (Objective 2)

What are the key components of system per- | To explore and identify the critical factors

formance when using collaborative robots in | that influence the acceptance of collabora-

manufacturing environments? tive robots (cobots) in the healthcare manu-

facturing sector. (Objective 1)

Which aspects of human perception and atti-
tude hinder or promote the utilisation of col-
laborative robots?

To derive actionable recommendations to
create conditions for favourable user re-
sponses to collaborative robots (cobots)
within the context of healthcare manufactur-
ing. (Objective 3)

Table 2-1: Overview of literature review's guiding questions

Following the formulation of the guiding questions, a scoping study of relevant scholarly

articles was conducted to identify the keyword usage in the existing literature, as Vrontis
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et al. (2022) recommended. This preliminary analysis facilitated the derivation and re-
finement of search terms tailored to the thematic focus of the literature review, as in-

formed by the guiding questions.

The identified keywords and search terms were subsequently grouped into five catego-
ries, collectively streamlining the literature search process. These categories include the
research area, the research field, the technology, the activity type, and the results. The
structure of the literature review, developed on the basis of these categories, keywords,

and search terms, is delineated in Table 2-2.

The literature review commenced with a broad scope, which was then progressively
narrowed to encompass the most pertinent extant literature, as suggested by Creswell
and Plano Clark (2018). The balance between comprehensiveness and precision was
considered when developing the search strategy, as recommended by Alderson, Green,
and Higgins (2004). This recommendation was operationalised in the present literature

review by carefully selecting and structuring search terms within each category.

Category Keywords Search terms

HRI

Human-robot interaction
Human-robot collaboration
Human-robot cooperation
Technology acceptance
Technology adoption
Technology utilization
Technology diffusion
Collaborative robot

Cobot

Human-centric robot
Cooperative robot
Production

Activity type Production Assembly

Manufacturing
Performance

Productivity

Efficiency

Effectiveness

Research area | Human-robot interaction

Research field | Technology acceptance

Technology Collaborative robot

Result Performance

Table 2-2: Search terms

The search terms are defined as direct synonyms of the keyword within the given cate-
gory, morphological variants, or semantically related terms capturing similar conceptual

meanings. Such a strategy is particularly salient in interdisciplinary research areas where
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standardised terminology is lacking (Grames, Stillman, Tingley, & Elphick, 2019). A rela-
tively new and rapidly evolving interdisciplinary research area, such as human-robot in-
teraction focusing on collaborative robots, exemplifies such a situation (Gualtieri et al.,
2024). By accounting for terminological diversity, this search strategy enhanced the
comprehensiveness of the literature review while simultaneously improving precision

through the use of contextually relevant queries.

The initial category delineates the research area, encompassing human-robot interac-
tion as a broad concept. This category is comprehensive in scope, encompassing a wide
spectrum of human-robot interactions, including both cooperative and collaborative dy-
namics. It is acknowledged that these interaction settings are deemed most relevant in
the context of interaction between humans and collaborative robots where they share
a workspace (Heo, Putri, Kim, Kwon, & Kim, 2024). The second category is the research
field, which resides at a more specific level within the broader research area. The re-
search field focuses on technology acceptance, thereby narrowing the scope of inquiry
to studies that investigate cognitive, behavioural, and organisational responses to ac-
cepting technological innovations. In the context of the implementation of collaborative
robots, the terms technology adoption and diffusion are found to be relevant, as they
offer frameworks for understanding how individuals and organisations perceive, adopt,

and utilise novel technologies within the existing workflows.

The third category focuses on the technology under investigation, namely collaborative
robots. The fourth category pertains to the activity type, further refining the literature
to studies within production, assembly, and manufacturing environments. Finally, the
results category concentrates on the outcomes associated with integrating collaborative
robots into work systems. By structuring the literature review through these hierarchical
categories, the research is systematically guided toward addressing the research ques-

tions.

The five categories were combined during the structured search using the Boolean op-
erator "AND" to ensure that retrieved publications covered all distinctive dimensions of
the research scope. Within each category, synonymous or related search terms were
combined using the Boolean operator "OR" to capture relevant literature comprehen-
sively. The search string was thus configured as follows: (("human-robot interaction" OR

"HRI" OR "human-robot collaboration" OR "human-robot cooperation") AND ("technol-
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ogy acceptance" OR "technology adoption" OR "technology utilization" OR "technology
diffusion") AND ("collaborative robots" OR "cobot" OR "human-centric robots" OR "co-
operative robots") AND ("production” OR "assembly" OR "manufacturing") AND
("productivity" OR "efficiency" OR "effectiveness" OR "performance")). Combining sev-
eral alternative keywords with Boolean operators aligns with the best practices recom-
mended by Vrontis et al. (2022). Moreover, following the guidance of Andresen and
Bergdolt (2017), no temporal restrictions were imposed on the search to ensure a lon-
gitudinal understanding of the scholarly discourse on implementing collaborative robots

in industrial settings.

Moreover, using Boolean logic further facilitates flexibility in capturing a diverse range
of terminologies and concepts within each category, thereby mitigating the risk of omit-
ting key studies due to inconsistent terminology. The following figure illustrates the
structured search strategy, with the blue outline delineating the subset of the literature

identified as relevant based on the applied inclusion criteria and Boolean logic.

Research area

Relevant literature

Figure 2-1: Identified relevant literature

The structured search strategy ensures the identification of relevant literature that com-
prehensively addresses the subject area. However, it is important to acknowledge the
potential limitations associated with this process. According to Tranfield et al. (2003),
these limitations can be attributed primarily to the fact that the review process is mainly
informed by the judgments of an individual researcher rather than by a panel of experts
in the field of human-robot collaboration and technology acceptance. To enhance meth-
odological robustness, suggestions from supervisors and peers were taken into account

during the planning phase. This provided critical external perspectives, helped to iden-
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tify potential blind spots and contributed to reducing selection bias, thereby strength-

ening the thoroughness of the review process.

2.2.2 Conducting the literature review

The next phase of the structured literature review, the conducting phase, commences
with selecting relevant academic databases (Piccarozzi, Aquilani, & Gatti, 2018). This
step is of critical importance as the selection of databases directly influences the breadth
and depth of the literature available for review. Following the selection of databases,
the subsequent step involved the systematic selection of relevant publications. Prede-
fined inclusion and exclusion criteria ensured alignment with the research question and
objectives (Piccarozzi et al., 2018). The selection criteria were guided by scholarly quality
and topical relevance, emphasising studies that substantively contribute to the dis-
course on human-robot collaboration and technology acceptance. After selecting rele-
vant publications, a comprehensive analysis was undertaken, extracting and synthesis-
ing key findings, as proposed by Tranfield et al. (2003). These synthesised insights were
organised and presented in the literature review. The sequence of steps outlined in the
conducting phase adheres to the structured methodology proposed by Piccarozzi et al.

(2018), as shown in Figure 2-2.

Selection process

Database |:>

15t Step:

Search terms

2" Step:
Quality check

31 Step:
Abstract
review

Google Scholar
Web of Science
Scopus

Selected
pupl.

Analysis process

Literature
review

General
characteristics

Substantive
characteristics

Methodological
characteristics

report

Figure 2-2: Conducting phase: Process steps of structured literature review (Source: Pic-
carozzi et al., 2018, p. 3)

Each stage is delineated below to facilitate a comprehensive understanding of the liter-
ature review process, commencing with the selection of databases. The current litera-
ture review draws upon multiple sources, including one academic search engine and two

multidisciplinary bibliographic databases: Google Scholar, Web of Science, and Scopus.
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Google Scholar was selected as it is the most thorough repository of academic data,
providing broad coverage across disciplines and publication types, as emphasised by
Gusenbauer (2019). Furthermore, Web of Science and Scopus were utilised to enhance
the quality and breadth of the literature review. Both databases are recognised for their
extensive indexing of peer-reviewed journals. Further, they are classified by Gusenbauer
(2019) as among the largest and most comprehensive bibliographic data sources availa-

ble for academic research.

After identifying the relevant databases, the process of selecting publications for the
literature review was initiated. The initial step in this process involved formulating and
refining keywords and search terms. The present literature review employed keywords
such as "human-robot interaction", "technology acceptance", "collaborative robot",
"production”, and "performance", along with their corresponding synonyms, as previ-
ously defined during the planning phase and illustrated in Table 2-2. The search was
conducted across all selected databases and was finalised on January 2, 2025, marking
the date of the most recent update. The outcomes of the search process, including the

number of publications retrieved from each database, are summarised in Table 2-3.

Google Scobus Web of Total
Scholar . Science
st .
1% Step: Search terms 890 226 8 1,124

based on Table 2-2

Table 2-3: 1% Step literature review—search terms

The results obtained from the initial step, as shown in Table 2-3, were subsequently re-
fined through a quality assessment of the pre-selected publications. This step aimed to
ensure the inclusion of only high-quality, peer-reviewed literature by excluding all non-
peer-reviewed publications. Following the recommendations of Piccarozzi et al. (2018),
the selection process excludes monographs, editorial notes, books, and conference pro-
ceedings, as these may lack the methodological rigour typically required in scholarly re-
search. The Scopus and Web of Science databases facilitated this filtering process by
allowing the application of the filter option "document type" criteria to isolate articles
and reviews. In the case of Google Scholar, which lacks equivalent filtering capabilities,
the metadata of selected publications was manually reviewed and filtered based on

source and publisher credibility to ensure alighment with expected academic standards.
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The selection process was further refined by restricting the scope of publications to
those written in English. Subsequently, duplicate records in multiple data sources were
identified and excluded. The table below illustrates the final number of unique publica-
tions retained after eliminating duplicates. Furthermore, for transparency, the total

number of publications retrieved before deduplication is also given in parentheses.

Google Web of
Scholar S Science VELE]

2" Step: Quality check 417 56 (167) 1(7) 474 (591)

Table 2-4: 2™ Step literature review—quality check

The last step in the selection process involved a detailed screening of abstracts. All 474
previously selected publications were assessed based on the content of their abstracts
to determine their substantive relevance to the research topic. Only those publications
that explicitly aligned with the research objectives and addressed the core questions

guiding this literature review were retained for further analysis.

Consequently, publications that did not meet these criteria were excluded, particularly
those focused on domains outside the manufacturing sector, such as travel and tourism,
retail, agriculture, clinical settings, and construction. Moreover, the scope of the review
was exclusively limited to studies on physical collaborative robots, thereby excluding
research related to digital assistants or purely virtual agents. The number of publications

remaining after this screening process is presented in Table 2-5.

Google Scholar Scopus W.eb of Total
Science

3" Step: Abstract review 57 6 0 63

Table 2-5: 3™ Step literature review—abstract review

A summary of the publication selection process, encompassing the three steps de-
scribed above, is depicted in Figure 2-3. For instance, the figures presented herein high-
light the number of publications initially identified, the number of publications excluded
based on the predefined inclusion and exclusion criteria, and the final number of publi-
cations retained for in-depth analysis following the abstract review. This visual depiction
facilitates comprehension of the adopted structured approach and underscores the rig-

our applied at each process step.
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1st Step:
Search Terms

2nd Step:
Quality Check

3rd Step:
Abstract Review

Search terms:
Based on Table 2-2

Keywords
Human-robot interaction
Technology acceptance
Collaborative robot

Requirements:

Peer-reviewed journal
English publication

Requirement:

Abstract with substantive
relevance to the research
question

(duplicate publications

Production were excluded)

Performance

(plus, listed synonyms)

Total results of publications (data source: Google Scholar, Web of Science, Scopus)

\ 1,124 \ \ 474 (591) \ \ 63 \

Figure 2-3: Literature review process at a glance

2.2.3 Reporting the literature review

The 63 publications selected for inclusion in the literature review are listed in Appendix
A.1. These publications thus establish the literature-based foundation for the reporting
phase of the structured literature review. Following the framework proposed by Picca-

rozzi et al. (2018), each publication was systematically analysed.

The characteristics of the selected publications were subsequently consolidated into a
structured knowledge base designed to provide a holistic overview of the research land-
scape related to the topic under investigation. This knowledge base captures a range of
essential bibliographic and methodological attributes for each publication, including (1)
author(s), (2) title of the paper, (3) source and document type, (4) year of publication,
(5) research type, (6) research design, and (7) research methodology. Further, it includes
key findings from each publication and directions for future research, thereby enhancing
its utility for both synthesis and gap analysis. The overarching objective of this step was
to consolidate these characteristics into a cohesive analytical framework, enabling a de-
tailed, structured, and critically informed perspective on the current state of the schol-

arly discourse.
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2.3 Literature review report

The literature review report is grounded in the previously developed knowledge base
and is structured in alignment with the analytical framework outlined in Figure 2-2. Fol-
lowing the guidelines given by Piccarozzi et al. (2018), the review is organised into three
distinct sections: (1) general, (2) methodological, and (3) substantive characteristics. The

content and focus of each section are detailed in the following parts.

The general characteristics of the literature review include the scope of the research
area and the temporal distribution of the selected publications, offering insight into the
evolution and breadth of scholarly interest over time. The methodological characteris-
tics of the literature review encompass the research designs, approaches, and methods
employed across the reviewed studies, thereby facilitating an assessment of the meth-
odological rigour and diversity within the field. The substantive characteristics of the
literature review include key themes, theoretical insights, and empirical findings identi-

fied in the literature and proposed directions for future research.

This structured approach facilitates a coherent and systematic exploration of the com-
plex and multidimensional landscape of human-robot collaboration, particularly tailored
to the needs of the study. The detailed examination that follows provides a transparent
and methodologically rigorous foundation for drawing informed conclusions for the pre-

sent study.

2.3.1 General characteristics

In the first step, the temporal distribution of the selected publications was analysed and
presented in Figure 2-4. The analysis highlighted a pronounced trend: a substantial in-
crease in publications in recent years, particularly from 2022 onwards. This upward tra-
jectory is evident not only in the aggregated total of selected publications but also across
the different stages of the conducting phase of the structured review process, which are
outlined in Figure 2-2. The consistent year-over-year growth in the number of publica-
tions identified as meeting the selection criteria in the initial and secondary stages of
the selection process reflects a mounting scholarly interest and accelerated develop-
ment within the research area. However, this year-over-year increase in the number of

publications is not uniformly reflected in the final set of publications, as depicted in the
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following figure. This discrepancy may be ascribed to the distinct research focus of the
thesis and the application of strict quality and relevance criteria, which may have led to

the exclusion of several more recent studies that did not meet the predefined thresh-

olds.
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Figure 2-4: Temporal distribution of the selected publications

The observed trend of the growing number of publications is of crucial significance for
several reasons. First and foremost, this growth reflects the broadening of the research
scope and emphasises the increasing importance of this research domain. This assertion
is supported by Rahman, Khatun, Jahan, Devnath, and Bhuiyan (2024), who posit that
collaborative robots' rapid development and refinement led to a growing interest in
their application across various sectors. The enhanced capabilities, improved safety fea-
tures, and greater affordability of these collaborative robots have rendered them in-
creasingly accessible and particularly relevant for a broader range of industries, leading
to increased scholarly engagement in this field (Karuppiah, Sankaranarayanan, Ali, &
Bhalaji, 2023). Furthermore, the accelerated adoption of collaborative robots in produc-
tion, assembly, and manufacturing environments has generated substantial empirical
data, facilitating more sophisticated and context-specific analyses (Javaid et al., 2021;
Picco et al., 2024). As the body of research has expanded, it has deepened theoretical
understanding and opened new avenues for exploration, enabling scholars to investi-

gate novel applications within the evolving field of human-robot collaboration.
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Secondly, recent years have witnessed a notable increase in research focusing specifi-
cally on technology acceptance in the context of collaborative robots. This emerging
field of enquiry involves the examination of how individuals perceive, accept, and adopt
collaborative robotic technologies in their workplace, often employing established the-
oretical frameworks such as the Technology Acceptance Model (TAM), Unified Theory
of Acceptance and Use of Technology (UTAUT), and related models (Apraiz, Mulet Al-
berola, Lasa, Mazmela, & Nguyen, 2023; Sinha, Singh, Gupta, & Singh, 2020). The mount-
ing body of research in this field indicates an increasing awareness of the human factors
influencing the acceptance of collaborative robots. This trend is evidenced by studies
such as those conducted by Muller, Subrin, Joncheray, Billon, and Garnier (2022) and
Hopko et al. (2022). These scholars focused on variables such as trust, usability, work-
load, and stress, examining their impact on the acceptance of collaborative robots and,
in turn, how this acceptance influences human operator performance (Di Pasquale et
al., 2023). This increased scholarly attention to technology acceptance research is es-
sential to ensure that collaborative robots are technologically effective and socially ac-
ceptable to end users, in terms of their ability to interact meaningfully with employees

in the workplace.

Furthermore, the recent surge in publications suggests that collaborative robots are
gaining significant momentum, attracting growing interest from scholars and practition-
ers alike (Du Plooy et al., 2024). This heightened interest is likely driven by rapid techno-
logical advances, the increasing integration of collaborative robots across various sec-
tors, and the increasing importance of understanding the dynamics of human-robot in-
teraction. Consequently, research in this domain equips practitioners with the
knowledge and tools to effectively implement and leverage collaborative robots in their
operational settings (Baumgartner, Kopp, & Kinkel, 2022; Charalambous et al., 2015).
This development underscores the practical relevance of the research domain, ensuring
that organisations in the manufacturing sector can achieve competitiveness by enhanc-
ing operational efficiency, worker safety, and technological advancement within an in-

creasingly automated and dynamic landscape.

Overall, understanding the temporal pattern of publications offers valuable insights into
the evolution and current state of the research domain. Following this temporal analysis,

the subsequent step was ensuring the quality and credibility of the selected sources.
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The selected journals were subjected to a quality check to assess the academic standard
based on the Chartered Association of Business Schools' Academic Journal Guide (AJG)
ranking from October 2024, which was delineated by Harzing (2024). The AJG provides
a tiered ranking system to classify journal quality: 4* - world elite journals, 4 - top
journals, 3 - highly regarded journals, 2 - well-regarded journals, and 1 - recognised
journals (Harzing, 2024). The distribution of selected publications across these quality

categories is illustrated in Figure 2-5.

Of the publications selected for review, 25% (16 publications) were published in journals
ranked in the AJG, while the remaining 75% (47 publications) appeared in journals not
included in the AJG. The AJG-ranked journals primarily span the disciplines of
operational research, management science, production and operations management,
organisational behaviour, human resource management and industrial relations,
reflecting the broad thematic scope of collaborative robotics research. However, it
should be noted that the remaining unranked journals, though they have not received a
rating from the AJG, were still subjected to a peer-review process and fulfilled the

methodological and quality standards established for inclusion in the literature review.
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Figure 2-5: Distribution of the selected publications by journal quality rating (AJG)

The distribution of the journal quality rating carries several vital implications for
interpreting this literature review. It is important to note that publications from lower-
ranked or unranked journals may not necessarily possess the same academic rigour and

methodological robustness as those from higher-ranked journals (Jiang, Zhou, & Zhou,
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2024). Therefore, these quality differences should be interpreted cautiously. A lower or
absent AJG ranking does not inherently indicate a lack of scholarly merit. Instead, it may
reflect differences in disciplinary focus, journal scope, or geographical reach. Moreover,
Leichtmann, Nitsch, and Mara (2022) describe the research domain as interdiscipli-
nary—which thus includes fields such as robotics, engineering, organisational behav-
iour, sociology, and psychology. As a result, many relevant publications appear in jour-

nals outside the core business and management disciplines covered by the AJG.

To provide a more extensive assessment of journal quality across disciplinary
boundaries, the Scimago Journal Rank (SJR) is utilised as an additional metric. The SJR is
particularly well-suited for interdisciplinary research areas such as collaborative robots,
as it encompasses journals from a wide array of academic fields, including engineering,
computer science, and the social sciences (Aguilar-Veldzquez, Herrera, Boyer, & Ramos-
Fernandez, 2023). The SIR is a metric used to evaluate the relative standing of academic
journals within their respective disciplines, with the ranking being determined based on
quartiles (Newell, 2023). Accordingly, Quartile 1 (Q1) represents the top 25% of journals
in a given field, Quartile 2 (Q2) corresponds to journals ranked between the top 25% and
50%, Quartile 3 (Q3) encompasses journals in the 50% to 75% range. Quartile 4 (Q4)
includes the bottom 25% of journals within a specific discipline. The distribution of the

selected publications across these SIR quartiles is illustrated in Figure 2-6.
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Figure 2-6: Distribution of the selected publications by journal quality rating (SJR)
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The distribution of the selected publications, as presented in Figure 2-6 and classified
according to the SIR, reveals that 95% of the journals are positioned within the top two
quartiles (Q1 and Q2) of their respective discipline. This finding serves as a strong
indicator of the overall quality and academic standing of the publications included in the
literature review. To ensure transparency and facilitate further assessment, the relevant
journals are listed in Appendix A.2, which provides a detailed overview of each journal's
SIR classification, the corresponding disciplinary category, and, where applicable, the

journal's AJG ranking.

Building on the analysis of the general characteristics of the selected publications, it is
essential to investigate their methodological characteristics to generate a deeper
understanding of the research designs, approaches, and methodologies employed in

current human-robot collaboration research.

2.3.2 Methodological characteristics

As posited by Piccarozzi et al. (2018), a key methodological characteristic of publications
pertains to the nature of the research contribution, which may be broadly categorised
as either conceptual or empirical. Conceptual contributions involve the development of
new theories, frameworks, or concepts that engender an enhanced comprehension
within a specific domain (Piccarozzi et al., 2018). These contributions are inherently
theoretical and aim to offer novel interpretations or reconceptualisations of existing
phenomena, problems, or relationships. A vital subset of conceptual contributions
includes literature reviews, synthesising existing knowledge, identifying gaps, and
suggesting new perspectives or theoretical developments. In contrast, empirical
contributions are grounded in systematic data collection and analysis, providing factual
information regarding how a particular phenomenon occurs or behaves in practice

(Helfat, 2007).

The 63 selected publications can be categorised into these two primary research contri-
butions: conceptual and empirical. Of these, 25% (16 publications) are classified as con-
ceptual contributions, while the remaining 75% (47 publications) represent empirical
studies. This distribution is visually presented in Figure 2-7. The predominance of empir-
ical research within the human-robot collaboration research domain, particularly about

technology acceptance in manufacturing contexts, reflects the field's emphasis on gen-
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erating practical insights. Nevertheless, recent years have witnessed a noticeable in-
crease in conceptual publications, suggesting a growing focus on theoretical advance-

ment.

A more detailed examination of the conceptual contributions shows that their research
designs are primarily based on literature review methodologies. Of the 16 conceptual
contributions, six publications (38%) contain literature reviews with the development of
conceptual frameworks or models, either by constructing novel theoretical structures
or by extending existing theories. Conversely, the remaining 10 publications (62%)
comprise pure literature reviews, systematically synthesising prior research and

formulating conclusions grounded in existing knowledge.
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Figure 2-7: Temporal distribution of the selected publications by research types

The 47 empirical contributions were further characterised based on the research design
employed. The majority of publications employed a quantitative approach (31
publications, 66%), while a smaller portion of publications adopted either a qualitative
approach (7 publications, 15%) or a mixed-method approach (9 publications, 19%). A
closer analysis of the quantitative studies reveals that most utilised survey-based
methodologies, often supplemented with experimental designs to test hypotheses and
gather data. By contrast, the qualitative studies primarily employed interviews,
observations, and other interpretive techniques to explore complex, context-dependent
phenomena. The studies adopting a mixed-methods design combined both quantitative

and qualitative methods to enhance the breadth and depth of the analysis.
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A thorough analysis of the methodological characteristics of the selected publications
yields several key insights. Primarily, the predominance of empirical contributions
signifies a pronounced emphasis on data-driven inquiry within the domain of human-
robot collaboration. Moreover, methodological diversity observed across the reviewed
studies underscores the multifaceted nature of the field, emphasising the pivotal role of

both quantitative and qualitative insights in fostering a comprehensive understanding.

Nevertheless, a closer examination of the quantitative and mixed-method studies
demonstrates a pronounced emphasis on laboratory-based research designs, wherein
collaborative robots are examined within controlled and simulated environments.
Concurrently, the rise in conceptual studies, including systematic literature reviews and
the development or extension of theoretical frameworks, strengthens the theoretical
foundation of the field. However, it is important to note that the selected conceptual
contributions do not rely on primary data. Instead, they draw upon and synthesise
existing literature to advance theoretical understanding and provide valuable insights
that can inform the design, execution, and interpretation of future empirical

investigations (Corley & Gioia, 2011).

After examining the methodological characteristics of the selected publications, the
focus now shifts to an analysis of their substantive characteristics. Thus, the next phase
of the analysis examines key themes, theories, concepts, and practical implications that
emerge from literature on human-robot collaboration, mainly focusing on technology

acceptance in manufacturing contexts.

2.3.3 Substantive characteristics

Finally, the substantive characteristics of the selected publications are examined to
illustrate the extant literature in relation to the questions guiding the literature review,
as outlined in Table 2-1. However, before addressing these questions, it is necessary to
provide an overview of the different forms of human-robot interaction and the
appearance of the collaborative robot. Since these topics have been frequently
discussed in the reviewed publications, it is critical to contextualise subsequent discus-

sions in manufacturing settings.
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Different types of human-robot interactions

Recent research in the field of human-robot interaction has differentiated various clas-
sifications of interaction modalities between humans and collaborative robots. Notable
contributions to this area include studies by Heo et al. (2024), Dornelles et al. (2023),
Liu, Caldwell, Rittenbruch, Mige, Burden, and Guertler (2024), and Lu et al. (2022).
These classifications are grounded in several factors pertinent to the workplace config-
uration, such as workflow, workspace, proximity awareness, counterpart awareness,
and interaction mode, particularly concerning the physical presence of the human op-
erator and the collaborative robot (Liu, Caldwell, Rittenbruch, Miige, Burden, & Guer-

tler, 2024; Montini et al., 2024).

Despite the absence of a universally accepted definition for the classifications of human-
robot interactions, three aspects have been identified as significant. These aspects in-
clude (1) the workspace configuration shared between the human and collaborative ro-
bots, (2) the sharing of tasks between them, and (3) the sharing of a workpiece during
the execution of tasks (McGirr et al., 2022). This classification is critical to accurately
ascertain the nature of the interaction between a human and a collaborative robot,
given that deployment of collaborative robots does not inherently imply a collaborative

work setting.

Dornelles et al. (2023) posit that one of the most frequently cited and applied interaction
classifications in the field of collaborative robotics is the model proposed by Bauer,
Bender, Braun, Rally, and Scholtz (2016). This classification is based on the three aspects
of particular significance in defining human-robot collaboration: the sharing of work-
space, tasks, and workpieces (Bauer et al., 2016). The following figure presents this clas-
sification system of Bauer et al. (2016), comprising four segments: (1) coexistence, (2)

synchronisation, (3) cooperation, and (4) collaboration.

As illustrated in Figure 2-8, the coexistence segment is characterised by the complete
absence of shared elements between the human operator and the collaborative robot;
neither the workspace, the tasks, nor the workpiece are shared. Similarly, in the syn-
chronisation segment, the workspace is not shared simultaneously, as the human and
the collaborative robot operate in a temporally coordinated and thus spatially separated
manner. This is because the human operator and the collaborative robot focus on dif-

ferent tasks. In contrast, the cooperation and collaboration segments are marked by
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simultaneous workspace sharing. Within the cooperation segment, the human and the
collaborative robot perform their tasks in the same physical environment, but do not
work on the same workpiece. Finally, in the collaboration segment, the highest degree
of integration is observed, wherein the human operator and the collaborative robot
share the workspace and collaborate on tasks, including workpiece sharing, thus achiev-

ing a fully integrated human-robot interaction.

PRREE

Coexistence Synchronisation Cooperation Collaboration

No / Low degree of interaction High degree of interaction
Figure 2-8: The level of interaction between humans and collaborative robots (Source:
Bauer et al., 2016, p. 9)

As outlined by Liu, Caldwell, Rittenbruch, Miige, Burden, and Guertler (2024), the clas-
sification schema of human-robot interaction that focuses on collaborative robots ex-
plicitly excludes fully automated robots that operate at maximum speed and are typi-
cally confined within safety cages. These traditional robots, emblematic of the third in-
dustrial revolution, enhanced manufacturing precision and productivity (Heo et al.,
2024). Conversely, collaborative robots are more closely aligned with the principles of
the fourth industrial revolution and, in some contexts, even the emerging fifth industrial
revolution, depending on their application and degree of human-centric integration.
These robots are designed to work safely and flexibly in close proximity to human oper-
ators without physical barriers, thereby supporting more dynamic and adaptable man-

ufacturing environments (Lu et al., 2022).

Appearance of collaborative robots
In addition to classifying human-robot interaction, several publications have focused on
the type and form of collaborative robots, with particular attention to the degree of

anthropomorphism in their appearance (Liao et al., 2023; Liu, Zou, & Greene, 2024;
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Sinha et al., 2020). Anthropomorphism can be defined as the tendency to ascribe hu-
man-like characteristics, including motivations, intentions, and emotions, to the behav-
iour of non-human agents such as collaborative robots (Epley, Waytz, & Cacioppo,

2007).

The degree of anthropomorphism in collaborative robots, reflected in both their appear-
ance and movements, may not only shape the immediate human-robot interaction but
can also have far-reaching implications for how these technologies are perceived, ac-
cepted, and integrated within organisational settings. Thus, the design and functional
capabilities of these robots have the potential to influence the nature and quality of
human-robot interaction (Liu, Zou, & Greene, 2024). Within the manufacturing environ-
ment of organisations, two distinct forms of collaborative robots are predominantly ob-
served: single-arm and dual-arm robots (Liu, Zou, & Greene, 2024). Single-arm robots
are designed to execute specific, repetitive tasks precisely, while dual-arm robots can
perform more complex operations that demand coordination between two arms. For
single-arm robots, anthropomorphism arises primarily through their movements, as
their appearance remains relatively simple. In contrast, dual-arm robots, with their two
arms and more complex motion patterns, can more strongly evoke human-like associa-

tions.

The results concerning the impact of anthropomorphic attributes on human operator
acceptance or behaviour intention remain equivocal. Several studies indicate that such
effects are present (Liao et al., 2023; Sinha et al., 2020), while others do not support this
claim (Liu, Zou, & Greene, 2024). This divergence in findings indicates that anthropo-
morphism's impact may be context-dependent, influenced by a combination of robot-
specific characteristics and external contextual factors. The contextual factors may in-

clude the nature of the task, cultural influences, and individual work preferences.

Building on the foundational understanding of human-robot interaction classifications
and the role of anthropomorphism, it is crucial to explore theoretical perspectives that
relate to technology acceptance and adoption in the context of collaborative robots. The
following subsection of this literature review is guided by the question: Which theoreti-
cal perspectives and models are relevant for studying the implementation of collabora-

tive robots?
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2.3.3.1 Theories and frameworks

Although a wide range of typologies and conceptual frameworks exist for analysing
changes at the intersection of people, processes, and technology (Sovacool & Hess,
2017), the following subsections are concerned solely with those deemed most central
based on the literature review. The majority of theories and models identified in the
selected papers can be categorised into two main groups: individual-level technology
acceptance frameworks and organisational-level adoption frameworks. The former fo-
cuses on individual users' perceptions, attitudes, and behavioural intentions in relation
to their interaction with new technologies (Ajzen, 1991; Davis, 1989; Venkatesh & Bala,
2008; Venkatesh & Davis, 2000; Venkatesh, Morris, Davis, & Davis, 2003). These models
seek to explain how and why individuals decide to accept or reject a particular technol-
ogy. Conversely, the latter group focuses on the broader organisational context and the
factors that influence the adoption of new technologies at the organisational level (Rog-
ers, 2003; Tornatzky, Fleischer, & Chakrabarti, 1990). These models consider the tech-
nological, organisational, and environmental factors that collectively impact the deci-

sion-making process of implementing technological innovations within an organisation.

Individual-level technology acceptance frameworks

In a substantial proportion of the selected publications (exceeding 50%), frameworks
relating to individual-level technology acceptance were either referenced or explicitly
applied. Among these, the most frequently cited models include the Technology Ac-
ceptance Model (TAM), the Unified Theory of Acceptance and Use of Technology
(UTAUT), and the Theory of Planned Behaviour (TPB).

The TAM, developed by Davis (1989), posits that perceived ease of use and perceived
usefulness are the primary determinants of an individual's intention to accept and use a
given technology. This model has been extensively validated and applied across various
technological contexts to understand the factors influencing user acceptance of partic-
ular technologies (Leesakul, Oostveen, Eimontaite, Wilson, & Hyde, 2022). Its applicabil-
ity is also evident in the domain of collaborative robotics, where a substantial number
of the selected studies either reference TAM or explicitly use it as the theoretical foun-
dation for examining individual-level technology acceptance. Notable examples include

the studies by Pluchino et al. (2023) and Rossato et al. (2021), which utilise TAM to in-

54



vestigate user perceptions and acceptance of collaborative robots in manufacturing en-

vironments.

Since the initial development of the TAM, several extensions have been proposed to
enhance its explanatory power by incorporating additional contextual and cognitive fac-
tors. These extensions are referenced in several publications included in the literature
review. Two prominent extensions are TAM2 and TAM3. TAM2, introduced by Ven-
katesh and Davis (2000), represents an extension of the original TAM by integrating so-
cial influence processes, conceptualised as the impact of perceived expectations and as-
sessments from individuals or groups within a given setting. It incorporates the moder-
ating variables of experience and voluntariness, as well as subjective norms, image, and
cognitive instrumental processes, including job relevance, output quality, and result de-
monstrability (Venkatesh & Davis, 2000). These additional factors provide a more com-
prehensive understanding of the determinants of technology acceptance and usage at
the individual level. Building on TAM2, TAM3 was introduced by Venkatesh and Bala
(2008) to further refine the model by incorporating determinants related to both indi-

vidual differences and system characteristics (Venkatesh & Bala, 2008).

Another widely cited theory in the selected publications is the UTAUT. This theory is a
comprehensive model developed to explain a user's behavioural intention to use a par-
ticular technology and the subsequent usage behaviour. UTAUT comprises performance
expectancy, effort expectancy, facilitating conditions, and social influence, which de-
scribes the perceived expectations of others regarding technology use (Venkatesh et al.,
2003). The model synthesises core elements from eight previous models of technology
acceptance, thereby offering a unified theoretical perspective. It includes the TAM and
its subsequent extensions (TAM2, TAM3), the Theory of Reasoned Action (TRA), the Mo-
tivational Model (MM), the Theory of Planned Behaviour (TPB), the Combined Technol-
ogy Acceptance Model and Theory of Planned Behaviour (C-TAM-TPB), the Model of PC
Utilisation (MPCU), the Diffusion of Innovation Theory (DOI), and the Social Cognitive
Theory (SCT) (Venkatesh et al., 2003). Due to its robust explanatory power and empirical
validity, UTAUT has been widely adopted across various domains, including studies on
human-robot collaboration. For instance, recent empirical investigations by Jacob et al.
(2023) and Picco et al. (2024) have applied the UTAUT framework to examine the deter-

minants of user acceptance of collaborative robots in industrial settings.
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Furthermore, the TPB, developed by Ajzen (1991) as an extension of the TRA, is refer-
enced in several selected publications. The TPB has been employed across various con-
texts, including studies on human-robot collaboration (Sinha et al., 2020). As a general
behavioural framework, the TPB focuses on the psychological and social determinants
of individual behaviour. In TPB, social refers to the role of subjective norms, meaning
the perceived expectations and pressures from others regarding a specific behaviour
(Ajzen, 1991). Specifically, the model incorporates three core constructs: attitude to-
ward the behaviour, subjective norms, and perceived behavioural control (Ajzen, 1991).
This theoretical distinction is particularly noteworthy when comparing the TPB to tech-

nology-specific models, such as TAM and UTAUT.

The following table presents a synthesis of the most frequently referenced theories con-
cerning technology acceptance at the individual level, drawn from the selected publica-
tions. Table 2-6 categorises each theory by its core constructs and moderating variables,
facilitating a rigorous comparison of their configurations. The highlighted (blue) cells il-
lustrate the specific factors within each model. This overview aims to clarify the concep-
tual distinctions and overlaps among the various theoretical frameworks applied in the

published literature on human-robot collaboration.

Factors | TAM | TAM2 | UTAUT | TPB
Main factors

Perceived usefulness / performance expectancy
Perceived ease of use /effort expectancy
Attitude toward the behaviour *
Behaviour intention

Usage behaviour

Subjective norms / social influences
Image

Job relevance

Output quality

Result demonstrability

Facilitating conditions / perceived control
Moderating variables

Experience

Voluntariness

Age

Gender

*Attitude: is influenced by factors such as perceived usefulness and perceived ease of use or
performance expectancy and effort expectancy
Table 2-6: Comparison of TAM, TAM2, UTAUT and TPB (Sources: Ajzen, 1991, p. 182;
Venkatesh et al., 2003, p. 447; Venkatesh & Davis, 2000, p. 188)
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Despite the extensive utilisation of the aforementioned theoretical frameworks, it is im-
perative to acknowledge the critical stance of scholars who question the adequacy of
these models within the domain of collaborative robotics. For instance, Liao, Lin, Chen,
and Pei (2024) argue that conventional individual-level technology acceptance models
such as the TAM and UTAUT are insufficient for capturing the complexities of human-
robot collaboration. The classical individual-level acceptance frameworks were initially
developed in information systems research (Omol & Ondiek, 2021; Picarra & Giger,
2018), thus overly emphasising cognitive determinants of acceptance while neglecting
the social and emotional aspects that emerge in human-robot interaction (Liao et al.,
2023). This limitation is of particular importance, given that collaborative robots are in-
creasingly conceptualised not merely as utilitarian tools but as social agents that engage

in teamwork and influence human behaviour like coworkers (You & Robert, 2017).

In summary, previous research has predominantly concentrated on the individual-level
models of technology acceptance, as Liu and Cao (2022) stated. However, beyond this
individual-centric perspective, several selected publications also referenced theoretical
frameworks that apply to the organisational level, addressing broader systemic, struc-

tural, and contextual factors that influence technology adoption.

Organisational-level technology adoption frameworks

While the significance of individual-level factors in technology acceptance research has
long been recognised, the organisational level is equally critical in understanding the
broader dynamics of technology adoption (Liu & Cao, 2022). However, within the se-
lected publications, only two primarily emphasise organisational-level analysis: Simdes,
Soares, and Barros (2020) and Liu and Cao (2022). These studies employ two well-estab-
lished theoretical frameworks, the Diffusion of Innovations (DOI) and the Technology-
Organisation-Environment (TOE) framework, to investigate the determinants influenc-

ing the adoption of collaborative robots at the organisational level.

The DOI theory was initially proposed by Rogers in 1962 and later refined in subsequent
editions (Rogers, 2003). He defined innovation as an idea, practice, or object regarded
as being new to an individual or a group of people (Rogers, 2003). By proposing the DOI
theory, he provides a theoretical framework for understanding how innovations spread

over time within a social system, which comprises interconnected individuals or groups
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who influence each other's adoption decisions (Rogers, 2003). Aligning with Rogers
(2003), Simodes et al. (2020) noted that collaborative robots can also be considered an
innovation, particularly within industrial and organisational settings. The DOI theory
seeks to explain the mechanisms by which innovations are diffused through social sys-
tems and the rate at which this diffusion occurs. It highlights five core attributes of in-
novations that influence their diffusion: relative advantage, compatibility, complexity,
trialability, and observability (Rogers, 2003). In the context of collaborative robots, Liu
and Cao (2022) identify several specific technological characteristics, such as safety,
cost-effectiveness, and ease of use, that align with these attributes and significantly af-

fect adoption decisions.

The TOE framework, proposed by DePietro, Wiarda, and Fleischer (1990), offers a com-
prehensive lens through which the adoption of technological innovations within organ-
isations can be analysed. This framework identifies three broad contextual dimensions
that influence adoption decisions: the technological, organisational, and environmental
contexts (DePietro et al., 1990). In the technological context, factors related to the tech-
nology itself—particularly its availability and characteristics—are considered (DePietro
et al., 1990). In this regard, the specific technology-related variables of Rogers' DOI the-
ory, such as relative advantage, complexity, and compatibility, can be viewed as detailed
constructs that operationalise the broader technological dimensions of the TOE frame-
work (Liu & Cao, 2022). The organisational context encompasses internal characteristics
of the organisation, such as size, managerial structure, communication processes, avail-
able resources, and organisational culture, all of which affect readiness and capacity for
innovation adoption (DePietro et al., 1990). Finally, the environmental context pertains
to the external environment in which an organisation operates, including industry char-
acteristics, market structure, competitive pressure, and regulatory influences (DePietro
et al., 1990). Thus, in the TOE framework, internal social factors such as interaction and
communication processes are included in the organisational context, whereas external

social influences form part of the environmental context.

The above theoretical frameworks (i.e., DOI theory and TOE framework) are well-estab-
lished and widely employed in technology adoption literature (Oliveira & Martins, 2011).
Their widespread utilisation is primarily attributed to their analytical robustness and ex-

planatory power in identifying the factors influencing the diffusion and adoption of tech-
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nological innovations, particularly at the organisational level (Simdes et al., 2020). Table
2-7 presents a side-by-side overview of their principal factors to provide a structured
comparison of these frameworks and highlight the core dimensions they encompass.
The blue-shaded cells visually indicate which factors are explicitly addressed within each
framework, facilitating a clearer understanding of their respective scopes and points of

convergence.

A comparison between the DOI theory and the TOE framework reveals a fundamental
distinction in analytical focus. The DOI theory concentrates primarily on the intrinsic
characteristics of innovations, such as relative advantage, compatibility, complexity,
trialability, and observability, as the principal determinants of adoption (Rogers, 2003).
In contrast, the TOE framework offers a more extensive contextual analysis by integrat-
ing technological, organisational, and environmental dimensions, facilitating a more nu-

anced understanding of the innovation adoption process within organisational settings.

Main Factors | pol | TOE
Technology context
Relative advantage
Compatibility
Complexity
Trialability
Observability
Availability *
Characteristics *
Organisational context

Formal and informal linking structures
Communication processes

Organisational size

Organisational slack

Environmental context

Industry characteristics and market structure
Technology support infrastructure
Government regulations

*Availability and characteristics: can be seen as a summary of the specific variables of the
DOI framework in the technology context (Liu & Cao, 2022)

Table 2-7: Comparison of DOI and TOE (Sources: DePietro et al., 1990, p. 153; Liu

& Cao, 2022, p. 3; Rogers, 2003, p. 37)

Beyond the frameworks discussed above, other theoretical perspectives were identified
in the literature review, offering conceptual lenses to explain the phenomenon under

consideration.
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Network-oriented theoretical perspective

Another theoretical perspective is Actor-Network Theory (ANT), which was developed
in the early 1980s by Bruno Latour, Michel Callon, and John Law (Kaasinen et al., 2022).
ANT aims to analyse how dynamic networks consisting of both human and non-human
actors—such as people, machines, and technological artefacts—emerge and interact
within socio-technical systems (Latour, 1996). A socio-technical system integrates peo-
ple and technology, focusing on their interaction and mutual influence within a shared
environment. Key concepts and dynamics of ANT include the principle of symmetry,
which holds that human and nonhuman entities are equally significant within networks
(Muhle, 2024); the notion of relationality, meaning that the properties and roles of act-
ants are not intrinsic but arise from their dynamic associations; and an emphasis on net-
work dynamics, which highlights that actor-networks are continually enacted, negoti-

ated, and transformed, and are never fully fixed or stable (Rydin, 2018).

The ANT framework was applied in one of the reviewed studies to investigate how
agency and outcomes are distributed in practice, highlighting the collaborative construc-
tion of social and technical realities through networks of heterogeneous elements (Sinha
et al., 2020). ANT thus enables the examination of human-robot interactions, their in-
terconnections, and the ongoing development of these networks (lonitd, Anghel, & Bou-
douh, 2025; Kaasinen et al., 2022). Importantly, ANT seeks to provide rich, empirically
situated accounts of specific local and dynamic networks, deliberately refraining from
generalising its insights—even to similar cases—and instead focusing on the unique con-
figurations and contingent interplay of actants within each instance (Latour, 1996). In
ANT, social context is not predefined but is produced by dynamic networks of interac-

tions between human and nonhuman actors (Latour, 1996).

Having considered relevant frameworks for understanding determinants of technology
acceptance and adoption, attention now turns to a change curve model, which focuses
on the temporality of transformation by mapping typical progression patterns within

organisations.

Change curve model
Facer, Siebers, and Smith (2022) observe that time and temporality are often over-

looked in research despite their essential role in understanding complex organisational
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phenomena. This view is echoed by Meissner et al. (2020), who emphasise that imple-
menting collaborative robots is inherently embedded within organisational change pro-
cesses. Consequently, understanding the organisation's current position within its
change trajectory becomes crucial in this context. Situating data within the temporal
dynamics of change yields a more nuanced interpretation of the phenomenon under

investigation (Breese et al., 2018).

The organisational change process can be effectively described based on the model de-
veloped by Kibler-Ross (1969). Originally intended to describe the stages of grief, this
model has since been adapted to various contexts, including changes in work settings,
based on the premise that individuals exhibit comparable psychological responses
whenever a significant change occurs (Chavan & Bhattacharya, 2022; Stephens,
MclLaughlin, & Mclaughlin, 2021). Consequently, scholars such as Chavan and
Bhattacharya (2022) have widely adopted and developed this model to analyse em-
ployee responses to change initiatives. Figure 2-9 depicts the model in question, illus-
trating five key stages through which individuals may progress during a change as fol-
lows: (1) denial, (2) anger, (3) bargaining, (4) depression, and (5) acceptance (Chavan &

Bhattacharya, 2022).
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Figure 2-9: Stages of organisational change (Source: Chavan & Bhattacharya, 2022, p.
241f.)

Figure 2-9 illustrates the sequential progression of individuals through the stages of
emotional response delineated by the Kiibler-Ross Change Curve model, culminating in
a state of acceptance (Chavan & Bhattacharya, 2022). This model is employed in the

present study, aligning with the proposition put forward by Sotelo and Livingood (2015),
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who argue that the Kiibler-Ross change curve model provides a valuable foundation for

understanding technology acceptance research.

The following presentation delineates the stages of the change process to contextualise
the implementation status of collaborative robots within the focal organisation. The
stages delineated by Chavan and Bhattacharya (2022) were employed to illustrate the
transformation occurring within the workplace environment during technological inte-
gration. The following description of the four stages is based on the work of Chavan and
Bhattacharya (2022). In the initial stage, employees resist or deny the introduction of
collaborative robots. Subsequently, frustration and anger emerge in response to the
sudden alteration of the established routine work process. The third stage is character-
ised by bargaining, wherein employees may attempt to delay the change or negotiate
modifications to it. Subsequently, the stage of depression emerges, which is character-
ised by feelings of uncertainty, fear, and helplessness. In the final stage, the existence of
collaborative robots as part of the working environment is acknowledged and accepted.
While some individuals may accept the change reluctantly, others may embrace it posi-
tively (Chavan & Bhattacharya, 2022). It is imperative to acknowledge that this change
trajectory is inherently non-linear and dynamic, with individuals traversing the stages at
their own pace (Santos de Souza & Chimenti, 2024). Although these stages describe in-
dividual reactions to change, they can also serve as a framework for evaluating an or-

ganisation's collective progress during the implementation of collaborative robots.

Having examined the inherent temporality of organisational transformation, it is essen-
tial to further deepen the analysis of extant literature by addressing the operational im-
plications of collaborative robot deployment. Specifically, a nuanced understanding of
system performance when collaborative robots are deployed in manufacturing settings
is essential. Accordingly, the guiding question for this segment of the literature review
is as follows: What are the key components of system performance when using collab-

orative robots in manufacturing environments?

2.3.3.2 Components of system performance

The notions of technology acceptance and adoption refer to the willingness of individu-

als and organisations to adopt and utilise novel technologies. These concepts assume
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paramount importance in the context of determining the effective integration and utili-
sation of technologies such as collaborative robots. Consequently, scholarly attention
has increasingly focused on evaluating the performance of collaborative robots in man-
ufacturing environments, reflecting the growing significance of this research area

(Ozkdse & Giiney, 2023).

These robots are now frequently deployed to assume repetitive, physically demanding,
and error-prone tasks conventionally performed by human workers to enhance effi-
ciency and reduce error rates (Pluchino et al., 2023). Collaborative robots are designed
to operate safely alongside humans in shared workspaces, bridging the gap between
humans and traditional industrial robots (Pluchino et al., 2023). Despite these ad-
vantages, evaluating the performance of human-robot collaboration remains challeng-
ing due to the absence of widely accepted assessment frameworks (Arslan, Cooper,
Khan, Golgeci, & Ali, 2022). Moreover, prior research indicates that system performance
is closely tied to the rate of adoption of collaborative robots, which is contingent upon
the level of user acceptance within the workplace (Zemlyak, Gusarova, & Sivakova,

2022).

To ensure the successful implementation of collaborative robots in manufacturing envi-
ronments, it is essential to consider the core objectives typically associated with their
deployment. As posited by Riedelbauch, Hollerich, and Henrich (2023), three primary
objectives underpin the introduction of collaborative robotic systems: (1) task produc-
tivity, (2) flexibility, and (3) job attractiveness. However, it must be noted that the reali-
sation of these objectives is fundamentally contingent upon the assurance of occupa-

tional safety (Riedelbauch et al., 2023).

The task productivity in manufacturing environments with and without the integration
of collaborative robots can be evaluated by comparing the time required to complete a
task manually and with human-robot collaboration (Riedelbauch et al., 2023). A reduced
task duration, indicative of enhanced efficiency, is positively associated with accepting
collaborative robots (Meissner et al., 2020). Beyond productivity, flexibility is a critical
performance objective, particularly in contexts characterised by small batch sizes, where
minimising changeover times is essential for maintaining operational agility (Kopp et al.,

2021). Flexibility in this context is reflected in the system's capacity to adapt rapidly to
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different product variants, including the time and complexity of reprogramming the ro-
bot for new tasks (Riedelbauch et al., 2023). In addition to flexibility, another primary
objective of implementing collaborative robots is enhancing job attractiveness (Riedel-
bauch et al., 2023). This is understood as a function of both physical and cognitive ergo-
nomics. Physical ergonomics refers to the physical comfort experienced when interact-
ing with collaborative robots, while cognitive ergonomics involves psychological well-

being in the workplace (Di Pasquale et al., 2023).

The goals associated with the integration of collaborative robots exert a significant in-
fluence on the overall performance of the system. The efficiency and effectiveness of
collaborative robots in enhancing task productivity are closely tied to system perfor-
mance (Hopko et al., 2022). Flexibility, the capacity to adapt to varying products or pro-
duction conditions, is a critical determinant of sustained performance in dynamic man-
ufacturing environments (Riedelbauch et al., 2023). Finally, job attractiveness, which en-
compasses physical and cognitive ergonomics, is vital to employee satisfaction and re-
tention. A motivated and skilled workforce is indispensable to achieving optimal system
performance, particularly in settings where human-robot collaboration is central (Kopp
et al., 2021). It is, therefore, vital to emphasise that task productivity, flexibility, and job
attractiveness represent interconnected dimensions of system performance, shaped by
both individual- and organisational-level factors. This assertion is further supported by
the studies of Simdes, Pinto, Santos, Pinheiro, and Romero (2022) and Di Pasquale et al.
(2024), who emphasise the importance of integrating both individual and organisa-
tional-level factors in evaluating production performance within human-robot collabo-

rative systems.

Having explored the typical objectives underlying implementing collaborative robots
with respect to system performance, it is essential to translate these theoretical insights
into practical applications. Accordingly, the following subsection focuses on specific
characteristics and attitudes that influence the utilisation of collaborative robots. This
part of the literature review is guided by the question: Which aspects of human percep-

tion and attitude hinder or promote the utilisation of collaborative robots?
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2.3.3.3 Barriers and enablers of collaborative robot utilisation

A growing body of scholarly literature posits that the success of human-robot collabora-
tion is contingent on a multifaceted set of determinants, including human-related fac-
tors, robot-specific factors, organisational, and environmental factors (Di Pasquale et al.,
2024; Hopko et al., 2022). These factors collectively function as both barriers and ena-
blers, influencing the overall integration of collaborative robots within manufacturing
contexts. In light of this, the following subsections thoroughly examine these factors,

assessing their impact on human-robot collaboration and system performance.

Human factors

A substantial body of research has been dedicated to examining human factors in the
context of human-robot collaboration (Hopko et al., 2022; Nobile et al., 2024). These
factors are intrinsically linked to individual acceptance of collaborative robots and are
imperative for successfully implementing such robots within work processes. As high-
lighted by Hopko et al. (2022), a systematic review of the literature identified five human
factors that are most frequently discussed about collaborative robots: (1) trust, (2) cog-

nitive workload, (3) anxiety, (4) safety perception, and (5) fatigue.

Trust, in the context of human-robot collaboration, pertains to the extent to which hu-
man operators perceive the collaborative robot as either beneficial or potentially threat-
ening (Pluchino et al., 2023). As posited by Hopko et al. (2022), this perception is influ-
enced by prior positive experiences and increased familiarity with the collaborative ro-
bot's behaviour and functionality. Furthermore, trust has been empirically shown to
have a positive impact on system performance (Rahman & Wang, 2018). When human
operators exhibit high trust in collaborative robots, they are more inclined to fully en-

gage with the technology and exploit its capabilities, enhancing system performance.

Cognitive workload, a critical human factor in human-robot collaboration, refers to the
mental effort required of a human operator to interact with a collaborative robot (Steijn,
van Gulijk, van der Beek, & Sluijs, 2023). This workload is significantly influenced by the
degree of control and involvement demanded of the operator, with interaction speed
representing a key determinant (Panchetti, Pietrantoni, Puzzo, Gualtieri, & Fraboni,
2023). Furthermore, the perceived reliability of the collaborative robot also plays a cru-

cial role (Steijn et al., 2023). More explicitly, lower reliability tends to increase the oper-
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ator's need for monitoring and corrective actions, thereby elevating cognitive workload
(Hopko et al., 2022). Excessive cognitive workload may cause stress and anxiety in the
long term, leading to fatigue, diminished employee well-being, and increased produc-
tion errors (Riedelbauch et al., 2023), all of which have the potential to adversely impact

overall system performance.

Anxiety is a frequently discussed human factor in the literature on human-robot collab-
oration (Verna, Puttero, Genta, & Galetto, 2023). Human operators may experience anx-
iety for various reasons, with concerns regarding job security being a common contrib-
uting factor (Jacob et al., 2023; Tomidei et al., 2024). The task design, which involves the
configuration and setup of the work process carried out in joint operation by the human
operator and the collaborative robot, is particularly relevant in this context. As Hopko
et al. (2022) observe, poorly designed tasks can exacerbate operator anxiety, especially
when individuals feel overwhelmed or insufficiently engaged. These findings emphasise
the necessity of addressing operator anxiety through deliberate and inclusive task de-
sign. Proactively managing anxiety may foster a more supportive work environment, en-

hancing the performance of human-robot collaboration (Baumgartner et al., 2022).

In the context of human-robot collaboration, which involves shared workspaces be-
tween human operators and robotic systems, safety is of paramount importance. Berx,
Decré, Morag, Chemweno, and Pintelon (2022) developed a comprehensive taxonomy
of hazards and risk factors specific to human-robot collaboration. It is imperative to
acknowledge that these risk factors are not only instrumental in the physical design of
the workspace but also significantly impact the acceptance of the collaborative robot

(Berx et al., 2022).

Previous research indicated that the deployment of collaborative robots could reduce
human fatigue in manufacturing environments (Jacob et al., 2023; Rinaldi et al., 2023).
A commonly proposed approach involves allocating repetitive and physically demanding
tasks to the collaborative robot, automating monotonous activities and reducing the
physical strain on human operators. This contributes to the human operator's well-being
and enhances the system's overall performance by sustaining operator engagement and

reducing the risk of fatigue-related errors (Lu et al., 2022).

Human factors, such as trust, cognitive workload, anxiety, safety, and fatigue, play cru-

cial roles in successfully integrating collaborative robots in industrial work environ-
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ments. These human factors can function either as a barrier or an enabler to successful
human-robot collaboration, contingent upon how they are managed and integrated into
system design and organisational practices. Importantly, these human factors are not
isolated but interconnected, and their combined effect influences the effectiveness and
efficiency of human-robot collaboration (Hopko et al., 2022). Besides human factors,
robot-specific characteristics—referred to as robot factors—must also be taken into ac-

count, as they can significantly impact human-robot collaboration.

Robot factors

Robot factors are defined as the physical characteristics and operational parameters
that influence the functional behaviour and interaction dynamics of collaborative ro-
bots. These factors, as outlined by Liu, Caldwell, Rittenbruch, Mige, Burden, and Guer-
tler (2024), include the robot's role, movement and trajectory, degree of automation,
error rate, applied force, speed, and proximity to human workers. These factors deter-
mine the technical capabilities of the robot while also shaping user perceptions and af-
fecting the quality of human-robot collaboration. Hence, these factors are aligned with
the constructs of established theoretical frameworks such as the DOI theory or the TOE

framework.

Probst et al. (2024) asserted that robot factors associated with the operational dynamics
of collaborative robots encompass the speed of movement as a particularly salient ele-
ment. In support of this view, Kopp et al. (2021) suggest that calibrating a collaborative
robot's speed to the requirements and pace of the human operators is more conducive
to effective collaboration than merely maximising it. This argument is further substanti-
ated by the findings of Hopko et al. (2022), who argue that maximising the performance

of collaborative robots does not necessarily lead to enhanced system performance.

Another critical robot factor directly linked to system performance is the ability and per-
formance of the collaborative robot (Hopko et al., 2022). In this context, the error rate
is particularly salient, as it significantly influences the perceived reliability of the collab-
orative robot (Liu, Caldwell, Rittenbruch, Mige, Burden, & Guertler, 2024). Elevated er-
ror rates can undermine the reliability level of the collaborative robot, which in turn
impacts the cognitive workload of human operators (Hopko et al., 2022). Moreover, the

performance of the collaborative robot is closely linked to the development of trust in
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the collaborative robot, which is essential for successfully integrating collaborative ro-

bots into human-centric work environments (Rahman & Wang, 2018).

Consequently, robot factors can shape key human factors, such as perception of trust
and anxiety (Hopko et al., 2022). These robot factors substantially shape the human-
robot collaboration and directly affect both task performance and, thus, system perfor-
mance (Di Pasquale et al., 2024; Liu, Caldwell, Rittenbruch, Mige, Burden, & Guertler,
2024). In addition to robot factors, organisational and environmental factors play a cru-

cial role in effectively deploying collaborative robots (Hopko et al., 2022).

Organisational and environmental factors

The analysis of organisational and environmental factors influencing the implementa-
tion of collaborative robots aligns with broader studies of technology adoption at the
organisational level (Liu & Cao, 2022; Simdes et al., 2020). These factors can be effec-
tively contextualised within the TOE framework, which provides a comprehensive lens
to analyse the organisational and environmental conditions that shape the adoption of

technological innovations.

The TOE framework identifies communication processes as critical factors within the or-
ganisational context (DePietro et al., 1990). These processes include leadership behav-
iour, particularly related to the change process associated with implementing new tech-
nology (DePietro et al., 1990). Consequently, management support emerges as a key
role in ensuring the successful implementation of collaborative robots (Fraboni et al.,

2023; Leichtmann, Hartung, Wilhelm, & Nitsch, 2023; Liu & Cao, 2022).

Another critical factor within the TOE framework is the technology support infrastruc-
ture, which falls under the environmental context (DePietro et al., 1990). This factor is
intrinsically linked to the availability of technology-related training for employees
(DePietro et al., 1990). Gervasi et al. (2020) assert that training human operators utilis-
ing collaborative robotic systems is a prerequisite for successful human-robot collabo-
ration. This assertion is further substantiated by the findings of Di Pasquale et al. (2023)
and Wolf and Stock-Homburg (2023), who both highlight the importance of equipping
operators with the necessary skills and knowledge to maximise the potential of collabo-

rative robots in manufacturing environments.
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Overall, factors such as management support and training are considered critical ena-
blers of the successful implementation of collaborative robots (Zemlyak et al., 2022).
However, extant literature overly emphasises human and robot-related factors, often
neglecting the significant role of organisational and environmental factors (Hopko et al.,
2022). This is even though the introduction of new technology, such as collaborative
robots, has the potential to precipitate substantial organisational change (Armenakis,
Bernerth, Pitts, & Walker, 2007; Wang et al., 2025). This underscores the importance of
further support for the necessity of studies that focus on the organisational environment

and the related factors when implementing collaborative robots.

The above review justifies the need for a multifaceted analysis of the acceptance and
impact of collaborative robots on system performance. Several factors were identified
as potentially impeding effective human-robot collaboration. These included a lack of
trust, a high cognitive workload, and concerns about job security, leading to anxiety.
Poor usability of collaborative robot interfaces and high error rates were also identified
as significant barriers. In contrast, reliable performance, user-friendly interfaces, and a
supportive organisational culture were identified as success factors fostering human-

robot collaboration.

Building upon the research gap outlined in Section 1.2, the comprehensive review of the
existing literature reveals a critical need for further investigation into the complex and
nuanced interplay of factors influencing the acceptance and adoption of collaborative
robots. While numerous studies have offered valuable insights into various determi-
nants of technology acceptance and adoption, there remains a significant gap in re-
search exploring the intersection of human, robot, and organisational-level factors, par-

ticularly concerning the specific technologies underpinning collaborative robots.

2.4 Research gap in the context of literature review

The selected publications demonstrate that the analysis of collaborative robots is pre-
dominantly conducted at the individual level, with only a limited number addressing or-
ganisational-level factors. As previously outlined, this fragmented approach restricts a
holistic understanding of the phenomenon. Therefore, a more integrative analysis com-

bining individual and organisational perspectives is essential to capture the multifaceted
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nature of collaborative robot adoption (Hopko et al., 2022). Furthermore, recent cri-
tiques suggest that classical technology acceptance models, such as the TAM and
UTAUT, are insufficient for studying individual-level acceptance of collaborative robots
(Liao et al., 2024). In particular, these models have been criticised for their limited ca-
pacity to account for the emotional aspect of human-robot interaction, a gap that has
been explicitly acknowledged by multiple scholars (Cigdem, Meidute-Kavaliauskiene, &

Yildiz, 2023; Hopko et al., 2022; Liao et al., 2024).

The published literature increasingly recognises the need for research beyond the tradi-
tional focus on accepting collaborative robots to encompass their impact on system per-
formance. This critical research gap has been articulated by various scholars (Arslan et
al., 2022; Hopko et al., 2022; Rinaldi et al., 2023; Ronzoni, Accorsi, Botti, & Manzini,
2021). Moreover, the significance of addressing this gap is further emphasised by Gual-
tieri et al. (2022), who assert that collaborative robots constitute one of the most trans-

formative technologies within the Industry 4.0 paradigm.

The identified research gap in the literature necessitates a holistic study incorporating
human factors, robots, organisational, and environmental factors. The present thesis
contributes to this discourse by foregrounding system performance as a critically rele-
vant and underexplored area within the field. As recent studies have shown, optimising
system performance not only enhances productivity and quality but also plays a crucial
role in ensuring operator satisfaction and organisational sustainability (Fraboni et al.,
2023). In addition to engaging substantively with key themes from existing scholarship,
the thesis also delineates the methodological parameters underpinning the research de-

sign, ensuring alignment between theoretical constructs and empirical inquiry.

Within the scope of existing research designs in the extant literature, the majority of
empirical studies are conducted in controlled experimental settings, either in laboratory
environments (Fournier et al., 2024; Gualtieri et al., 2022; Probst et al., 2024) or in ex-
perimental setups in manufacturing-adjacent contexts (Eimontaite et al., 2022; Zigart et
al., 2023). A potential explanation for this methodological preference is that experi-
mental studies offer a controlled environment where researchers can systematically ma-
nipulate and isolate key variables. Such settings facilitate rigorous testing and refine-

ment of theoretical models concerning collaborative robot behaviour and human-robot
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interaction. These models can subsequently be validated and extended to more com-

plex, real-world industrial settings.

Nevertheless, translating these findings from a controlled experimental context into
real-world applications remains a significant challenge. The inherent complexity and dy-
namism of real-world operational environments often limit the transferability of labor-
atory-based results (Liao et al., 2023). Instead, empirical studies conducted in authentic
industrial settings are better positioned to capture the contextual intricacies and oper-
ational complexities inherent in real-world settings. In light of this, numerous scholars
have called for increased research conducted in real-world environments (Liao et al.,
2023; Liu, Caldwell, Rittenbruch, Muige, Burden, & Guertler, 2024; Parvez et al., 2022),
particularly within factories that have implemented collaborative robotics in actual pro-
duction workflows (Liao et al., 2023). One factor contributing to the relative scarcity of
such studies is the still-nascent stage of collaborative robot adoption across many indus-
tries (Dornelles et al., 2023). Accordingly, the present context emphasises the scholarly
relevance and practical urgency of conducting research in a manufacturing facility where
a collaborative robot has been fully integrated into routine operations over an extended

period.

As asserted by Parvez et al. (2022), research conducted in real-world industrial settings
has the potential to shed light on the evolving work experience of different groups of
employees while also offering valuable insights into productivity and performance out-
comes associated with implementing collaborative robots. To ensure the transferability
of such findings, the group of participants must reflect a broad demographic spectrum,
including individuals from all age demographics, as Liao et al. (2023) recommended. This
consideration is particularly salient given that a significant body of existing research dis-
proportionately focuses on younger participants (Wolf & Stock-Homburg, 2023), con-

straining the applicability of their findings to the broader workforce.

Based on a critical analysis of selected scholarly publications, a research design
grounded in the real-world application of collaborative robots within manufacturing en-
vironments emerges as particularly relevant. To ensure an inclusive evaluation, such ap-
plications should be analysed through the perspectives of different groups of employees
across varying age demographics. These considerations directly inform the research de-

sign of the present study to increase both the empirical relevance and practical applica-
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bility of its findings. The integration of these aspects is expected to yield a more nuanced
and contextually grounded understanding of the impact of collaborative robots on the

work environment, as articulated by Parvez et al. (2022).

2.5 Chapter summary

This literature review systematically explores multiple dimensions of utilising collabora-
tive robots, focusing on the factors influencing their acceptance and impact on system
performance. Employing a structured review process, including the systematic selection,
screening, and analysis of relevant scholarly publications, two primary objectives were
accomplished: mapping the available body of literature and the detailed delineation of

the previously identified research gap based on the selected publications.

The first objective of the literature review was accomplished using an in-depth analysis
of the general, methodological and substantive characteristics of the 63 selected publi-
cations. The findings indicate a growing scholarly interest in collaborative robotics, par-
ticularly in recent years. Methodologically, the selected publications are predominantly
empirical in nature, emphasising the extensive relevance of empirical contributions in
advancing understanding within this research domain. Moreover, the selected publica-
tions employed a range of theories and frameworks pertinent to technology acceptance
and adoption of collaborative robots. Specifically, the TAM, the UTAUT, and the TPB
emerged as the most frequently applied theories at the individual-level technology ac-
ceptance. Regarding adopting technology at the organisational level, the DOl theory and
the TOE framework were commonly utilised to conceptualise technology adoption pro-
cesses. In addition, the literature explored key dimensions of system performance and
examined the barriers and enablers influencing collaborative robot implementation.
These factors were categorised across human, robot, organisational, and environmental
domains, providing a holistic view of the complex interplay influencing successful inte-

gration.

The second objective of the literature review was to identify and synthesise prevailing
patterns and emerging themes within the structured body of literature, with particular
attention to areas highlighted as priorities for future research. This process facilitated a
more nuanced and critical discussion of the previously identified research gap, grounded

in the insights derived from the selected publications. Notwithstanding the considerable
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advances witnessed in recent years, the literature review findings indicate the continued
need for empirical investigation, particularly in real-world industrial contexts. This anal-
ysis directly informed the substantive focus and methodological design of the present

study.

Building upon the insights gained from the literature review, the methodology chapter
elaborates on the research philosophy, research design, data collection methods, and
analytical techniques employed. This deliberate progression from a critical examination
of the extant literature to a detailed discussion of the methodological approach ensures
that the current study is firmly grounded in both theoretical foundations and empirical

rigour.
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Chapter 3: Research methodology
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3.1 Introduction

Guided by the research strategy roadmap, this chapter outlines the methodological ap-
proach adopted for the study. A qualitative research approach was selected to explore
the factors influencing acceptance and system performance when utilising collaborative
robots. This approach facilitates an in-depth investigation of participants' subjective ex-
periences and perceptions, which are central to understanding complex socio-technical
interactions, as highlighted by Willig (2012). These experiences of working with collabo-
rative robots were examined across different organisational tiers, focusing on the indi-
vidual and organisational levels to address the research question in an integrative man-

ner.

A well-informed selection of research methodology requires a critical discussion of the
underlying philosophical assumptions that guide the research process and shape the re-
searcher's epistemological and ontological positioning. This study adopts a subjectivist
philosophical stance, which provides a coherent rationale for the chosen research meth-
odology and design in addressing the stated research objectives. Drawing from this phil-
osophical foundation, this chapter outlines the research methods employed, including
the sampling strategy, data collection procedures, and analytical techniques. The chap-
ter also addresses ethical considerations and critically evaluates the strengths and limi-

tations of the chosen approach.

3.2 Research philosophy

The term research philosophy is linked to a system of underlying philosophical commit-
ments, including the beliefs and assumptions of the researcher, that shape the re-
searcher's understanding of reality (Lee & Lings, 2008). These philosophical commit-
ments are inherently embedded in all research endeavours, regardless of whether they
are explicitly acknowledged (Burrell & Morgan, 1979/2016). Over the past few decades,
the importance of articulating a clear philosophical foundation has gained increasing
recognition, as it underpins the coherence, credibility, and rigour of social science re-
search (Coule, 2013; Handema, Lungu, Chabala, & Shikaputo, 2023; Hunt & Hansen,
2010; Sefotho, 2015). In alignment with this view, Alvesson and Skéldberg (2018) argue
that the ontological and epistemological assumptions—rather than the methods

alone—serve as the primary determinants of rigorous and meaningful research.
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A clear understanding of the philosophical commitments of the researcher about the
research topic forms the foundation for the research methodology and the research de-
sign, which in turn informs the selection of appropriate research methods for a given
study (Proctor, 1998). Consequently, research philosophy needs to be addressed in any
advanced research project within the social sciences. To classify the underlying research
philosophy of this thesis, the philosophical commitments regarding the nature of reality
(ontology), the nature of knowledge (epistemology), and the role of values within re-
search (axiology) are used, as recommended by Handema et al. (2023). Consequently,
the following sections examine the interrelationship among ontology, epistemology,
and axiology concerning the research topic and the rationale for the chosen research

philosophy.

3.2.1 Ontology

As Grix (2010, p. 59) asserts, ontology represents the "starting point of all research". It
concerns philosophical commitments about social reality and shows how the researcher
perceives the world and what can be known about this reality (Ponterotto, 2005). The
ontological stance, thus, implicitly informs the researcher's understanding of the re-
search object and how it is studied (Jafari, 2021; Johnson & Clark, 2006). In the context
of this thesis, the research objects comprise individuals who directly or indirectly utilise
collaborative robots in their work. This encompasses individual experiences and percep-
tions and their implications on organisational structures and procedures, communica-
tion patterns, power relationships, and leadership, all of which have the potential to

shape technology acceptance and, in turn, could influence system performance.

Ontological positions in research are often conceptualised on a continuum between two
opposing paradigms, realism and nominalism (Easterby-Smith, Jaspersen, Thorpe, &
Valizade, 2021). The relativist position, situated closer to the nominalist end of the spec-
trum, as illustrated in Figure 3-1, asserts that reality is socially constructed and inher-
ently multiple. From this perspective, the comprehension of any research object is con-
tingent upon the observer's interpretive lens (Ponterotto, 2005). This stance aligns with
the position of the present study, which aims to explore the diverse lived realities of
employees interacting with collaborative robots in their work environments by uncov-
ering their concerns, thoughts, and motivations about working with them. It can be pos-
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ited that these perceptions significantly shape individual responses and interpersonal
dynamics (Saunders, Lewis, & Thornhill, 2023). In light of this, implementing collabora-
tive robots within an organisation is not a static or uniform process but evolves through
social interactions across organisational hierarchies (You & Robert, 2017). Conse-
guently, employees may perceive the implementation process differently depending on
their role, level of exposure to the technology, and evolving acceptance of collaborative

robotics.

Building on the ontological commitments underpinning this research, the focus now
shifts to epistemology. The following discourse is informed by the ontological stance
that has been previously discussed, ensuring coherence between the assumptions about

the nature of reality and the approach to knowledge generation.

3.2.2 Epistemology

The philosophical commitments concerned with epistemology focus on the nature and
scope of knowledge, delineating what can be known about social reality and how such
knowledge can be assessed (Blaikie, 2007). Consequently, epistemology strives to en-
sure that the acquired knowledge is adequate and legitimate through a coherent
philosophical underpinning (Maynard, 2013). Thus, the epistemological commitments
are intrinsically linked to the research question, as they signify the knowledge the re-

searcher seeks to gain about a specific phenomenon (Willig, 2022).

Easterby-Smith et al. (2021) outlined that epistemological positions span a continuum
from a positivist to a constructionist perspective. Positivist research is primarily con-
cerned with conducting experiments and observations, which are subsequently sub-
jected to rational deduction to derive scientific evidence (Ryan, 2006). This epistemo-
logical stance is thus closely linked to the "correspondence theory of truth", which states
that the research object exists independently and directly determines its perception
(Willig, 2022). In contrast, constructionist perspectives, despite their internal diversity,
fundamentally oppose the positivistic stance and argue that there is no such thing as
"objective truth" (Crotty, 1998). Instead, constructionists argue that meaning "is not dis-
covered, but constructed" (Crotty, 1998, p. 9). This perspective aligns with the "coher-

ence theory of truth", which aims to capture subjective realities (Darwin, 2004). From
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this standpoint, reality is understood as a product of social interactions, particularly

manifested and negotiated through language as a form of social action (Willig, 2022).

The research question, namely, how do factors influencing the acceptance of collabora-
tive robots shape system performance, together with the derived research objectives,
necessitates an examination of individual realities. This involves studying individual so-
cial processes, including recurring patterns of interaction and communication among
employees as they work with and without collaborative robots, thereby emphasising the
subjective construction of reality at the individual level. In alignment with this focus, the
epistemological position of the study can be justified. Specifically, the research adopts a
moderate constructionist stance, as conceptualised by Willig (2022), aiming to elucidate
the interplay between the discursive construction of participants' perceptions within the
implementation process of collaborative robots and the broader socio-organisational
context in which these perceptions are embedded. In doing so, it recognises that social
realities pre-exist and shape discursive practices, thereby setting constraints on how
meanings can be constructed, which distinguishes this stance from more radical or

strong forms of constructionism.

Having established the epistemological foundations of this study, it is essential to con-
sider the axiological commitments that underpin the research philosophy within the so-
cial sciences. The domain of axiology is thus inherently contingent upon the epistemo-

logical discourse.

3.2.3 Axiology

Axiology is a theory of values that aims to define the role of values within the research
process (Saunders et al., 2023). Values, as conceptualised by Heron (1996), constitute
the guiding reason for human action. Consequently, acknowledging and critically reflect-

ing upon these values is essential to the integrity and rigour of the research endeavour.

Axiological commitments in research can range from claiming to be value-free to value-
bound positions. Saunders et al. (2023) defined value-free research as being completely
objective, wherein the researcher remained detached and independent from the re-
search process. In contrast, value-bound positions are characterised by the view that

the researcher is an integral part of the research context, thereby acknowledging their
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influence on the construction of knowledge (Winit-Watjana, 2016). This stance requires
researchers to explicitly state their motivation, disclose their underlying values, and
engage in active reflexivity throughout the research process (Cunliffe, 2003; Jafari,
2021). In alignment with this view, the personal and disciplinary reflexivity of the re-
searcher is presented in Section 1.7, which discusses the role of the researcher. Sefotho
(2015) asserts that addressing this topic is necessary for social science research, given
that the researcher's values are inseparable from the inquiry and inevitably shape the

research process and outcomes.

3.2.4 Choice of research philosophy

The following figure (Figure 3-1) shows the interrelationship between ontology, episte-
mology, and axiology and the range of positions associated with each philosophical di-
mension. Furthermore, the blue frame highlights the study's philosophical stance, align-
ing with the previously discussed philosophical commitments. This position is based on
the research objectives and the researcher's stance on these philosophical commit-
ments, consistent with the framework proposed by Thomas (2004). Accordingly, the
philosophical orientation of this study is characterised as relativist in terms of ontology,

constructionist in terms of epistemology, and value-bound in terms of axiology.

In conclusion, the study's subjectivist orientation is grounded in the nature of the re-
search topic, which focuses on exploring the complex organisational processes associ-
ated with implementing collaborative robots. The research objectives reflect this orien-
tation and are threefold. First, the study seeks to explore and identify critical factors
influencing the acceptance of collaborative robot work systems. Second, it aims to de-
velop a conceptual framework that illustrates the nuanced relationships among these
factors and how they shape system performance. Both objectives are rooted in a core
interest in employees' perceptions of collaborative robots, thus necessitating an empha-
sis on the socially constructed nature of reality. Third, the study proposes recommenda-
tions to create conditions for favourable user responses and attitudes towards collabo-
rative robots. Achieving this objective likewise requires a subjective approach that ena-
bles a deeper understanding of the intricate and multifaceted manner in which individ-
uals perceive and engage with collaborative robots. This, in turn, may generate more
effective and user-centric recommendations.
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OBIJECTIVISM SUBJECTIVISM
ONTOLOGY . . .. o
l Realism Internal realism Relativism Nominalism
EPISTEMOLOGY Strong positivism Strong constructionism
Value-free -
AXIOLOGY Value-bound
Study's position

Figure 3-1: Philosophical commitments of the current thesis (Sources: Easterby-Smith et
al., 2021, p. 80; Saunders et al., 2023, p. 136)

Furthermore, this study's position also recognises the researcher's philosophical stance,
which is based on the understanding that individuals cannot be studied in the same way
as natural objects and that researchers cannot be regarded as detached and independ-
ent from the research process. A central argument supporting this view is outlined by
Orlikowski and Baroudi (1991), who state that objectivist approaches often neglect the
fact that individuals actively engage with, interpret, and shape their physical and social
realities through their actions. Subjectivist research is thus primarily associated with a
qualitative methodology that considers the complexity and contextual nuances inherent
in organisational settings (Saunders et al., 2023). In line with this philosophical orienta-
tion, the next step involves the selection of a coherent qualitative research methodology

that supports the study's ontological, epistemological, and axiological stances.

3.3 Research methodology

One of the methodologies widely employed in organisational studies is grounded
theory, which has been developed to generate theories inductively from empirical data
(Glaser & Strauss, 1967). Grounded theory is not a single method, but belongs to a re-
search family and is one of the most popular methodologies within qualitative research
(Mohajan & Mohajan, 2022). In this research family, three main approaches to grounded
theory have emerged, each reflecting different epistemological and ontological orienta-
tions. However, not all these approaches align with the research objectives and philo-

sophical commitments underpinning the present study.
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The different approaches to grounded theory have evolved since its first publication in
the 1960s: (1) The original version, developed by Glaser and Strauss, is grounded in a
critical realist ontology and a modified objectivist epistemology (Annells, 1997). Accord-
ingly, this approach is more aligned with the positivist end of the philosophical contin-
uum, as illustrated in Figure 3-1. (2) A subsequent iteration introduced by Strauss and
Corbin adopts a relativist ontological stance and a more subjectivist epistemological ori-
entation (Annells, 1997). (3) Finally, the most recent approach advanced by Charmaz,
which is called the constructivist grounded theory, is rooted in symbolic interactionism
and emphasises the co-construction of meaning between researcher and participants
(Charmaz, 2014). This constructivist grounded theory is characterised by a relativist

ontology and a constructionist epistemological position (Khanal, 2019).

The approaches advanced by Strauss and Corbin, as well as that of Charmaz, are posi-
tioned more towards the right end of the philosophical continuum illustrated in Figure
3-1. Both methodologies align with the subjectivist perspective of the study, as they elu-

cidate the socially constructed nature of reality in complex organisational settings.

Moreover, the nature of the relationship between the research participants and the
researcher is crucial for differentiating between the different grounded theory
approaches (Mills, Bonner, & Francis, 2006). In contrast to the more conventional
grounded theory approaches, Charmaz's constructivist grounded theory emphasises the
importance of reflexivity, arguing that researchers are not "scientific observers who can
dismiss scrutiny of our values by claiming scientific neutrality and authority" (Charmaz,
2014, p. 27). This assertion resonates strongly with the researcher's axiological stance,
which posits that, particularly in the social sciences, research is inherently value-laden

and necessitates active engagement with the researcher's positionality.

Accordingly, constructivist grounded theory is philosophically coherent with the present
study, offering a sound methodological framework for eliciting and interpreting partici-
pants' perspectives and lived experiences. This alighnment is critical given the study's aim
of understanding the socially constructed realities that shape perceptions of collabora-

tive robots in organisational contexts.

In light of the philosophical underpinning of constructivist grounded theory, it is imper-
ative to discuss the methodology in relation to the relevance of its research findings. A

key epistemological distinction within this approach lies in how it differentiates between
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what is considered "truth" and what is understood to be "reality". Charmaz (2000)
defined truth as socially constructed, inherently pluralistic, and subject to variation
across contexts and perspectives. Conversely, she accepts the existence of a real-world
when she defines reality (Charmaz, 2000). However, Charmaz's definition of truth
encompasses not only the phenomenon under investigation but also the interpretive

role of the researcher (Charmaz, 2014).

This discussion gives rise to the dilemma of epistemological relativism, which rejects the
generalisation of findings due to the definition of truth that neglects cross-framework
judgements (Fay, 1996). Under this view, the socially constructed nature of truth pre-
cludes the existence of predefined standards for validating research findings (Kikuchi &
Simmons, 1999; Stajduhar, Balneaves, & Thorne, 2001). However, without the
possibility of validating research findings, the construction of meaning based on the re-
search becomes almost impossible (MacDonald & Schreiber, 2010). To overcome this
dilemma, Searle's philosophical underpinning of realism can be applied (Lomborg &
Kirkevold, 2003). He based his position on the "correspondence theory of truth" and
acknowledges the constructed social reality of individuals while retaining the objective
nature of this social reality (Searle, 1997). Most importantly, Searle's reconceptu-
alisation of realism is consistent with Blumer's thoughts on symbolic interactionism,

upon which constructivist grounded theory is built (Lomborg & Kirkevold, 2003).

Consequently, Searle's reconceptualisation of realism provides a valuable reference to
reassess the philosophical foundation of symbolic interactionism that could thus be de-
scribed as an implicit realist position (Lomborg & Kirkevold, 2003). Hence, Lomborg and
Kirkevold (2003) argue that the limitations of a purely constructionist stance can be mit-
igated. They suggest that grounded theory, particularly in its constructivist form, need
not be restricted to intra-framework judgements but can accommodate broader episte-
mological claims through a realist-informed perspective. Therefore, the constructivist
grounded theory emerges as an appropriate methodology for achieving the stated re-

search objectives.

While constructivist grounded theory is a particularly well-suited methodological choice
given the study's philosophical underpinnings, it is not the only possible choice. Alterna-
tive approaches, such as symbolic interactionism or phenomenology, are also deemed

epistemologically compatible. However, the selection of the most appropriate method-
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ology depends on its alignment with the research question and the study's objectives
(Burns, Bally, Burles, Holtslander, & Peacock, 2022). Symbolic interactionism excels
when the research focuses on how meaning is constructed and negotiated in specific
social contexts (Salvini, 2019), whereas phenomenology is best applied to questions that
focus on understanding the essence and nature of individual experiences and subjective
perceptions (Urcia, 2021). Accordingly, phenomenology and symbolic interactionism are
particularly well-suited for research endeavours that seek to explore individual experi-
ences or to elucidate the meanings generated through social interaction specifically in
micro-level contexts. Even if these approaches do not contradict the researcher's philo-
sophical commitments, they are less suitable for answering a research question aimed
at developing a theoretical understanding of dynamic social and organisational pro-
cesses underlying complex phenomena. This need is corroborated by the call for further
research into the human-robot collaboration dynamics, particularly within team-based

contexts (Di Pasquale et al., 2024; Hopko et al., 2022; Rinaldi et al., 2023).

The appropriateness of this methodology is further reinforced by the study's specific
research objectives and overarching purpose. Constructivist grounded theory is partic-
ularly well-suited to this aim, as it is explicitly oriented toward generating new theoret-
ical insights, an emphasis less central to symbolic interactionism or phenomenology
(Cunliffe, 2010; Nolas, 2011). While contemporary forms of symbolic interactionism and
phenomenology may at times extend beyond descriptive analysis, their principal contri-
bution remains the in-depth exploration of subjective meaning (Syamsudin, Haerani, Da-
mayanti, & Fattah, 2022). Consequently, constructivist grounded theory emerges as the
most appropriate research methodology regarding the substantive research topic, the
research question, and the overarching research objectives. In light of this methodolog-
ical choice, it is imperative to design a research strategy congruent with the principles

and procedures of constructivist grounded theory.

3.4 Research design

According to Payne (2021), the grounded theory research family is particularly well-
suited for exploratory research. Adopting an exploratory research design is valuable be-
cause it aims to uncover new insights that facilitate a more nuanced understanding of a
given phenomenon (Swedberg, 2020). Given the limited empirical research on collabo-
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rative robots within real-world settings, as highlighted in the literature review of this
thesis, an exploratory approach is deemed appropriate. Consequently, this section pro-
vides an overview of the study's exploratory research design and a rationale for selecting

the case study approach.

When discussing the research design, it is crucial to ascertain how the study ensures an
accurate representation of the phenomenon under investigation. This necessitates a
critical assessment of the study's quality, encompassing the validity, reliability and gen-
eralisability of its findings (Easterby-Smith et al., 2021). These conventional criteria,
rooted in positivist traditions, may not adequately capture the complexities inherent in
qualitative inquiry (Easterby-Smith et al., 2021). Instead, these terms are often recon-
ceptualised in qualitative research to align with interpretivist paradigms. For instance,
traditional notions of validity and reliability may not adequately capture the nuances of
qualitative inquiry.

In qualitative research, the quality of a study can be more effectively evaluated based
on trustworthiness, encompassing four key criteria: (1) credibility, (2) transferability, (3)
dependability, and (4) confirmability (Guba, 1981; Tierney & Clemens, 2011). These cri-
teria serve as qualitative counterparts to traditional quantitative measures: credibility
corresponds to internal validity, transferability aligns with external validity, dependabil-
ity with reliability, and confirmability with objectivity (Guba, 1981). To ensure trustwor-
thiness, this study has meticulously addressed each criterion (Malterud, 2001; Tierney

& Clemens, 2011).

Furthermore, memos emphasising reflexivity were employed throughout the research
process to document and justify decisions, as Nowell, Norris, White, and Moules (2017)
recommended. Therefore, the research design must be grounded in a well-articulated
rationale that informs each stage of the decision-making process. More specifically, this
rationale should explicitly address what is being done, how it is being done and why it is
being done (Tobin & Begley, 2004). Consequently, the following section presents the
theoretical foundations and practical considerations of the research methods, including

the sampling strategy, data collection procedures, and data analysis techniques.
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3.4.1 Mode of enquiry

Toinvestigate how acceptance-related factors in collaborative robot applications impact
system performance, a case study approach focusing on the healthcare manufacturing
sector was chosen. Yin (2018) states that a case study approach is particularly suitable
for in-depth exploration of complex phenomena within their real-world context, aligning
with this thesis's aim. Thus, the case study approach is used as an overarching approach
to generate an in-depth and multi-faceted understanding of such a situation within its
contextual environment. This aligns with Guercini (2004), who emphasised that case
studies are highly suitable for analysing complex organisational processes. Furthermore,
the present methodology follows the recommendations of Hancock, Algozzine, and Lim
(2021), who advocate for case studies when investigating contemporary phenomena
situated within clearly defined spatial and temporal boundaries. Such a research phe-
nomenon is exemplified by analysing the deployment of collaborative robots and their
effects on acceptance and system performance based on a real manufacturing setting

over a defined period.

To investigate the implications and organisational changes arising from the implemen-
tation of collaborative robots, an in-depth analysis of a single case is conducted in the
current thesis. As Yin (2018) argues, a single-case design is justifiable when it represents
a critical test of existing theory, a unique situation, a typical case or when it constitutes
a revelatory or longitudinal study. A single case study approach was chosen for this the-
sis because it facilitates a detailed and context-specific examination of a unique instance
within the organisation where the researcher is employed. This particular case has re-
mained unexplored in previous research due to restricted access, qualifying it as a reve-

latory case per Yin's (2018) classification.

The case under investigation involves an analysis of the integration of collaborative ro-
bots into the manufacturing processes of a packaging department in Germany operated
by a leading global healthcare company. The study compares two manufacturing sce-
narios: integrating a collaborative robot as a new team member versus performing the
process without robotic assistance. According to Yin (2018), this represents an embed-
ded case study design as the study involves multiple units of analysis, namely the man-
ufacturing process with and without collaborative robots. The embedded case study de-

sign of this revelatory case is visually illustrated in Figure 3-2. In addition, this case in-
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volved multiple levels of analysis, including examining the impact of using collaborative
robots at both the individual and the organisational level to assess the overall effect of

collaborative robots on system performance.

Context: Healthcare manufacturing sector

Revelatory case: manufacturing department located in Germany
at a leading global healthcare company

Embedded unit of analysis 1: Embedded unit of analysis 2:
Production process with Production process without
collaborative robot collaborative robot

Figure 3-2: Embedded case study design (Source: Yin, 2018, p. 48)

The applied case study approach was used to obtain an in-depth exploration of the phe-
nomenon under investigation. As the case study approach is a research strategy rather
than a single method, it incorporates multiple methods of data collection and analysis
to generate a rich and holistic understanding (Willig, 2022). One of the key strengths of
case study research lies in its methodological flexibility and capacity to integrate various
gualitative and quantitative techniques (Yin, 2018). This multimethod approach also re-
sponds to existing calls for using diverse methods in qualitative studies of human-robot
collaboration, as highlighted by Veling and McGinn (2021) and Bethel and Murphy
(2010).

The thesis relies on multiple data collection methods to address its research objectives
from multiple angles. Empirical evidence was derived from three sources: (1) document
analysis, (2) participant observation, and (3) semi-structured interviews. The first
method involved the analysis of secondary data derived from a review of internal docu-
ments relevant to the case under investigation. Subsequently, participant observation
was used to explore employee interactions and workflows in both scenarios—with and
without integrating collaborative robots. During these observations, informal conversa-
tions occurred between the participants and the researcher, offering additional contex-
tual insights. Finally, semi-structured interviews were conducted to capture individual
perspectives and experiences related to implementing collaborative robots. The data
collected through participant observation and semi-structured interviews consists of
two primary data types. These data were collected through direct engagement with the
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phenomenon in its natural setting and by eliciting participants' reflections via interview

narratives.

Each data collection method serves different purposes, leveraging its unique strengths
while mitigating potential limitations through methodological complementarity (Yin,
2018). Before outlining each data collection method, it is essential to consider the sam-
pling strategy, as it forms a critical foundation for the credibility and relevance of the

research findings.

3.4.2 Sampling strategy

One crucial aspect of the sampling process in qualitative research is the determination
of an appropriate endpoint for data collection, ensuring the depth necessary to generate
a nuanced understanding of the research question. Similar to other qualitative method-
ologies, there is no universally prescribed optimal sample size within the family of

grounded theory (Charmaz, 2014; Glaser & Strauss, 1967).

Within constructivist grounded theory, it is imperative to recognise that the primary ob-
jective is not to achieve statistical generalisability but to enable the emergence and re-
finement of themes grounded in the data (Charmaz, 2014). This sampling strategy al-
lowed the researcher primarily to narrow the focus on the developed themes and their
refinement, as suggested by Charmaz (2014). It is, therefore, essential to acknowledge
that in such qualitative approaches, the analysis does not culminate in an absolute or
complete endpoint (Low, 2019). Instead, the analytical process is inherently interpreta-
tive and relies on the researcher's reflexive judgment to assess the sufficiency and depth
of thematic development (Braun & Clarke, 2021b). This assertion aligns with a pragmatic
conceptualisation of theoretical saturation, wherein saturation is understood not as a
fixed standard but as a context-dependent construct shaped by the specific objectives
and scope of the analysis (Low, 2019). Consequently, saturation is reached when the
addition of new data no longer yields new insights about the coding and theme devel-

opment process (Islam & Aldaihani, 2022).

Based on the points above, two criteria were used to determine the endpoint of data
collection in this study. First, data collection ceased when no new perspectives or

themes emerged from additional data. This can only be determined through an iterative
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process whereby data collection and analysis occur concurrently. Such an approach en-
ables the simultaneous assessment of whether additional data is necessary to enrich or
extend the constructed themes. Second, data collection was concluded once the dataset
clearly supported answering the research questions and achieving the objectives. Within
this framework, saturation is conceptualised not as an absolute state but as a pragmatic
threshold defined by the adequacy of the data to address the research objectives suffi-
ciently.

Theoretical sampling constitutes a foundational component of grounded theory, includ-
ing constructivist grounded theory (Charmaz, 2014; Kearney, 2007). Theoretical sam-
pling is considered a special form of purposive sampling, aimed at theory development
rather than representativeness (Morse & Clark, 2019). It starts with an initial dataset,
from which preliminary insights are generated. These emergent ideas then guide subse-
quent rounds of data collection in a manner that is both iterative and responsive to the
evolving theoretical understanding (Charmaz, 2014). Thus, theoretical sampling is de-
fined by Charmaz (2014, p. 192) as "seeking and collecting pertinent data to elaborate
and refine categories in your emerging theory". In constructivist grounded theory, initial
data collection typically starts with purposive sampling to identify participants or cases
likely to yield rich, relevant information (Butler, Copnell, & Hall, 2018; Charmaz, 2014).
The following subsections delineate how this thesis initially applies purposive sampling,

followed by four distinct phases of theoretical sampling.

Purposive sampling

The current study employed a purposive sampling strategy, which commenced with a
review of relevant documents and archival materials. This was undertaken to develop a
fundamental understanding of the phenomenon under investigation and inform subse-
guent stages of data collection. The selection of documents was guided by the re-
searcher's judgment regarding their relevance, credibility, and potential to contribute to
the study findings meaningfully.

The second phase of data collection involved participant observations guided by purpos-
ive sampling criteria. The primary criterion for sample selection was the execution of
packaging operations for comparable finished goods under two distinct conditions: one

involving collaborative robots and the other without robotic assistance. This approach
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was designed to facilitate a direct comparison between the two manufacturing pro-
cesses. The sampling criteria were defined prior to data collection and were already
aligned with the embedded case study design. Therefore, this data collection process
can also be categorised as purposive sampling. Charmaz (2014, p. 197) characterises
purposive sampling as a suitable starting point in grounded theory research, distinguish-

ing it from theoretical sampling, which she defines as a "way to determine where you

go".

Theoretical sampling—Step 1

Theoretical sampling facilitates the researcher to develop and refine constructed
themes through continuous interaction with the data (Breckenridge & Derek, 2009;
Charmaz, 2014). Theoretical sampling often begins with the inclusion of additional data
sources to explore preliminary analytical insights (Wuest, 2001). In the current thesis,
the first phase of theoretical sampling involved conducting a pilot study with semi-struc-
tured interviews as a complementary method. This approach aimed to gain further in-
sight into the phenomenon by addressing open-ended questions about how the partic-
ipants perceive the implementation of collaborative robots or their perceived benefits
and challenges. Typical questions used in the semi-structured interviews are outlined as
follows: "What do you perceive as positive/negative when working with cobots?", "How
valuable do you perceive the support from the cobots?", "How has the collaboration
within the working group changed because of the implementation of the cobots?", and

"How has the productivity changed as a result of the cobots?"

The following criteria were applied when inviting the participants to the study: experi-
ence using collaborative robots and their professional role. This approach ensured the

inclusion of production workers and production technicians within the sample.

Theoretical sampling—Step 2

Following the analysis of the pilot interviews, several questions were removed, some
were refined, and some new questions were added according to the principles of theo-
retical sampling as outlined by Butler et al. (2018). This represents one of the most fre-
guently used techniques in theoretical sampling, which involves refocusing data collec-
tion based on emerging insights to explore specific themes more deeply (Draucker,

Martsolf, Ross, & Rusk, 2007). The complete set of semi-structured questions used in
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pilot testing is presented in Appendix B.1, while Appendix B.2 presents the revised set
used in the main study. Modifications made to enhance clarity and additions or omis-
sions prompted by the pilot study findings are explicitly marked in Appendix B.2. The
selection criteria for participants remained consistent with those employed in the pre-
vious step, ensuring methodological comparability between the pilot and main study

groups.

Theoretical sampling—Step 3

The subsequent phase of theoretical sampling introduced a new participant character-
istic, similar to the approaches previously adopted by other constructivist grounded the-
ory researchers (Balakumar, Bernar, Crispino, & Winstanley, 2020). Specifically, the fo-
cus was placed on the frequency of interaction between the participants and the collab-
orative robot. This characteristic aimed to capture the diverse perspectives of employ-
ees with varying frequencies of interaction with these robots. Snowball sampling was
employed to identify potential new participants who varied along this dimension, as
suggested by Lune and Berg (2017). In the ninth interview onward, participants were
asked to recommend colleagues who met this criterion, and their recommendations

were documented in the interview transcripts to ensure transparency.

Theoretical sampling—Step 4

In the final phase of theoretical sampling, the data collection scope was extended by
including a new participant group, as suggested by Butler et al. (2018). This entailed in-
tegrating the direct managers who regularly interact with the employees operating col-
laborative robots. Participants were selected based on their position, which provided
them with direct interaction with employees working with collaborative robots. This
supplementary group yielded novel insights into the research question, enriching a more
layered analysis of the phenomenon. Some typical questions for the managers were:
"How has the usage frequency of the cobots changed over time?", "What fears or hopes
did your employees have at the beginning of the implementation of cobots, and how has
this changed up to now?", "What do you think can be done to increase the acceptance
of the cobots?", "To what extent did the product quality change as a result of the
cobots?" The complete set of interview questions used for this group is listed in Appen-

dix B.3.
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The four theoretical sampling steps previously outlined culminate in the adoption of a
dyadic approach. A dyad is generally defined as a relationship or interaction between
two or more individuals (Szulc & King, 2025). In this study, an expanded interpretation
of the term dyad is employed to encompass two distinct organisational groups: (1) em-
ployees, including both production workers and production technicians and (2) their di-
rect line managers. The dyadic approach typically involves conducting joint interviews
with two participants to identify discrepancies and congruences in their perceptions
(Szulc & King, 2025). Nevertheless, the current study did not adopt such an interview
configuration due to inherent power asymmetry between employees and their line
managers, consistent with the methodological guidance by Head, Ellis-Caird, Rhodes,
and Mengoni (2021). In circumstances involving a power disparity which may inhibit

open dialogue, Head et al. (2021) recommended conducting individual interviews.

The following table presents the dyadic structure used in the study. Furthermore, Table
3-1illustrates how each group within the dyad was engaged: employees were asked to
conduct self-assessments, whereas line managers provided external assessments of
their employees. This dual-perspective design aligns with the framework proposed by
Gmelch et al. (2008), who recommend such an approach for investigating relational dy-

namics within dyadic structures.

I

Group of employees Group of managers
"What did you think (or feel) when you "What fears or hopes did your employ-
first saw cobots? (fears, hopes)" and || ees have at the beginning of the imple-
"How has it changed since then?" mentation of cobots?" and

"How has this changed to date?"

"Have you developed an emotional con- "How are cobots currently perceived by
nection with the cobots (similar to a col- employees (especially in terms of form-
league)?" or ing an emotional bond comparable to a
"How does it feel to work with the colleague)?"

cobots (compared to working with a hu-
man colleague)?"

"How has collaboration within the group "How has collaboration within the group
changed because of the implementation | »| changed because of the implementation
of the cobots? " of the cobots?"

Table 3-1: Dyadic approach of the study

This study captures the nuanced interactions and relational dynamics that shape hu-

man-robot collaboration by incorporating both employees who interact directly with
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collaborative robots and their immediate managers. This dual perspective facilitates a
multifaceted understanding of how collaborative robots are perceived, the benefits and
challenges encountered, and their broader impact on the manufacturing process and
system performance. Integrating both groups ensures the identification and analysis of
converging and diverging viewpoints, effectively operationalising a dyadic approach.
Such an approach yields deeper insights into the dynamics between employees and

managers, facilitating an in-depth analysis of the phenomenon.

Figure 3-3 illustrates the sampling process used in the present study, providing an over-
view of the procedures outlined in the preceding discussion. This figure presents the
integration of the applied sampling methods, incorporating the three distinct data col-
lection methods utilised. In addition, the theoretical sampling approach is demon-
strated, highlighting the four sequential steps that guided participant selection and data
refinement. In line with Charmaz's (2014) methodological recommendations, key deci-
sions made during the process were recorded using memos, enhancing the transparency

and rigour of the research design.

Purposive sampling

Theoretical sampling

Pilot study Main study
Semi-structured interview
L. Step 1: Step 2: Step 3: Step 4:
Document Participant |, : ,
Ivsi b ti Interviews Refinement New New
CLEL AL QLSS as additional of interview participant participant
data sources questions characteristic group
(snowball sampling)
Memo writing (documentation of the process)

Figure 3-3: Overview of sampling procedure

However, a methodologically sound discussion of the sampling process can only be
achieved when the population of interest has been clearly defined (Hossan, Dato'
Mansor, & Jaharuddin, 2023). Aligning with the focus of this thesis, the research popu-
lation is defined as all employees, either directly or indirectly, engaged in utilising col-
laborative robots within the manufacturing sector of the healthcare industry. However,

this population was deemed too expansive and not manageable for empirical investiga-
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tion. Therefore, following Hossan et al. (2023), a target population needs to be defined.
Accordingly, in this study, the target population was refined in collaboration with the
organisation under investigation and is detailed in the following section on data collec-

tion.

3.4.3 Data collection

The data collection for the current case study was conducted at the German site of a
leading global healthcare company. This company specialises in developing and manu-
facturing innovative diagnostic tests and systems as well as pharmaceutical solutions
that significantly contribute to advancing the healthcare sector. The German site, which
employs approximately 8,000 personnel, plays a pivotal role in developing and providing
diagnostic solutions and pharmaceuticals, making it a particularly suitable setting for
examining the integration of collaborative robotics in a high-stakes manufacturing envi-

ronment.

Within the selected company, the case study was conducted in the packaging depart-
ment, which specialises in manufacturing finished goods for the diagnostic sector, at one
of the company's sites. This department manufactures approximately 1,500 products
for in-vitro diagnostics and research purposes and employs more than 50 employees. In
2019, the first collaborative robot was introduced to the department's manufacturing
processes. In subsequent years, a workstation comprising two collaborative robots of
the same type was established, with an automated supply for filled and labelled compo-
nents. This workstation, which represents the focus of the present study, was configured
in its current form at the end of 2022. Document analysis revealed that the utilised sin-
gle-arm collaborative pick-and-place robots have seven axes and weigh 18 kg, making
them relatively small and lightweight. The maximum payload capacity is 3 kg, with a
maximum reach of 850 mm. The collaborative robot under consideration is primarily
anthropomorphic regarding movement rather than aesthetics (Scholz, Cao, El Makrini,
& Vanderborght, 2023). The seven axes design of this collaborative robot emulates hu-
man arm biomechanics, allowing for flexible, joint-like movement and enabling physical

guidance.

Implementing these collaborative robots is designed to facilitate pick-and-place tasks

performed by employees during the packaging processes of finished goods. This form of
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interaction between the human operator and the collaborative robot aligns with the
concept of cooperation, as defined by Bauer et al. (2016). The human operator and the
collaborative robot share the same workspace and act on a common task in such coop-
erative arrangements. Yet, they do not work on the same workpiece concurrently. In the
present thesis, the relevant packaging processes were comparatively analysed under
two conditions: with and without utilising a collaborative robot as a new team member.
This comparative approach was feasible because only a portion of the products are man-
ufactured with robotic assistance, while the remaining portion is produced manually by

human operators.

The following subsections provide a detailed account of the various data collection
methods employed in this study—including document analysis, participant observation,
and semi-structured interviews. In addition, each method is examined with regard to its
theoretical underpinnings and practical implementation within the context of the pre-
sent case study. The data collection activities were carried out over 14 months, from

May 2023 to June 2024.

3.4.3.1 Document analysis

Documents were used as a valuable source of evidence in the current case study. Simons
(2009, p. 63) defines documents as "anything written or produced about the research
context or site". Archival and documentary sources can take various forms, including
individual records, communication records, organisational records and media outputs
(Saunders et al., 2023). A common characteristic of these documents is that they were
originally created for a purpose unrelated to the current research. Nonetheless, such
documentation can function as crucial secondary evidence when triangulated with pri-

mary data, such as observations and interviews (Yin, 2018).

In the present study, the document analysis primarily draws on organisational sources,
focusing on reviewing existing documents and archival records. These materials pro-
vided insight into the chronological sequence of the implementation of collaborative
robots and the subsequent development of the respective workstation from its initial
deployment to its current configuration. The data sources included calendar entries, or-

ganisational images, films, presentations and reports. In addition, materials provided by
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the collaborative robot manufacturer were used to provide a comprehensive under-
standing of the collaborative robots used at the case study site. Collectively, these
sources provide evidence for the analysis of the implementation process, enabling an
analysis of the steps undertaken and the organisational and economic context in which

the integration occurred.

However, it is essential to consider the original purpose and the nature of the selected
documents when interpreting them and to verify the sources' quality (Hakim, 2012). To
ensure methodological rigour, the review of documents was systematically done by de-
veloping a protocol. This protocol summarised the key aspects of each reviewed docu-
ment and provided explicit references to the sources of evidence, following Yin's (2018)
recommendations. This approach was critical to ensure methodological credibility, es-
pecially given that access to some internal materials was restricted exclusively to the
researcher as per company confidentiality policies. The initial data collection began in
May 2023 and was concluded once data saturation was reached, meaning that further
document analysis did not provide new insights regarding the initial understanding of

the collaborative robot implementation process.

A subsequent document and archival review was carried out following the refinement
of the research question, with a more focused emphasis on system performance. This
phase of analysis involved comparing manufacturing lead times and resource consump-
tion for different finished goods, each produced with and without utilising collaborative
robots. The main data sources for this comparison were the bills of materials of the cor-
responding products. This additional data collection took place in November 2023 and
was concluded after comparing the different manufacturing approaches for four prod-
ucts. In total, the document and archival reviews resulted in a secondary data summary

of 18 pages.

These secondary data built the baseline for the current case study, establishing the con-
textual framework for the subsequent collection of primary data. While secondary
sources provided the background information and informed the development of re-
search instruments, the primary data constitutes the principal source of evidence on
which the thesis is based. Among the primary data collection methods employed, par-

ticipant observation played a vital role.
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3.4.3.2 Participant observation

Participant observation is a well-established method in qualitative research and is fre-
quently used in case study designs (Yin, 2018). Originating from social anthropology,
participant observation is particularly suited to exploring the meanings individuals as-
sign to their actions (Saunders et al., 2023). Given that the current research focuses on
the interactions between employees and collaborative robots, participant observation
was chosen as the initial method for primary data collection. This approach enabled a
contextualised understanding of the physical setting and actual practices to obtain a
deeper understanding of the similarities and differences in workflows involving collabo-
rative robots compared to those that do not. Participant observation is especially valu-
able in uncovering nuanced aspects of human-technology interaction, as it provides ac-
cess to relational dynamics and unspoken tacit behaviours that may be difficult to reveal

in interviews or documentary sources (Saunders et al., 2023).

Gold (1958) categorises participant observation into four distinct types based on the
researcher's level of involvement and the degree of interaction between the researcher
and the participants: (1) complete observer, (2) observer-as-participant, (3) participant-
as-observer, or (4) complete participant. These classifications help delineate the re-
searcher's stance during participant observation. In the context of the present study,
the researcher's stance can be best described as participant-as-observer. This position
is characterised by active involvement in the setting while maintaining complete trans-
parency about the research purpose, with participants explicitly informed of the re-
searcher's role (Easterby-Smith et al., 2021). This stance was particularly appropriate
given the professional relationship between the researcher and the participants. The
researcher was already embedded within the organisation under investigation and had
established longstanding professional ties with the participants. This trust-based rela-
tionship facilitated more open interactions, enabling access to deeper insights that

would likely remain inaccessible in a single-visit interaction (Takyi, 2015).

A key feature of the participant-as-observer stance is the opportunity for informal con-
versations between the researcher and participants during observation. Charmaz (2014)
posited that informal conversations during the observation process represent an opti-
mal combination of the advantages inherent to both interviews and observations. This

is because informal conversations are grounded in the immediate context of observed
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behaviours, providing concrete reference points for exploring participants' actions, ex-
periences, and emotions (Charmaz, 2014). This contextual anchoring enriches the depth
of the data collected. Furthermore, for individuals unfamiliar with formal interview set-
tings, such as shop-floor employees, informal conversations often provide a more com-

fortable means of expression.

The participant observations aimed to develop a foundational understanding of the
manufacturing process—both with and without collaborative robots—and to derive
meaningful and context-specific questions for the interviews. Consequently, the obser-
vations were intentionally designed to be exploratory and less formalised. Thus, the fo-
cus was to gather a broad range of data, including primary observations, secondary ob-
servations, experiential data, and contextual data (Saunders et al., 2023). These data
types were based on participants' statements, interpretations and perceptions of the
observer, or situational insights derived from the context. All these data types were col-
lected during the observations in the current study. The initial step was to take notes
during the observation period, including participants' verbatim statements. As Easterby-
Smith et al. (2021) suggested, these initial notes were promptly expanded into compre-
hensive field notes to preserve the richness of the observational data. To prevent mis-

interpretations, the field notes were subsequently reviewed by the participants.

The participant observations for the current study took place between June and October
2023. Each of the eight observations lasted between 35 and 45 minutes and focused on
either manufacturing with or without collaborative robots. On average, each field note
comprised about three pages, resulting in 22 pages. The saturation point was reached
after the fourth observation in both observation settings. Based on the field notes, this
was determined through initial coding and preliminary theme development. At this
stage, no new codes or themes emerged to formulate questions for the subsequent
semi-structured interviews. This outcome aligns with the definition of data saturation
by Islam and Aldaihani (2022). In this context, themes are understood as recurring pat-
terns of meaning or behaviour identified within the data. Research findings derived from
participant observations are often highly context-specific and relevant to the observed
setting (Allen, 2010). Thus, participant observation was instrumental in ensuring authen-
ticity and producing credible research findings in the present study. However, despite

its strengths, Bositis (1988, p. 333) argues that this research method is "more complex
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and therefore more misunderstood" than any other method. Given these complexities,
it is essential to clearly define the researcher's stance and focus on the methodological
challenges inherent in this approach. The most commonly cited issues are observer er-

ror, observer bias, and the observer effect (Saunders et al., 2023).

According to Saunders et al. (2023), observer error may occur either from a lack of fa-
miliarity with the research context or, conversely, over-familiarity with the phenomenon
under investigation, resulting in possible unintentional misinterpretation. In the present
study, the risk of observer error is reduced due to the researcher's familiarity with the
context in which the work is conducted while maintaining a sufficient distance from the
work process under observation. The second issue, observer bias, is related to the re-
searcher's subjective interpretation of the setting (Saunders et al., 2023). In the current
study, this issue was addressed through informant verification. The participants were
asked to read the field notes and correct any misinterpretations to enhance the credi-
bility and accuracy of the recorded data. The third issue is the observer effect, which
involves the possibility that the mere presence of the researcher may alter participants'
behaviour (Saunders et al., 2023). Based on the participant-as-observer stance, this is-
sue was mitigated using the existing trust-based relationship between the researcher

and the participants (Oswald, Sherratt, & Smith, 2014).

Furthermore, in this thesis, several additional measures were implemented to mitigate
the impact of the aforementioned issues. These included the systematic documentation
of observations, including detailed descriptions of the setting, verbatim quotations, and
reflexive notes reflecting the researcher's thoughts and positionality, as suggested by
Willig (2022). In addition, several observations were carried out with different partici-

pants to provide a broader and trustworthy dataset.

Overall, all identified methodological concerns associated with this method were sys-
tematically addressed using appropriate mitigation strategies. Notwithstanding, it is im-
perative to acknowledge that participant observation was not the sole method of data
collection. To enhance the breadth and depth of the empirical evidence, all participants

involved in the observations were subsequently included in the interview phase.
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3.4.3.3 Semi-structured interview

The study's primary data collection method was semi-structured face-to-face inter-
views. This method served as a valuable complement to participant observations by cap-
turing human experience that cannot be directly observable, such as thoughts, feelings,
and the meaning participants attach to specific situations (Patton, 2015). As Patton
(2015, p. 427) notes, interviewing allows the researcher to "enter into the other person's
perspective". For the current study, semi-structured face-to-face interviews were cho-
sen due to their methodological flexibility. For instance, this method enables the inter-
viewer to adapt the sequence of questions and to introduce follow-up or probing ques-

tions if required to gain further insight into the research objectives (Young et al., 2018).

In the present study, the semi-structured interview approach was deemed the most ap-
propriate compared to highly structured or unstructured formats. This type of interview
is particularly well-suited to exploratory research (Saunders et al., 2023). In addition,
this interview format is particularly advantageous when engaging participants across
varying organisational hierarchies (Soltani, Barnes, Syed, & Liao, 2012). This was critical
due to the inclusion of two distinct groups interviewed: shop-floor employees who in-
teract directly with collaborative robots and their immediate supervisors. Including both
groups was essential to a multifaceted understanding of the phenomenon under inves-

tigation and addressing the research questions from diverse perspectives.

To ensure methodological rigour, the semi-structured interview followed the six-step
process outlined by Lucas (2005). These steps include (1) articulating the goals for the
interview process, (2) recapping well-known information, (3) developing a set of ques-
tions for the interviews, (4) strategising the interview structure, (5) executing the inter-
view process, and (6) conducting a follow-up with the participants (Lucas, 2005). Each

of these steps is described in more detail in the following subsections.

Step 1: Articulating the goals for the interview process

The initial step in the interview process is to define the goal for the interview, ensuring
alignment with the overarching research objectives of the study (Lucas, 2005). In this
case, the primary objective was to explore the critical factors affecting acceptance of
collaborative robots within a healthcare manufacturing context and identify how these

acceptance-related factors shape system performance. A further objective was to derive
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actionable recommendations for creating conditions that promote favourable user re-
sponses towards the integration and utilisation of collaborative robots on the shop floor,
drawing specifically on factors influencing such responses. Given the centrality of quali-
tative data in this case study, the main goal of the interviews was to serve as a principal

means of obtaining in-depth insights.

Step 2: Recapping well-known information

According to Lucas (2005), this step is crucial to formulating meaningful and contextually
relevant questions, as existing knowledge is implicitly embedded in the interview ques-
tions. In the current study, the outcomes of the document analysis and the field notes
generated from the participant observations jointly constitute the foundational under-
standing of the case under study. This served as a critical starting point for a more fo-
cused approach to data collection, aligning with the principles of grounded theory meth-

odology (Willig, 2022).

Step 3: Developing a set of questions for the interviews

In the third step, two distinct interview protocols were developed to address the differ-
ing perspectives of the two groups of participants, namely the employees directly inter-
acting with the collaborative robots and the immediate managers of those employees.
The development of these protocols was grounded in the thematic patterns identified
during the participant observations. This approach ensured the continuity between the

different data collection methods.

To enhance the clarity of the interview questions, they were categorised according to
the six types of interview questions defined by Patton (2015): (1) experience and behav-
iour questions, (2) opinion and value questions, (3) feeling questions, (4) knowledge
questions, (5) sensory questions, and (6) background and demographic questions. This
typology clarified the intent of each question, supporting the development of clear ex-
pectations regarding the nature of participants' responses. Moreover, such categorisa-
tion facilitates comparability across participants' responses, as Patton (2015) recom-
mended, providing a solid foundation for subsequent data analysis. A mapping of the

interview questions to these categories is provided in Appendix B.

The first part of the interview protocol involved background and demographic ques-

tions. These questions gathered information on participants' age, gender, educational
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gualifications, the relevance of these qualifications to their current position, and their
professional experience. For employees directly interacting with collaborative robots,
additional questions addressed the frequency and nature of their interaction with the
technology. Collecting this background and demographic information was used to de-
scribe the sample, to compare different groups based on certain characteristics, and to
ensure that the findings are appropriately contextualised according to key participant

characteristics.

The interview then progressed from general to more specific questions related to the
research topic, in line with the funnel approach. Participants were encouraged to use
illustrative examples to express their perspectives on the topic, thereby facilitating the
recall of personal experiences, as suggested by Jafari, Taheri, and Vom Lehn (2013). The
interview questions focused primarily on the participants' structural, individual, and so-
cial perspectives on engagement with collaborative robots—addressing respectively or-
ganisational processes, personal attitudes and experiences, and collective interactions
and changes within the team. They were complemented by questions relating to the
perceived impact on productivity and system performance. Each interview concluded
with an open-ended prompt inviting participants to share any additional insights not yet

covered in the interview process.

Step 4: Strategising the interview structure

The scheduling of interviews followed the stepwise procedure outlined in the theoretical
sampling strategy previously described. All interviews took place on the premises of the
participating organisation to ensure accessibility and high convenience for the partici-
pants. To foster trust and openness, participants were explicitly informed of the confi-
dentiality of their responses. The complete set of questions was not shared with the
participants in advance to minimise the risk of peer influence. Nonetheless, the general
topic of the interview and its key thematic areas were disclosed in advance to ensure

time for reflection.

Step 5: Executing the interview process
Each interview commenced with a formal introduction to the study, during which par-
ticipants were provided with the participant information sheet, followed by signing an

informed consent form. The participant information sheet and consent form are pre-

-101-



sented in Appendix C.1 and Appendix C.2. In line with the methodological guidance of-
fered by Merriam and Tisdell (2016), a pilot study of three interviews was conducted
before the primary data collection phase. This procedure is vital in determining the clar-
ity and comprehensibility of the questions, the relevance of the elicited answers in
achieving the overarching research objectives, and the necessity for additional ques-
tions based on the participants' responses (Merriam & Tisdell, 2016). Following the anal-
ysis of the pilot interviews, several questions were rephrased, while others deemed re-
dundant were removed or replaced. The main study was then conducted using the re-
vised semi-structured interview protocol suggested by Merriam and Tisdell (2016). The

revised and finalised interview protocols are provided in Appendix B.

During the interviews, probing techniques such as personal probing and vignettes were
employed to elicit more nuanced responses from the participants, as Lim (2024) recom-
mended. The former involves the disclosure of personal experiences and perspectives
related to the research context, while the latter pertains to the researcher's presenta-
tion of hypothetical yet realistic scenarios involving collaborative robots (Lim, 2024). As
per Patton's (2015) classification, the questions most conducive to personal probing in-
clude questions related to participants' experiences and behaviours, opinions and val-
ues, and feelings. For instance, probing was conducted using vignettes with questions
such as: "What would it be like if additional cobots were to be introduced into your work-
place?" or "What would it be like if you only worked with cobots?" Such scenario-based
prompts enabled the researchers to ascertain how participants might respond to poten-

tial future developments.

Of the 27 semi-structured interviews, participants consented to audio recording in 26
cases. In these audio-recorded interviews, supplementary notes were taken throughout
the interview to capture contextual nuances and non-verbal cues. This practice also re-
inforced the perceived value of participants' contributions, as Lucas (2005) recom-
mended. In the only interview where the participant declined audio recording, detailed
notes were taken, including verbatim statements. To ensure comparability across all in-
terviews, audio recordings and interview notes were transcribed immediately following

each session, as suggested by Tajeddini and Trueman (2008).

For audio-recorded interviews, the initial transcription was conducted using f4transkript

software. In the next step, the researcher reviewed each recording several times to cre-
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ate the final transcript. Following the recommendations of Lofland, Snow, Anderson,
and Lofland (2022), the content of each interview was examined shortly after transcrip-
tion to ensure no meaning distortion of the data. Special attention was paid to critical
statements from participants directly addressing the core elements of the research ob-
jectives (Tajeddini, Ratten, & Denisa, 2017; Tajeddini & Trueman, 2008). The audio-rec-
orded interviews lasted between 35 and 65 minutes, while the one without recording
lasted 1.5 hours. All interviews were conducted between October 2023 and June 2024.
On average, each interview transcript comprised approximately 12 pages, resulting in

330 pages.

The first group, comprising employees directly interacting with the collaborative robots,
consisted of 17 participants. These participants were further distinguished based on
their position and the frequency of interaction with the collaborative robot. After com-
pleting 14 interviews, it was determined that theoretical saturation had been achieved.
However, three further interviews were conducted to ensure greater accuracy, as
Gamage, Tajeddini, and Tajeddini (2022) suggested. This resulted in a total of 17 inter-
views in the first group. Most of these interviews were completed before engaging with
the second group to ensure managers did not influence the interpretation of the em-

ployees' responses.

The second group consisted of 10 direct managers. After the eighth interview, the satu-
ration point was reached for this group. Following the same rationale applied in the first
group, two further interviews were conducted to increase confidence in the findings
(Gamage et al., 2022). The theoretical saturation was achieved more quickly in the sec-
ond group, which can be attributed to its greater homogeneity than the first group. De-
termining the saturation point for both groups followed the principles outlined by Islam
and Aldaihani (2022). After reaching the stated saturation point in both groups, no new
codes or themes emerged during the initial coding process, confirming theoretical satu-

ration.

Step 6: Conducting a follow-up with the participants
The final stage of the formalised interview procedure, as outlined by Lucas (2005), in-
volved a participant review of the interview transcripts. As part of this process, partici-

pants were invited to verify the accuracy of their transcripts and to clarify specific as-
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pects where necessary. The responses provided by the participants were incorporated
into the respective transcript, enhancing the accuracy and trustworthiness of the data

collected.

In the context of semi-structured interviews, several potential sources of bias need to
be considered, including interviewer bias, response bias, and participation bias (Saun-
ders et al., 2023). Interviewer bias refers to the unintentional influence exerted by the
interviewer on the participant, either through verbal or non-verbal behaviour (Saunders
et al., 2023). To mitigate this bias, all participants were explicitly informed before the
interviews that their genuine views were essential to the integrity of the study. During
the interviews, the questions were posed in a neutral tone, without making any personal
judgements. Response bias, while similar in its consequences, originates from the par-
ticipant's perception of the interviewer, which may influence them to tailor their re-
sponses in a socially desirable manner (Furnham, 1986). This was also addressed
through the same mitigation strategies mentioned above. Furthermore, the trust-based
relationships between the researcher and participants reduced the response bias. In ad-
dition, the pilot study, the overall number of interview participants, and the use of clar-
ifying questions during the interviews each contributed to reducing this kind of bias
(Saunders et al., 2023). Finally, participation bias or non-response bias refers to the dif-
ferences between those willing to participate in the study and those not, potentially
skewing the findings (Saunders et al., 2023). To address this, efforts were made to en-
sure maximum accessibility and convenience for all potential participants while main-
taining the confidentiality of the data collected. Following the completion of the data
collection process and a thorough evaluation of the potential biases inherent in each

method, the focus now shifts to the data analysis phase.

3.4.4 Data analysis

Before discussing the data analysis process, it is necessary to consider the language used
in data collection and analysis within the current study. All data collection activities were
conducted in German, constituting the primary corporate language of the organisation
under investigation. This approach ensured the participants could speak freely and ex-
press their thoughts without language restraints. As both the participants and the re-
searcher were native German speakers, this did not cause any problems during the data
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collection phase. However, given that the thesis is written in English, a key methodolog-
ical consideration arose regarding the appropriate point in the research process at which
translation should occur. Suh, Kagan, and Strumpf (2009) identify three possible stages
for translation: (1) before analysis, (2) during analysis, and (3) after analysis. They advo-
cate for translation during the analysis phase, as this approach best preserves the se-
mantic integrity of the original data while maintaining the authenticity of participants'
perspectives and ensuring the authenticity of the findings (Suh et al., 2009). This recom-
mendation was followed in the current study. Consequently, the secondary data sum-
maries, field notes, and interview transcripts were retained in German, while the analy-

sis commencing from initial coding onward was conducted in English.

Accordingly, the research remained in the original language as long as possible, con-
sistent with van Nes, Abma, Jonsson, and Deeg (2010) recommendations, preserving the
contextual and cultural nuances embedded in the data, while still ensuring a fluent
transfer of the research findings into English. However, translating critical participant
statements for inclusion in the thesis raised concerns about data trustworthiness and
interpretive accuracy. As van Nes et al. (2010) advised, the translation process was con-
ducted in collaboration with a translator familiar with the research context to address
these challenges. Furthermore, for most statements, translated excerpts were reviewed

by the respective participants to minimise the risk of misinterpretation.

Following determining the language used for data analysis, the next step involved se-
lecting the most suitable method of data analysis. The following subsections provide a
detailed account of the critical aspects of data analysis, starting with an overview of the

data analysis process employed.

3.4.4.1 Process overview

The relationship between the data collection and analysis needs to be considered in
gualitative research. At one end of the methodological continuum lies a linear sequen-
tial approach, in which data collection is completed before commencing data analysis
(Kennedy & Thornberg, 2018). At the other end, an iterative approach is used, where
the researcher continuously moves between data collection and data analysis, allowing

insights generated through preliminary analysis to inform subsequent data collection
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(Kennedy & Thornberg, 2018). This thesis has chosen an approach that is clearly on the
iterative side of the continuum. According to Merriam and Tisdell (2016), this recursive
and dynamic process is one of the critical elements of a qualitative study. Furthermore,

it is also an essential aspect of a constructivist grounded theory study (Charmaz, 2014).

As an applied methodology, constructivist grounded theory provides a rigorous frame-
work for data analysis aimed at constructing theory grounded in empirical evidence.
Charmaz (2017) argues that this approach extends beyond a purely inductive logic. In-
stead, it enables the researcher to engage in a dynamic interplay of inductive, abductive,
and deductive reasoning to develop and refine theoretical insights iteratively (Charmaz,
2008). Thus, constructivist grounded theory is a demanding approach, particularly suit-
able when the goal is to develop a fully-fledged theory. However, developing a full-
fledged grounded theory was not in line with the thesis objectives. Instead, the study
focuses on identifying the critical factors influencing acceptance of collaborative robots
and developing a conceptual framework grounded in the collected data to illustrate how

acceptance-related factors are associated with system performance.

Consequently, the aims of this thesis could be more appropriately addressed through
thematic analysis than through a grounded theory approach, as Braun and Clarke
(2021a) outlined. These scholars provide a set of evaluation criteria that can be used to
determine the suitability of thematic analysis for a given study, particularly in compari-

son to grounded theory.

Thematic analysis is widely regarded as the preferable approach when the objective of
the study is to identify and interpret theoretically informed patterns of meaning within
the data rather than to generate a full-fledged theory (Braun & Clarke, 2021a). Further-
more, thematic analysis is recognised for its relative accessibility and methodological
transparency, making it especially suitable for researchers with limited prior experience
in qualitative research (Braun & Clarke, 2021a). This aspect should not be overlooked,

given that the researcher has only limited experience in qualitative research.

Based on the above factors, thematic analysis was identified as the most appropriate
data analysis technique. However, the researcher argues that the thematic analysis
should be embedded in the broader methodological framework of constructivist
grounded theory. This positioning is particularly relevant in light of the inherent flexibil-

ity of thematic analysis, which can be described as a method rather than a methodology
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lacking ontological and epistemological stances (Willig, 2022). Besides this extensive
flexibility, in this study, thematic analysis is employed within a constructionist paradigm,
consistent with Braun and Clarke's (2006) recommendation that thematic analysis can
be effectively applied in constructionist research. Accordingly, the methodological
framework of the current study draws on key principles of constructivist grounded the-
ory, including theoretical sampling, the constant interaction between data collection
and analysis, and theoretical saturation (Charmaz, 2014). This methodological frame-
work informs the adoption of a specific variant of thematic analysis, reflexive thematic

analysis, as the analysis technique best aligned with the study objectives.

In this thesis, the term "constructionist" is used in line with Braun and Clarke's (2021)
positioning of reflexive thematic analysis within a constructionist paradigm and is fur-
ther consistent with the continuum of epistemological positions described by Easterby-
Smith et al. (2021). By contrast, "constructivist" refers specifically to Charmaz's (2014)
use of Constructivist Grounded Theory. These terms are therefore employed in a con-

text-dependent manner.

Using reflexive thematic analysis is also supported by its emphasis on the researcher's
active role in the knowledge-creation process, aligning closely with constructivist
grounded theory (Braun & Clarke, 2019). Consequently, reflexive thematic analysis was
employed to examine the qualitative data collected in the present study. This approach
facilitates identifying, analysing, and reporting patterns within the data and developing

theoretically informed interpretations, as articulated by Braun and Clarke (2021a).

Thematic analysis has gained prominence as a widely utilised method for qualitative
data analysis, particularly following the introduction of the six-phase guide by Braun and
Clarke (2006). The current thesis employs reflexive thematic analysis, which is based on
Braun and Clarke's step-by-step guide, along with the subsequent methodological re-
finements articulated by the authors. These phases are as follows: (1) familiarisation
with the collected data, (2) generation of initial codes, (3) identification of themes, (4)
review of themes, (5) definition of themes, and (6) writing-up (Braun & Clarke, 2006).
The six phases of the data analysis process are shown in Figure 3-4, positioned within
their broader strategic purpose and iterative analytical trajectory, as outlined by Spen-

cer, Ritchie, Ormston, O'Connor, and Barnard (2014).
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The approach of reflexive thematic analysis encompasses three modes of reflexivity: (1)
personal reflexivity, which addresses how the researcher's own experiences, values, and
identity inform and shape the research process and its findings; (2) disciplinary reflexiv-
ity, which involves reflecting on how disciplinary positions and perspectives influence
the research's framing and interpretation; and (3) functional reflexivity, which entails
critically considering the research design and methodological decisions (Braun & Clarke,
2022). Collectively, these modes of reflexivity encourage a thoughtful and context-sen-

sitive approach to knowledge production.

Before the initial phase of data analysis began, several key methodological decisions had
to be made, which are also depicted in Figure 3-4. One such decision involved determin-
ing the coding approach for generating patterns or themes. The current thesis adopts
an inductive approach to coding, aligned with the constructivist grounded theory meth-
odology underpinning the study. As such, theme development was grounded in the data
rather than driven by a pre-existing theoretical framework, reflecting what Terry,

Hayfield, Clarke, and Braun (2017) describe as a data-led approach.

Another critical consideration concerned the level at which themes were to be identi-
fied, either at a semantic or latent level (Boyatzis, 1998; Braun & Clarke, 2006). In this
study, the focus was on the latent level, which permitted an analysis that exceeded the
superficial aspects of the phenomenon and incorporated the researcher's interpretive

work as described by Braun and Clarke (2021a).

Strategic Objectives

Data management Abstraction and interpretation

Analysis Phases
Approach for coding: Inductive

Level of theme identification: Latent

Phase 1 Phase 2 Phase 3 Phase 4 Phase 5 Phase 6
Familarisation|| Generation || Identification Review of Definition Writing-up
with data of initial of themes of themes
codes themes
L4 L4 4 L4

Iterative Stages

Figure 3-4: Data analysis process (Sources: Braun & Clarke, 2006, p. 83 ff.; Spencer et
al., 2014, p. 282)
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The data analysis process was facilitated by qualitative data analysis software, the spe-
cific details of which are outlined in the following subsection. This software played a vital
role in organising, coding, and analysing complex qualitative data, ensuring a systematic

and structured data analysis approach, as Braun and Clarke (2006) suggested.

3.4.4.2 Using qualitative data analysis software

Numerous scholars have highlighted the advantages of using computer-assisted quali-
tative data analysis software in qualitative research (AlYahmady & Al Abri, 2013; Carcary,
2011; Castleberry & Nolen, 2018; Olapane, 2021). These benefits are particularly perti-
nent to the current study. Given the qualitative nature of this study, which involves large
volumes of data, including 330 pages of interview transcripts, 22 pages of field notes,
and 18 pages of secondary data summary, managing and analysing these data manually
would be time-consuming and potentially detrimental to the accuracy and depth of the
findings. Thus, the present study employed NVivo, a computer-assisted qualitative data
analysis software, to enhance data organisation, support analytical rigour, and improve
time efficiency. The software facilitated the systematic coding and retrieval of data, al-
lowing the researcher to focus more time on the analysis process (AlYahmady & Al Abri,
2013). However, it is imperative to acknowledge that this software is merely a tool de-
signed to assist researchers in the analysis process, and the integrity, depth, and theo-

retical relevance of the analysis remain the responsibility of the researcher.

In summary, the utilisation of NVivo in this research was not merely due to convenience
but rather a methodological necessity to ensure traceability, efficiency, and analytical
rigour of the data analysis process. The benefits of using NVivo substantially contributed
to the credibility and trustworthiness of the research findings, thus rendering NVivo an
indispensable tool in achieving a structured and methodologically sound analysis in this
study. Having established the rationale for using NVivo for data management and anal-
ysis, the following subsection outlines the reflexive thematic analysis process, as defined

by Braun and Clarke (2006).
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3.4.4.3 Six phases of reflexive thematic analysis

The entire data analysis process employing reflexive thematic analysis was guided by
two strategic objectives: data management and data abstraction and interpretation, as
defined by Spencer et al. (2014) and illustrated in Figure 3-4. This process was further
framed within the iterative stages outlined by Spencer et al. (2014): organising the data,
describing it by developing and refining codes and themes, and explaining it by inter-
preting key patterns and their interrelationships. Moreover, the reflexive thematic anal-
ysis process, detailed phase-by-phase in the following subsections, was augmented by
methodological insights from Naeem, Ozuem, Howell, and Ranfagni (2023). It should be
noted, however, that these phases were not applied strictly linearly. Instead, they were

engaged recursively, as previously described.

Phase 1: Familiarisation with the collected data

In the initial phase of the analysis, a secondary data summary was compiled, field notes
were systematically organised, and the transcription was completed and stored in a
structured format. Subsequently, the data were sequentially imported into the qualita-
tive data analysis software NVivo. A general familiarisation of the data followed this
through re-reading and the development of initial coding ideas, as Braun and Clarke
(2006) suggested. Consequently, the data collected through different data collection
methods facilitated data triangulation at two distinct levels, as Flick (2018b) conceptu-
alised. The triangulation framework in the current study was grounded in synthesising
familiarisation notes from each interview, field notes of the participant observations

conducted, and the secondary data summary.

The initial level of triangulation concerns the subset of participants who were observed
during the participant observation phase and subsequently participated in semi-struc-
tured face-to-face interviews. In the present study, this subset comprised six partici-
pants. Following the guidelines by Flick (2018b), this approach enabled a comparison
between the behaviours and informal remarks recorded during observation and the for-

mal responses elicited during the interviews at the individual level.

At the second level of triangulation, the findings derived from data collected using one
data collection method were compared against those obtained from the other methods

(Flick, 2018b; Sandikci, Jafari, & Fischer, 2024). This level of triangulation in the current
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study encompassed the integration and cross-comparison of data from eight participant
observations, 27 semi-structured interviews, alongside a secondary data summary. The
synthesis of observational and interview data across distinct participant groups en-
hances the depth and breadth of the analysis. Observational data provides insights into
actual behaviours and interactions within the workplace context, whereas interview
data sheds light on the participants' opinions, attitudes, and experiential backgrounds.
Significantly, including two interrelated participant groups—employees and their direct
line managers—enabled a nuanced understanding of the phenomena under investiga-

tion by capturing dyadic relational dynamics.

Phase 2: Generation of initial codes

The analytic procedure in this phase of Braun and Clarke's (2006) reflexive thematic
analysis was enriched by identifying keywords directly derived from the data, as Naeem
et al. (2023) suggested. These keywords are grounded in participants' lived experiences
and deepen the contextual relevance of the analysis (Naeem et al., 2023). This phase
involved structuring the relevant data into meaningful groups during coding (Tuckett,
2005). The data were thus subjected to a process of deconstruction, whereby the data
were first organised into preliminary non-hierarchical codes. This broke the data down
into manageable coded segments, which formed the basis for identifying patterns or
themes in the data. Each piece of data that could contribute to the stated research ob-
jectives was coded as recommended by Byrne (2022). In this phase, NVivo was used as

qualitative analysis software to support this process.

The data were not coded simultaneously but analysed sequentially, reflecting the itera-
tive and recursive nature of the data analysis process (Braun & Clarke, 2006). This itera-
tive approach allows the researcher to review and refine the preliminary codes devel-
oped continually. It also permits addressing any ambiguities or questions during the
analysis, ensuring that the coding framework remains responsive to the evolving context

(Byrne, 2022).

Phase 3: Identification of themes
This phase took place concurrently with the data collection process of this study, reflect-
ing the recursive nature of the qualitative inquiry. In this phase, all generated codes

were analysed to derive overarching themes (Braun & Clarke, 2006). Consequently, the
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codes were structured hierarchically in NVivo, facilitating the emergence of preliminary
themes. At this point, the focus of analysis shifted from the individual data item within
the dataset to overarching interpretations across the dataset, as Byrne (2022) sug-
gested. In this phase, a theme designated "miscellaneous" was also introduced, as Braun
and Clarke (2006) proposed accommodating codes that did not initially align with the

developed themes.

The results were visualised in thematic maps, following the approach outlined by Terry
et al. (2017). The thematic maps were employed to illustrate the constructed codes and
themes, as well as the relationships between them and their respective levels. These
maps facilitated a deeper understanding of how the themes were interconnected and
how they collectively represented the underlying structure of the data. The iterative na-
ture of the analysis process was evident in the repeated refinement of the map, as the

researchers sought to capture the nuanced complexity of the data accurately.

Phase 4: Review of themes

The review process involved a rigorous evaluation of the initially developed themes to
assess their coherence between codes and themes and between themes and the overall
dataset (Braun & Clarke, 2006). First, this involved analysing the themes generated from
the raw data and then refining these themes. This process was undertaken to ensure
that each theme is distinctive and captures specific aspects of the data (Braun & Clarke,
2006). Second, this was complemented by re-examining the themes in the context of
the complete dataset, enabling the verification and further refinement of the themes
identified to ensure that they accurately represent the data collected, as Braun and
Clarke (2006) stated. This inherently iterative approach enables the researcher to main-
tain flexibility and responsiveness to novel insights that emerge from the data (Byrne,
2022). Consequently, several preliminary themes were merged, split or discarded, lack-
ing substantial data support and internal coherence. NVivo software was employed
throughout this process to support the systematic organisation, comparison, and modi-

fication of themes.

This phase aimed to conceptualise the themes as "patterns of shared meaning" (Braun
& Clarke, 2019, p. 592). To support this, the previously constructed thematic maps were

systematically revised to incorporate the refinements made during the review phase.
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Phase 5: Definition of themes

This phase drew upon the thematic map developed in Phase 4, as suggested by Braun
and Clarke (2006). At this stage, the names of the themes were defined and refined ac-
cording to the scope and focus of each theme (Braun, Clarke, Terry, & Hayfield, 2019).
The process involved articulating concise and informative theme names that encapsu-
lated the central organising concept of each theme, thereby providing a clear entry point
for interpretation (Braun & Clarke, 2006). Furthermore, this phase aimed to present a
detailed analysis of each theme in relation to the research question while also exploring
the interrelationships among the themes (Braun & Clarke, 2006). This phase is summa-
rised in the definitions of the themes and their associated codes, which are presented
in Appendix E. The analysis yielded twelve themes. Ten themes identify factors influenc-
ing the acceptance of collaborative robots in healthcare manufacturing, while two addi-

tional themes specifically address acceptance itself and system performance.

In this phase, the researcher also identified critical data excerpts for inclusion in the
write-up phase, as suggested by Byrne (2022). This task aimed to select quotations that
best illustrate the essence of each theme. The selection of these extracts was driven by
their clarity, vividness, and capacity to elucidate the theme's core meaning (Braun
& Clarke, 2006). Therefore, the selection process was designed to illustrate the diversity
and breadth of participants' opinions while avoiding over-reliance on any single partici-
pant or subgroup. This was achieved by ensuring balanced representation across roles,
specifically between employees and managers, and the distribution of excerpts among

individual participants. An overview of the selected excerpts is provided in Appendix E.

Phase 6: Writing-up

The final phase of the process aimed to provide a multifaceted overview of the data
collected, presented as a written report. As Braun and Clarke (2006) emphasised, this
report must include carefully selected data excerpts referred to as "critical statements"
to substantiate and exemplify the identified themes. Furthermore, it is important to
acknowledge that these data excerpts are embedded within an analytic narrative, which
illustrates the "story" of the data (Braun et al., 2019). The findings of the thematic anal-
ysis of the present study are reported in Section 4.4, addressing the first research objec-
tive of this thesis. The writing process was iterative, during which the researcher contin-
ually revised and refined the analytical narrative to enhance clarity, coherence, and
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depth. Feedback from academic supervisors was systematically integrated, contributing
to the critical development and articulation of the findings presented in Chapter 4. Fi-
nally, it should be noted that reflexive memos were maintained throughout the research
process to document the researcher's positionality and evolving interpretations, as sug-

gested by Nowell et al. (2017).

After completing the six phases of reflexive thematic analysis as delineated by Braun
and Clarke (2006), the researcher has obtained a deeper and more nuanced understand-
ing of the data. Each phase of this analysis process, namely familiarisation, initial coding,
theme searching, theme reviewing, theme defining and naming, and writing-up, has
contributed incrementally to extracting rich, meaningful insights from the data. Thus,
the foundation is established for translating thematic insights into a structured concep-
tual framework at this stage of the reflexive thematic analysis process (Naeem et al.,

2023).

3.4.4.4 Development of a conceptual framework

The objective of this subsection is to delineate the development of a conceptual frame-
work grounded in the findings of the reflexive thematic analysis. It is, therefore, neces-
sary to discuss the connection between the findings and the construction of the concep-
tual framework, demonstrating how the identified themes inform and structure it. A
visual representation is provided to facilitate a clear explanation of this process in Figure
3-5.

The following figure is mainly inspired by the visual representation developed by Naeem
et al. (2023), adapted to reflect the outcomes of the reflexive thematic analysis con-
ducted in this study, as outlined in the preceding subsections. Thereby, Figure 3-5 visu-
alises the results obtained from each phase of the reflexive thematic analysis process,
starting with the transcript, the selected keywords, and the developed codes, and cul-
minating in the coding hierarchy, resulting in a coding structure and the generated
themes (Braun & Clarke, 2006; Naeem et al., 2023). This figure illustrates the intercon-
nection among the various outputs of each phase, laying the empirical foundation for

developing the conceptual framework.

-114-



The components depicted in Figure 3-5 illustrate the themes presented in the findings
chapter. This visual representation aims to facilitate comprehension of the findings by
enhancing readability and clarity, thereby enabling readers to grasp the overall structure
and key insights derived from the data. Consequently, each visualisation concisely over-

views the relevant keywords and associated codes underpinning the respective themes.

The right-hand section of Figure 3-5 illustrates the subsequent development and con-
ceptualisation of the conceptual framework, derived from the interpretation and syn-
thesis of the identified keywords, codes and themes. This visualisation demonstrates
how the emergent themes were integrated into a coherent framework, highlighting
their interrelationships and overarching structural configuration. The resulting concep-
tual framework thus facilitates comprehension of the structure and dynamics of the data
(Naeem et al., 2023). Consequently, this part of the data analysis directly addresses the

second research objective.

Phases of reflexive thematic analysis
Phasel Phase2 Phase3 Phase4 Phase5 Phase6
Keywords H  Code Main code
Interpretation
Theme:1 |——

o |Keywords| Code

s Y

oS Main code Concepts
- + |Keywords—{ Code Conceptualisation
2 3 through interpreta-

= .
g o Keywords 1 Code tion of keywords,
SR Rs ] codes and themes
- n Main Code y
ol =

2 | Keywords[| Code

g Theme: 2 Interpretation

- Keywords[| Code

Main code
Conceptual
Keywords—| Code framework .
Development of
conceptua
framework through
arrows and boxes
Organising Describing Explaining
Iterative stages

Figure 3-5: Reflexive thematic analysis process: Phases of conceptual framework devel-
opment (Source: Braun & Clarke, 2006, p. 87; Naeem et al., 2023, p. 4, Spencer et al.,
2014, p. 282)
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Furthermore, the conceptual framework bridges the detailed findings of the reflexive
thematic analysis and their broader theoretical and practical implications, enhancing the
overall impact and utility of the research (Naeem et al., 2023). The conceptual frame-
work provides a structured lens through which the empirical insights can be interpreted
and applied, forming the foundation for addressing the third research objective. Specif-
ically, this objective focuses on deriving practical implications from the research find-
ings.

Following the comprehensive delineation of the various phases of the data analysis pro-
cess, it becomes essential to turn attention to the ethical considerations that play a piv-
otal role throughout the study. Ethical integrity ensures the research is conducted trans-

parently, responsibly, and respectfully, safeguarding all participants' rights and well-be-

ing.

3.5 Ethical considerations

According to van den Hoonaard (2002), ethical considerations in research include both
the external and the internal contexts of the study. Ethical issues from the external con-
text relate to core ethical principles such as beneficence and non-maleficence, informed
consent, confidentiality, and anonymity (van den Hoonaard, 2002). Conversely, ethical
issues originating from the internal context are associated with the study design (van

den Hoonaard, 2002).

The ethical considerations underpinning this research are primarily informed by Shef-
field Hallam University's "Research Ethics Policy and Procedures" (Sheffield Hallam Uni-
versity Research Ethics Committee, 2020). The university's policy itself is anchored in
internationally recognised standards, including the Declaration of Helsinki and the Re-
search Ethics Framework of the Economic and Social Research Council (Sheffield Hallam
University Research Ethics Committee, 2020). For the purposes of this study, these con-
siderations are discussed in terms of both internal and external ethical contexts, reflect-
ing the multifaceted nature of research ethics. The core ethical principles applied in the
present study are outlined in the following table. Furthermore, Table 3-2 demonstrates

how these principles were addressed throughout the study.
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Context | Guiding Incorporation of ethical guiding principles
principles within this research

Beneficence & Participants were informed about the researcher's role.

Non-maleficence | Participants were always treated with respect.

Participants were thoroughly informed about the study.

External | Informed Consent . .
Consent could be withdrawn at any time.
Confidentiality/ Participant names were changed to pseudonyms.
Anonymity Interviews were transcribed by the researcher (+ software).
Intearit Field notes and transcripts were checked by participants.
ntegrity . .
Translated statements were reviewed by participants.
Internal
Independence/ Interpretations were grounded in verified statements.
Impartiality Potential conflicts were discussed with supervisors.

Table 3-2: Ethical considerations based on Sheffield Hallam University's Ethics Guide-
lines (Source: Sheffield Hallam University Research Ethics Committee, 2020, p. 2 ff.)

Based on the assessment presented in Table 3-2, together with the guidelines of the
research management system for ethics review, this study has been classified as a very
low-risk study for human participants. This classification is based on the following fac-
tors: (1) participants are not vulnerable, (2) there is no foreseeable risk of physical or
emotional harm, (3) the study does not entail any potential pain, (4) the study does not
address a sensitive topic, (5) all participants give informed consent, (6) there is no covert
observation, and (7) no drugs, food substances or invasive procedures are being admin-
istered (Sheffield Hallam University - The Research and Innovation Office, 2023). Ethical
approval for this study was obtained from the University Research Ethics Committee at

Sheffield Hallam University, with further details of the approval provided in Appendix D.

Another important ethical consideration in this study concerned the secure storage of
participants' data. All data were fully anonymised to protect participant identities and
stored in a safe, access-restricted environment. Overall, ethical integrity was maintained

through a comprehensive review process conducted by Sheffield Hallam University.

Following the thorough examination of the ethical considerations of the research, it is
imperative to critically reflect on the strengths and limitations of the applied methodol-
ogy. While adhering to ethical principles significantly enhances the credibility and integ-
rity of the research, a balanced and reflexive appraisal of the methodological choices is

equally important.
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3.6 Strengths and limitations of the approach

Several methodological strengths can be attributed to the methodological approach
used in this study. First, the framework of constructivist grounded theory is well suited
for generating deep, contextualised insights into complex and often hidden organisa-
tional practices (Clarke, 2009). This makes it highly compatible with the aim of the study,
which was to explore the implications of collaborative robots on acceptance and system
performance. This objective was addressed through a single case study that focused on
an in-depth investigation of the phenomenon within its real-world context. Further-
more, the social construction of meanings related to technology is widely accepted in
technology acceptance research (Leonardi & Barley, 2010), further justifying the meth-
odological choice. The iterative processes of deconstruction and reconstruction inher-
ent in constructivist grounded theory are particularly valuable in unpacking the multi-
faceted and emergent nature of technology use in organisational settings (Leonardi
& Barley, 2010). Moreover, this methodological framework is considered particularly
well-suited given the exploratory nature of the study and the limited theoretical under-

standing of collaborative robot implementation, as Payne (2021) asserted.

Second, the chosen methodological approach is underpinned by the value-bound
axiological stance, wherein the researcher's subjectivity and interpretive lens are
acknowledged as integral to the analytical process. Such reflexive engagement through
ongoing consideration of the researcher's thoughts, experiences, and potential biases
enhances analytical depth and contributes to a more nuanced understanding of the

research topic (Braun et al., 2019).

Another notable strength lies in using three distinct data collection methods, which
facilitated an in-depth investigation of the phenomenon within its social context from
multiple perspectives. Furthermore, integrating diverse data sources allowed for data
triangulation, strengthening the findings and maximising the theoretical yield from the

collected data (Flick, 2018a).

Given the qualitative nature of this study, it is imperative to critically address its limita-
tions, particularly in terms of credibility and transferability. Credibility refers to the ex-
tent to which findings apply to the group and context studied (Tobin & Begley, 2004),
while transferability concerns the potential generalisation of the findings to other

groups and contexts (Malterud, 2001). The current study achieved credibility through
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measures such as data triangulation, the use of probing techniques during interviews,
member checking, theoretical sampling, and trust-based relationships between the re-
searcher and participants. Thus, the conceptual framework developed adequately re-
flects the complexity and context of the case under study, as is shown in the following
chapter. In contrast, transferability is not an intentional objective of qualitative research
(Dimmock & Lam, 2016). Consequently, it is not an inherent objective of constructivist
grounded theory studies either. This is particularly relevant given the single case study
design employed here, which prioritises depth over breadth. The definition of "truth" in
constructivist grounded theory is co-constructed by both participants and the re-
searcher, thus incorporating a reflexive epistemological stance (Charmaz, 2014). To nav-
igate the challenges posed by this stance, the present study drew upon Searle's philo-
sophical underpinning of realism and its reconceptualisation, which provides a means of
anchoring interpretive findings in observable social practices (Lomborg & Kirkevold,
2003). Moreover, reflexive memo writing was employed throughout the research pro-
cess to enhance transparency and maintain integrity. On this basis, the context-specific
and interpretive conceptual framework developed in this study offers findings that,
while not universally generalisable, may be meaningfully transferred to similar organi-

sational settings or contexts.

3.7 Chapter summary

This research aimed to investigate how acceptance-related factors shape system perfor-
mance in collaborative robot applications. Central to this inquiry were the social pro-
cesses and interactions of the people who interact directly and indirectly with these col-
laborative robots. It was, therefore, essential to focus on the participants' subjective
perspectives and the socially constructed nature of their realities. This chapter outlined
the methodological choices informed by the substantive focus of the study and the re-

searcher's subjectivist philosophical underpinnings.

In this context, constructivist grounded theory was identified as the most appropriate
research methodology, given its capacity to generate a conceptual understanding
grounded in participants' experiences. Subsequently, the research design was justified
by adopting a single case study approach, explicitly chosen due to the revelatory nature
of the case under investigation. Furthermore, the two different units of analysis were
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differentiated in terms of the manufacturing process with and without collaborative ro-
bots, hereby constituting an embedded case study design, as Yin (2018) emphasised.

Figure 3-6 presents the methodological framework of the research project, illustrating
the interrelationships between the philosophical foundation of the study and the differ-
ent levels of the study's research design, as Proctor (1998) conceptualised. These con-
siderations provide a structured basis for moving to Chapter 4, where the research find-

ings are presented in detail.

Ontology: relativist

Epistemology: constructionist

Axiology: value-bound

Methodology: constructivist grounded theory

Research design: single-case study approach

Sampling technique

Purposive sampling Theoretical sampling
v Y \2
Document analysis @4 Participant observation =4 Semi-structured interview

Data collection methods

Data analysis: reflexive thematic analysis i‘
Data familiarisation > Initial coding d Themes development
Writing-up Yo Themes definition  pyxd Themes review

Figure 3-6: Research methodology framework
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Chapter 4: Presentation of research findings
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4.1 Introduction

This chapter presents the research findings with a focused reference to the three re-
search objectives outlined in the thesis. The first research objective was accomplished
through a detailed analysis of the collected data, resulting in the development of main
codes, codes, and subcodes. These analytical steps led to the synthesis of themes, each
of which encapsulates a key factor relevant to the research question. Reflexive thematic

analysis was employed to facilitate this, as Braun and Clarke (2006) proposed.

In the subsequent phase of the research, the identified themes were compared and con-
textualised within a broader analytical framework, culminating in the development of a
conceptual framework. This approach was informed by the work of Naeem et al. (2023)
and is aligned with the second objective of the research. Finally, the third research ob-
jective was addressed by providing recommendations for different groups of employees
based on their level of acceptance of collaborative robots. These recommendations
were grounded in the insights derived from the conceptual framework developed. To
provide a contextual foundation for interpreting the research findings, this chapter be-
gins with a detailed overview of the study participants, followed by an analysis of the

temporality of the research, offering further contextualisation.

4.2 Participants

Exploring critical factors influencing acceptance and system performance when integrat-
ing collaborative robots is grounded in a purposive sampling strategy to yield rich and
insightful data on the phenomenon under investigation. This process commenced with
document analysis and archival review to understand the organisational context and the
integration of collaborative robots. This was followed by participant observation, facili-
tating an understanding of the physical setting and providing the foundation for formu-

lating the interview protocols.

The interview questions were derived from insights gained through participant observa-
tions, ensuring their contextual relevance and addressing challenges encountered by the
participants. The findings from this initial purposive sampling phase provided the basis
for the subsequent theoretical sampling phase, which was predicated upon semi-struc-
tured interviews involving participants with varying frequencies of interaction with col-
laborative robots and occupying different positions. The detailed demographics and
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background information presented in the following section serve as the basis for the

reflexive thematic analysis, allowing for a nuanced interpretation of how participants in

different positions within the organisation perceive the integration and interaction with

collaborative robots.

A summary of participant information for both primary data collection methods is pre-

sented in the following tables. These tables include background and demographic infor-

mation to contextualise the findings discussed in the subsequent sections. To maintain

confidentiality, participants' names have been anonymised. Instead, each participant

was assigned a numerical identifier ranging from 1 to 27. Gender is indicated using F

(female) or M (male). The nationality of the participants is not specified in the tables, as

all participants were German nationals.

Gender/ . Qual. Tenure Prior exp. Interaction
Person Age | Position Qual. relevance | (years) with robots | frequency
M1 32 Production technician | VET | yes 12 yes high

M2 42 Production worker VET no 19 no low

F3 57 Production worker VET no 25 no medium
F4 44 Production worker VET no 7 no medium
M5 54 | Production worker VET no 3 no high

F6 38 | Production worker VET | no 13 yes high

F7 58 Production worker VET no 28 no low

F8 61 Production worker VET no 18 no low

M9 29 Production technician | VET yes 10 yes high
M10 25 Production technician | VET yes 4 yes low
M11 56 Production technician | VET no 10 yes medium
F12 42 Production worker VET no 17 no low

F13 41 Production worker VET no 6 no low
M17 31 Production technician | VET yes 7 yes high
F22 58 Production worker VET no 31 no medium
M23 50 | Production technician | VET | yes 3 yes low
M25 33 Production worker VET no 9 yes medium
Definition of interaction frequency: Notes:

High: regular interaction (min. 1x per week) Qual.: Qualification

Medium: regular interaction (min. 1x per month) | VET: Vocational education training

Low: occasional interaction (min. 1x per year) (apprenticeship)

Table 4-1: First group—profiles of participants
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As illustrated in Table 4-1, the first group under consideration comprised 17 employees
who interacted directly with collaborative robots. This group is further subdivided based
on the participants' job positions and the frequency of interaction with the collaborative
robot. In addition, further details were provided regarding participants' qualifications
and their relevance to their job positions. As shown in the table, most production tech-
nicians have completed vocational education training that is aligned with the technical
demands of their positions. However, this alignment is less consistent among production
workers. Moreover, the experience gained in the current position and prior experience
with industrial robots is also presented. The age range of this group spans from 25 to 61
years, exhibiting a relatively balanced gender distribution between male (n=9) and fe-

male (n=8) participants.

Table 4-2 presents the second participating group, comprised of 10 managers directly
interacting with the employees in the first group. This managerial group is distinguished
from the first group by a comparatively higher level of educational qualifications. Fur-
thermore, the duration of participants' tenure in their current managerial roles is also
presented. Certain data elements reported for the first group were deemed not appli-
cable to this group and were therefore excluded. The age range of this group spans from
31 to 55 years, with a gender distribution of male (n=8) and female (n=2) participants,

which is less balanced compared to the previous group.

Gender/ Age | Position Qualification Qualification | Tenure
Person relevance (years)
F14 33 Operational assistant | Graduate deg yes 3

M15 42 Group lead Undergrad deg | yes 3

M16 46 Operational assistant VET no 2

M18 37 Operational assistant VET yes 8

M19 46 Group lead Undergrad deg | yes 11
M20 37 | Group lead Graduate deg yes 4

M21 31 Expert Graduate deg yes 2

M24 44 | Order specialist VET yes 9

F26 32 | Operational assistant | Undergrad deg | yes 8

M27 55 Expert Graduate deg yes 16
Notes:

VET: Vocational education training (apprenticeship)

Undergrad deg: Undergraduate degree

Graduate deg: Graduate degree

Table 4-2: Second group—profiles of participants
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The primary data, obtained through participant observation and semi-structured inter-
views with the participants described above, form the foundation for the analysis un-
dertaken in the current study. To ensure a nuanced understanding of these qualitative
data, it is essential to consider their temporal context before delving into the detailed

analysis process and the subsequent presentation of research findings.

4.3 Temporality of the research

The temporality of this research must be discussed from two distinct but interrelated
perspectives. First, it is essential to consider the current implementation stage of collab-
orative robots in the organisation under investigation. Second is the temporality of data
collection, including the period during which data were collected and the time frame to

which participants' reflections pertain.

The organisation under investigation may be positioned within the acceptance stage of
the Kiibler-Ross Change Curve model, which distinguishes five phases through which or-
ganisations typically progress during transformation processes. This assessment is pri-
marily grounded in the analysis of participants' responses provided to the following in-
terview questions: “If you have the choice of running a production with or without
cobots, how would you decide and why?“ and “How valuable do you think the cobots are
to the department?“ Approximately 85% of the participants (n=23) expressed positive
sentiments regarding collaborative robots. The following excerpts exemplify these sen-
timents, demonstrating that many individuals have come to terms with the new reality

of integrating collaborative robots in work settings.

M25 (employee): Well, | would do anything related to counting with the cobot straight
away. Simply because | have experienced that it works well.

F6 (employee): With the cobots. As | said, | fully support it. | think it is good.

F13 (employee): Well, | could imagine it (using a cobot). It is not that | would say,
yeah, | really want to do it, but | could definitely imagine it.

The introduction of the workstation comprising two collaborative robots, which is the
focal point of the present analysis, occurred approximately one year before the com-
mencement of the primary data collection phase of the study. This temporal distance
further supports the contention that the participants were situated at a relatively ad-

vanced stage in the organisational change process. As posited by Davis-Adesegha (2025),
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acceptance is defined not by unanimous approval but by recognising the inevitability of
the technological transition by employees. Acceptance, in this context, does not imply
that all individuals express positive sentiments towards the new technology. Nonethe-
less, the following excerpts from M2 and F13 indicate that not all participants had en-

tirely accepted the change at the stage of data collection.

M2 (employee): The only thing | see is that you do not have to fill the modules yourself.
Otherwise, | do not see any improvement through the cobot.

M2 (employee): | get really annoyed just having to walk past it.

F13 (employee): Well, | would definitely choose to do it (production) by myself, but
just because | have a lot of respect for these machines, these robots.

While the organisation appears to be broadly situated within the acceptance stage of
the change curve, it is imperative to recognise that the collected data does not exclu-
sively reflect this stage. This can be attributed to the temporal variation across the mul-
tiple data collection methods employed in the study. In particular, the document analy-
sis encompasses the entire period from the initial implementation of the first collabora-
tive robot in the organisation until the point of data collection. This method was primar-
ily employed to provide contextual grounding for the primary data collection, focusing

on the technical and organisational aspects of the implementation process.

In contrast to the document analysis, the two primary data collection methods focus
predominantly on participants' experiences, perceptions, and reflections following the
implementation of the workstation with two collaborative robots. Thus, the data ob-
tained from participant observations can primarily be positioned at the acceptance
stage of the change process, as previously outlined. Nevertheless, it is crucial to recog-
nise that semi-structured interviews encompass a broader temporal scope by allowing
respondents to elicit responses related to the current state of the implementation and
its earlier phases. For instance, when participants were asked about prior experiences,
their responses revealed insights into earlier stages of the change process. These ques-
tions contributed to a deeper understanding of the organisation's evolving response to
technological change. As such, interviews capture the organisation's developmental tra-
jectory related to collaborative robot implementation over time. However, it is critical

to consider this temporal variability when interpreting and presenting the research find-
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ings. To clarify the temporal dimensions of the data collection methods, these distinc-

tions are visually illustrated in Figure 4-1.

Data collection methods
| | | B Document analysis
B Observations
[ N nterviews
2020 2021 2022 2023 2024

¢ } i L 2 : —
June 2019 December 2022 Timeline
Implementation of Implementation of workstation [years]
first collaborative robot comprising two collaborative robots

Legend: M Period of data collection [[]Additional period under review

Figure 4-1: Temporality of data collection methods

Overall, this section established the organisation's positioning within the broader
change process, with most of its employees and managers situated within the ac-
ceptance stage. This positioning provides the foundation for understanding the organi-
sation's current state of technology transformation. In addition, this section gave an
overview of the data collection methods employed and the corresponding temporal
scope of each approach. Taken together, these elements form the basis of the present
study by acknowledging the temporality inherent in the research design. This temporal
framing enables a more focused exploration of the critical factors influencing the ac-
ceptance of collaborative robot integration and their relation to system performance

within the organisational context.

4.4 Factors influencing acceptance of collaborative robots

The following subsections examine the critical factors influencing acceptance of collab-
orative robots within the organisation under study, taking into account its position on
the adapted Kiibler-Ross change curve. These critical factors are presented as themes in
the following analysis. Reflexive thematic analysis of the qualitative data collected from
the previously listed participants generated a total of ten themes influencing the ac-
ceptance of collaborative robots. Two further themes were defined on the output level:

employee acceptance of collaborative robots within the organisation, based on the first
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research objective, and system performance, which was conceptualised as a comple-
mentary output factor to facilitate exploration of the relationship between acceptance
and system performance in developing the conceptual framework. The thematic struc-
ture was developed through a rigorous coding process that involved the generation of
84 initial codes, which were subsequently organised into main codes, codes, and sub-

codes.

During the study's data analysis, a thematic map was iteratively developed and refined,
aligning with the stages of reflexive thematic analysis. The initial version of the thematic
map was constructed in Phase 3 of the analysis, during the search for themes, wherein
the generated codes were organised into preliminary themes. At this stage, a provisional
theme was also created to accommodate miscellaneous codes that did not directly align

with other themes.

Subsequently, in Phase 4, these emergent themes were reviewed and refined to create
a clear hierarchical structure, which served as the conceptual foundation for each
theme. Afterwards, each theme was again reviewed using two criteria: assessing the
internal coherence of each theme and its consistency with the complete data set, as
Braun and Clarke (2006) recommended. During this phase, the miscellaneous theme was
deconstructed, with its codes either discarded due to irrelevance or integrated into
more appropriate themes. In the subsequent phase, further refinement was under-
taken, and each theme was clearly defined, as illustrated in Appendix E. Thus, each
theme was considered a distinct construct, ensuring conceptual clarity and interpreta-
tive depth, as Braun and Clarke (2006) suggested. The thematic map resulting from the
analysis process described above is presented in Figure 4-2. This map provides a visual
synthesis of the key findings and serves as a conceptual foundation for the structure and

narrative of the subsequent analysis in Section 4.4 and its subsections.

The visualisation presented below is intended to support the reader's navigation of this
section by offering a high-level overview of each theme, organised according to its main
codes. Additionally, the map references the specific subsections in which each theme is
discussed in greater depth. The themes were classified into three domains: input, pro-

cess and output factors. This classification is also visually depicted in Figure 4-2.
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Figure 4-2: Thematic map
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The input factors encompass a set of individual and organisational conditions that es-
tablish the foundation for implementing collaborative robots and shape attitudes to-
wards their adoption. Process factors refer to the activities, interactions, and experi-
ences that transform the input factors into the desired output. These factors are largely
driven by the internal dynamics within the organisation. Finally, output factors focus on
the outcomes resulting from these organisational processes. Key output factors in this
analysis include the degree of acceptance of collaborative robots and the overall impact

on system performance.

Given the high-level overview presented in the thematic map in Figure 4-2, further detail
is necessary to develop a multifaceted understanding of the thematic structure. This is
because the codes and sub-codes were intentionally excluded from the figure for clarity
and visual simplicity. To address this, Table 4-3 provides a detailed breakdown of each
theme, including its corresponding main codes, codes, and sub-codes, illustrating the
complete coding hierarchy. It should be noted that the number of referenced state-
ments originating from participant observation is considerably lower than those from
the semi-structured interviews. This is because participant observation was primarily
used to develop interview protocols and establish a foundation for data triangulation,

rather than to yield a large volume of critical statements.

As shown in Table 4-3, the level of indentation within the coding hierarchy indicates the
relative level of subordinance of each code. Increased indentation corresponds to a
more subordinate position within the coding structure. Furthermore, the table reports
the average number of participant observations and interviews in which each code ap-
peared, as well as the total number of critical statements (referred to as excerpts in the

table) related to each code.

By systematically presenting the themes and codes identified through analysis, Table 4-
3 provides a holistic overview of the collected dataset. It also highlights data that are
frequently referenced in the subsequent sections of the thesis, thereby serving as a key
resource for understanding the results. Further details about the definition of each
theme and code, along with representative examples of critical statements, from obser-
vations as well as interviews, are provided in Appendix E. This appendix contains a se-

lection of verbatim excerpts in the original German language and their English transla-
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tions. To enhance readability, all quotations in the main text are presented exclusively

in English.
Themes / Codes Observation Interview
@ Number I Excerpts @ Number X Excerpts
INPUT FACTORS e 58 13 1613
Personal factors 1 4 12 87
Demographic factors 1 1 8 11
Expertise of employees 1 3 13 76
Familiarity with technology - - 14 27
Self-help capability 1 2 12 26
Work preferences 1 1 13 23
Subjective usefulness 2 14 17 225
Goal achievement with cobots 3 3 21 51
Relevance of cobots 2 3 20 56
Physical relief 3 8 18 53
Personal development - - 15 44
Flexibility of cobots - - 9 21
Subjective user-friendliness 2 9 13 145
Ease of use 2 2 12 21
Ease of advancement 2 3 7 15
Learner friendliness 2 4 21 100
Support and assistance 2 2 17 40
Training setup 2 2 24 60
New demands on employees - - 7 9
Emotional factors & 5 12 304
Cobots perceived as opportunity 1 2 13 93
Curiosity about cobots - - 17 37
Positive expectations - - 8 13
Reduction of fear - - 14 20
Satisfaction 2 2 14 23
Cobots perceived as threat * 2 11 130
Fears around cobots * - 10 80
Damage concerns - - 4 8
Doubts about value - - 10 17
General anxiety - - 11 18
Job loss fears - - 16 37
Frustration 2 2 10 23
Scepticism - - 13 27
Emotional response to cobots 1 1 12 49
Humanisation 1 1 17 37
Objectification - - 6 12
Trust in cobots - - 15 32
Cobot characteristics 1 10 12 216
Purpose of cobot deployment 2 8 11 97
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Themes / Codes Observation Interview
@ Number Z Excerpts @ Number X Excerpts

Collaborative use 5 8 21 57
Economic efficiency - - 6 22

Work quality - - 6 18
Technology attributes * 2 12 119
Appearance - - 12 27
Collaboration needs - - 12 18
Production speed 1 2 20 58

Noise level - - 4 16
Contextual factors 1 8 13 251
Management support - - 10 19
Organisational conditions - - 12 25
Time investment - - 16 47
Financial investment - - 16 32
Workload and employee utilisation 1 1 17 40
Operational restrictions 5 5 12 45
Previous automation experience 1 2 9 43
Failed implementation 1 2 11 33
Successful implementation - - 6 10
Workplace dynamics - - 10 182
Leadership culture - - 9 76
Peer influence - - 10 22
Technology implementation process - - 10 84
High involvement - - 10 21

Low involvement - - 12 29
Communication - - 9 34
Attitude towards cobots 1 8 14 203
Attitude towards use * 3 14 86
Positive attitude - - 21 48
Neutral attitude - - 8 11
Negative attitude 1 3 13 27
Attitude towards advancement 1 5 14 117
Improvement ideas 1 2 12 37
Negative attitude 2 2 11 23
Positive attitude 1 1 19 57
PROCESS FACTORS 1 19 17 386
Interaction with cobots 2 18 19 259
Experience of use 5 16 22 102
Negative experiences 6 12 22 52
Positive experience 4 21 50
Experience with advancement * 1 16 88
Negative experience - - 13 18
Positive experience 1 1 18 70
Interaction frequency 1 1 21 69
Impact on workplace dynamics & 1 16 127
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Themes / Codes Observation Interview
@ Number Z Excerpts @ Number X Excerpts

Alterations in social interaction - - 14 46
Changes in comm. and cooperation - - 19 29
Changes in perception of work - - 20 36
Transformation in org. processes 1 9 16
OUTPUT FACTORS e 5 14 261
Acceptance of cobots 3 1 11 96
Active acceptance - - 18 34
Passive acceptance - - 13 29
Passive resistance - - 10 23
Active resistance 1 1 4 10
System performance t 4 17 165
Reduction of production time - - 18 40
Reduction of human effort - - 21 50
Impact on product quality 2 4 18 53
Future orientation of work - - 11 22

Notes: * average number of observations < 1
Org. = organisational; comm. = communication

Table 4-3: Thematic table with themes, codes and sum of excerpts

Each subsection is dedicated to one of the identified themes within the domains of in-
put, process, and output factors. These subsections present each identified theme in
detail, including the corresponding codes and illustrative critical statements. The latter
refers to salient excerpts from the qualitative data that serve as empirical evidence sup-
porting the interpretation of each theme. Accordingly, an in-depth overview of each
theme is presented, providing a nuanced understanding of the factors influencing the

implementation of collaborative robots.

Moreover, a visual representation of the reflexive thematic analysis process is provided
in each subsection, thus demonstrating the development of each theme. It provides a
schematic overview of the keywords associated with specific codes. In addition, this vis-
ualisation serves as a basis for exploring the relationship among keywords, different lev-
els of codes, and themes, as suggested by Braun and Clarke (2006) and Naeem et al.
(2023). Through this approach, the visual representation played a critical role in estab-

lishing the foundation for developing the study's conceptual framework.
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4.4.1 Input factors

The present analysis identified eight themes classified as input factors. These themes
were derived from 65 main codes, codes, and sub-codes, supported by over 1,600 criti-
cal statements from participants, as shown in Table 4-3. The themes "personal factors”,
"subjective usefulness", "subjective user-friendliness", and "workplace dynamics" were
each composed of five to six distinct codes. In contrast, the theme "emotional factors"
encompassed the highest number of codes, demonstrating the importance of these fac-
tors in shaping participants' perceptions. The themes of "cobot characteristics", "con-
textual factors"”, and "attitude towards cobots" were each composed of eight to nine
codes. The following describes each input-related theme, highlighting the key findings

and insights derived from the reflexive thematic analysis.

4.4.1.1 Personal factors

This theme addresses the individual attributes and characteristics that influence em-
ployees' perceptions of collaborative robots. These include demographic factors, per-
sonal experiences, related familiarity with the technology and self-help capabilities, and
individual work preferences. The visual depiction of this theme is shown in the following
figure, reflecting the analytical process employed in the reflexive thematic analysis out-

lined in Subsection 3.4.4.4.

Phases of reflexive thematic analysis

Keywords Codes Main codes Theme
Age, gender, education > n
factors S
) I S ~ S
Confidence, familiarity Familiarity with tech. Expertise of “_f_u
employees g
Problem resolution Self-help capability / 9
S
. - Work 2

Teaming, alone >

Organising - Describing - Explaining

Notes: tech. = technology

Figure 4-3: Reflexive thematic analysis process—personal factors

A total of 91 critical statements were associated with this theme, most of which were
primarily based on the interviews conducted, as shown in Table 4-3. The development
of this theme was informed by participants' responses to interview questions designed
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to elicit their reflections on experiences and perceptions of collaborative robots. Exam-
ple questions included: "How good or confident do you feel when using the cobots?",
"What would it be like if additional cobots were to be introduced into your workplace?",
and "What would it be like if you only worked with cobots?" On this basis, the following

main codes were inductively constructed.

Demographic Factors

The participants highlighted the impact of demographic factors on the perception of
collaborative robots, with particular reference to the influence of age and educational
background, which were identified as keywords. The excerpts from Participants F6 and
M21 evidenced this relationship. In addition to age and education, participants were
also asked to provide information regarding their gender, current position, and tenure.

F6 (employee): | belong to a generation that is more familiar with new technologies.

M21 (manager): Of course, it also depends on personal factors such as educational
background and age. If someone belongs to a younger generation, they may also be
more tech-savvy and more interested in technology than an employee who has only
known traditional manual work for years or decades.

These statements indicate that younger employees and those with higher educational
qualifications tend to exhibit greater comfort and confidence in engaging with collabo-

rative robots.

Expertise of employees

This main code is derived from two underlying codes: "familiarity with technology" and
"self-help capability". These codes are characterised by keywords such as confidence,
familiarity, and problem resolution, which emerged inductively from the collected data.
Participants referenced these aspects in various contexts when discussing their confi-
dence in using collaborative robots, as illustrated by the following statements. This main
code is further enriched with information about the participants' prior experience with

robots collected from all employees interacting directly with this technology.

Familiarity with technology:

M5 (employee): | arrive in the morning and switch it (cobot) on if there is a work order
and it is running.

M2 (employee): | do not feel confident; when | am alone with the cobot, | do not know
how to operate it.
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Self-help capability:

M5 (employee): From time to time, we have been able to fix the little things ourselves
so that it keeps running.

M23 (employee): What | have noticed now, but that could also be changed, as | said,
if people are trained intensively. That would be better for us and also good for the
company, | would say. Then everyone would be autonomous.

Employees' familiarity with the technology and ability to independently resolve minor
technical issues were found to positively influence their confidence and autonomy in
using collaborative robots. In addition, participants emphasised the importance of ade-
quate training as a critical enabler for developing these competencies, thereby leading

to increased acceptance and better integration of the technology.

Work preferences

The third main code within this theme, "work preferences”, was identified as an influen-
tial factor in shaping employees' perception of collaborative robots. In particular, the
qualitative data suggest that individual differences in preferred working styles, whether
to work collaboratively or independently, influence how employees engage with this
technology. For instance, M11 preferred team-based work, while F6 opted for working

independently.

M11 (employee): | do not want to sit around machines all day. | like dealing with peo-
ple, but that is just me.

F6 (employee): Preferably alone. Of course, it is nice to do something together some-
times, but I do not think it would be good for me to always work in a team.

The critical statements of this main code indicate that a preference for working with
colleagues may negatively influence employees' attitudes towards working with collab-
orative robots.

Overall, the "personal factors" theme offers a nuanced perspective on the impact of in-
dividual characteristics on employees' attitudes towards collaborative robots. The sup-
porting evidence, drawn from critical statements from participants, highlights the diver-
sity of viewpoints within the sample. These findings underscore the complex and multi-
faceted relationship between personal attributes and the perception of collaborative

robot integration.
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4.4.1.2 Subjective usefulness

This theme explores participants' perceptions of the value and effectiveness of collabo-
rative robot technology. These perceptions are reflected in users' personal impressions
and opinions regarding the practicality and benefits of integrating collaborative robots
in their work environment. This theme is structured around the following main codes:
"goal achievement with cobots", "relevance of cobots", "physical relief", "personal de-

velopment", and "flexibility of cobots". Figure 4-4 illustrates this theme as constructed

through the reflexive thematic analysis process outlined in Subsection 3.4.4.4.

Phases of reflexive thematic analysis

Keywords Codes Main codes Theme
. Goal
Reduction of work > achievement

Relevance
of cobots

Order volume, quantity >

Relief > Physical relief

y Personal
>
development

Grow, expertise

Flexibility > Flexibility of
cobots

Subjective usefulness

Organising -> Describing -> Explaining

Figure 4-4: Reflexive thematic analysis process—subjective usefulness

As shown in Table 4-3, a total of 239 critical statements from participants were identified
concerning this theme. These statements primarily derive from responses to questions
such as: "How valuable do you consider the support provided by the cobots? " and "Have
the cobots met your expectations?" It should be noted, however, that the statements
are not solely based on semi-structured interview data. Instead, the first three main
codes were determined based on observation data, integrating multiple data sources to

enrich the analysis.

Goal achievement with cobots

This main code captures critical statements regarding how collaborative robots assisted
the participants in achieving their goals. The following statements from Participants F4
and F8 illustrate how the collaborative robots facilitated task completion, enhancing
their effectiveness and efficiency. Notably, reduction of work emerges as a keyword for

this main code.
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F4 (employee): It does the same work that we do. It cannot do everything, but it can
do parts of it, and for that reason, | really see it as a good co-worker.

F8 (employee): If you look at it, you do about half now. Before, you had to do every-
thing yourself, but now you only have to do 50%.

The identified critical statements indicate that collaborative robots are perceived posi-
tively when their contribution to task completion is evident. This can include the reduc-

tion of workload, thereby rendering tasks easier and more efficient for employees.

Relevance of cobots

This main code encompasses participants' critical reflections on the relevance of using
collaborative robots for a given task. The study's findings indicated that utilising collab-
orative robots was perceived as advantageous in certain circumstances, as exemplified
by the responses of F13. Conversely, in some cases, the utilisation of collaborative ro-
bots was deemed ineffective primarily due to the complexity and scale of the task, as
illustrated by the example provided by M5. Within the context of this code, it is essential

to highlight the emergence of keywords, namely order volume and quantity.

F13 (employee): | think it is a huge relief, especially when it comes to large quantities.
Otherwise, one of us would be working on it for several days, just sitting there and
inserting vials.

M5 (employee): Small jobs are not worth doing with the cobot. Each time, we spend
more time selecting and setting up the programme and making sure it is running.

The critical statements associated with this main code indicate the importance of task
selection when deploying collaborative robots. This is because the perceived effective-
ness of collaborative robots is contingent upon the nature of the tasks they are em-
ployed to perform. Findings from this study suggest that collaborative robots are bene-

ficial for highly repetitive and simple tasks.

Physical relief

This code captures the physical relief of integrating collaborative robots in the work-
place. A notable proportion of the participants (18 out of 27) indicated during the inter-
views that using collaborative robots reduced physical strain and discomfort, allowing
employees to perform tasks with less fatigue. This is illustrated by the following state-

ments and further supported by the recurring use of the keyword relief.
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F8 (employee): If you stand there like that all day, you get neck pain, headaches, or
something like that, and you just do not have that (with the cobot).

M25 (employee): But every tray we do not have to do ourselves is also a physical relief
in some way.

Collaborative robots are considered particularly beneficial when they facilitate work

processes, enabling employees to perform tasks with greater physical comfort.

Personal development

This main code addresses the personal development opportunities of working with col-
laborative robots. Through the coding and analysis process, keywords such as growth
and expertise emerged. For instance, Participants M10 and M27 emphasised the value
of engaging in more challenging tasks and acquiring new skills as key benefits of working
with collaborative robots.

M10 (employee): So working with the cobot is fun because it also challenges you a bit.

M27 (manager): Well, | say, maybe it takes away the job of a less skilled worker, but
on the other hand, it creates a job for a highly qualified worker. Because the thing
(cobot) also needs to be looked after, sometimes something breaks, and sometimes it
needs to be programmed.

These statements suggest that utilising collaborative robots can potentially foster op-
portunities for personal development. However, based on the data, the perceived ben-
efits of such opportunities are contingent upon employees' motivation to pursue devel-

opmental activities.

Flexibility of cobots

This main code addresses the flexibility inherent in collaborative robot technology. Par-
ticipants, including M17 and M27, emphasised the versatility of these robots as a key
benefit, highlighting their capacity to perform a wide range of tasks and adapt to varying

operational requirements.

M17 (employee): | think that the cobot's greatest strength is that it is incredibly flexi-
ble. It can insert modules today and close bottles tomorrow or whatever.

M27 (manager): You can react very flexibly and quickly to minor requirements. That
is the advantage—the major advantage—of the cobot.

The capacity of collaborative robots to operate flexibly was identified as a critical factor
contributing to their value in dynamic work environments. Their adaptability allows

them to perform diverse tasks in response to evolving demands.
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Overall, the theme of "subjective usefulness" provides nuanced insights into how em-
ployees perceive the utility and benefits of integrating collaborative robots in their work
environment. This theme encompasses that collaborative robots were perceived as val-
uable primarily for their ability to enhance efficiency and job satisfaction, which was

largely attributed to the high flexibility of the technology.

4.4.1.3 Subjective user-friendliness

This theme captures participants' perceptions of the user-friendliness and accessibility
of collaborative robot technology. It includes assessments of the ease of use, technolog-
ical advancement, learner friendliness, and the impact of new demands on employees

as main codes. Figure 4-5 illustrates this theme, as outlined in Subsection 3.4.4.4.

Table 4-3 shows that this theme comprises 154 critical statements derived from the as-
sociated codes. Most of these codes were initially identified during the analysis of par-
ticipant observations and were later corroborated through semi-structured interviews.
Typical questions that elicited responses relevant to this theme include: "How were you
trained to use the cobots? ", "How long did the training take? ", and "If you needed help
working with the cobots, how were you supported?" As a result of the analysis, the fol-

lowing main codes were established.

Phases of reflexive thematic analysis
Keywords Codes Main codes Theme
a
p i > Ease of )
rogramming o £
= T
Support, assistance Support and assistance ™ (—— ,'5'_{ E)
. . D -
friendliness S Y%
. - " =
Training Training setup / §
New demands
Demands > on employees
Organising -> Describing -> Explaining

Figure 4-5: Reflexive thematic analysis process—subjective user-friendliness

Ease of use
This main code encompasses critical statements from participants regarding their per-

ceptions of the ease of use of collaborative robots. Participants highlighted specific fea-
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tures of collaborative robots that make them user-friendly and straightforward. This as-
sertion is supported by interview excerpts presented below, in which both participants
underscored that the deployed collaborative robots are characterised by a high degree
of operational simplicity. Accordingly, simplicity was identified as a recurrent aspect

throughout the data.

F3 (employee): You do not have to do anything complicated. | think it is relatively easy
to understand.

M16 (manager): The operation itself is very, very simple.
As demonstrated by the preceding statements, the ease of use of collaborative robots
is a critical determinant of their accessibility and plays a vital role in achieving workforce

acceptance.

Ease of advancement
This main code addresses how participants perceive the ease of developing and adapt-
ing collaborative robots within practical applications. Participants, including M1 and
M19, noted that the adaptability of collaborative robots facilitates modifications of man-
ufacturing processes without requiring advanced specialist expertise in robotic technol-
ogy. Most identified critical statements under this theme are assigned to the keyword
programming.

M1 (employee): It was more difficult at the beginning. It got easier and easier as you

learned the first few things. Once | started to understand how the program works, or
the programming itself, it became easier relatively quickly.

M19 (manager): Well, | do not need a certified robotics expert to set it up. | think that
is very positive. It is like a smartphone. That makes it very easy, or at least much eas-
ier, to integrate into work processes.

The participants stated that a key advantage of collaborative robots over traditional in-

dustrial robots is their greater adaptability and reduced programming complexity.

Learner friendliness

This main code captures participants' perceptions of leaner-friendliness, as reflected in
the codes: "training setup" and "support and assistance" provided to the workforce. This
encompasses both the initial training programme and the ongoing support mecha-

nisms. The following excerpt, drawn from interviews with M25 and M11, elucidates
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these aspects by detailing the initial training phase. Concurrently, F8 highlights the avail-

ability of support, particularly in cases of collaborative robot malfunction.

Support and assistance:

F8 (employee): If there is an error [...] you are not on your own. There is always some-
one there if you do not know what to do.

M1 (employee): | have two colleagues who have also been trained. They can also pro-
gramme the cobot, and we can exchange ideas with each other.

Training setup:

M25 (employee): | remember very clearly when the cobot arrived. | think we simply
had a group training session about how it works in general.

M11 (employee): Yes, we actually visited the company where the cobots are pro-
duced, had the cobots explained to us, and received basic training there.

These statements highlight the importance of initial training and continuous support in
promoting learner friendliness and ensuring employees develop confidence and profi-

ciency in operating collaborative robots.

New demands on employees

This main code covers participants' critical reflections on the new demands and chal-
lenges of integrating collaborative robots. It includes statements highlighting the need
for employees to acquire additional skills and competencies to effectively navigate these
technological requirements, as evidenced by the interview excerpt from M17. Moreo-
ver, the statement from M26 emphasises the workforce's capacity to adapt to these
evolving demands, particularly those associated with deploying collaborative robots. As
demonstrated in the following examples, demand emerged as a particularly salient key-

word.

M17 (employee): Of course, robotics has been added, which we hardly had before.
And especially with this teaching and programming, that is something completely dif-
ferent compared with the other machines.

F26 (manager): That is why | was not sure whether they (the employees) would really
be able to operate a robot. | was a bit sceptical at first, but | was proven wrong.

The preceding statements indicate that implementing collaborative robots has gener-
ated new occupational demands, necessitating the development of additional skills and

competencies among employees.
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In summary, the codes underpinning this theme highlight multiple facets that shape par-
ticipants' perceptions of the overall user experience with collaborative robots. This
theme demonstrates a predominantly positive perception among the study participants,

particularly regarding the robots' ease of use and their flexibility.

However, several participants acknowledged the new demands and potential chal-
lenges, particularly regarding acquiring the skills necessary to engage effectively with
this technology. These observations suggest that not all employees are necessarily
equipped with the requisite skills and competencies to meet the evolving demands
posed by this new technology. Consequently, these findings offer useful insights that
can inform the design and implementation of future training programmes and support
mechanisms to maximise the potential benefits of collaborative robot technology in the
workplace. From a broader perspective, this also points to the need for strategic work-
force development initiatives, including developing appropriate leadership capabilities

to support the sustainable integration of such a technology.

4.4.1.4 Emotional factors

This theme captures the full spectrum of emotional responses, perceptions, and atti-
tudes individuals express towards collaborative robot integration. It encompasses posi-
tive and negative emotional responses, including framing collaborative robots as oppor-
tunities or threats within the workplace. Furthermore, this theme incorporates critical
factors such as trust in technology and the humanisation and objectification of collabo-
rative robots. The visual representation of this theme is shown in the following figure,
developed through the reflexive thematic analysis process outlined in Subsection

3.4.44.

In terms of the number of critical statements identified, the aspects of this theme were
mentioned more frequently than those of any other single theme, with a total of 309
statements, as shown in Table 4-3. The majority of these statements were identified
through the data collected from semi-structured interviews. Typical questions in this
context, in which statements on this theme were identified, include: "What did you think
or feel when you first saw cobots?", "How does it feel to work with the cobots compared

to working with a human colleague?", "To what extent do you think a cobot can replace
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a human?", and "How are cobots currently perceived by employees especially in terms
of forming an emotional bond comparable to a colleague?" The formulated main codes

that contain this theme are outlined in the following.

Phases of reflexive thematic analysis
Keywords Codes Main codes Theme
Fascination, impressiveness Curiosity about cobots \
Hope, opportunity Positive expectations ™~ Cobots perceived
as opportunity
Reduction/absence of fear Reduction of fear //'v
Satisfaction, good job Satisfaction °
3
Fear, concern, anxiety Fears around cobots ~ w
©
Cobots perceived <
Frustration, disruption Frustration - 2
)
/ g
Malfunction Scepticism ._,EJ
Stroke, love, friend Humanisation ™ Emotional re-
sponse to cobots
Machine, thing Objectification /
Proper functioning >
Organising -> Describing -> Explaining

Figure 4-6: Reflexive thematic analysis process—emotional factors

Cobots perceived as opportunity

This main code encompasses participants' critical reflections that frame collaborative
robots as opportunities. The data set includes expressions of curiosity, positive expecta-
tions, a reduction in fear, and reported satisfaction associated with using collaborative
robots. The following interview excerpts provide evidence for this code and illustrate

the emergence of previously stated keywords.

Curiosity about cobots:

F4 (employee): Because it is actually quite fascinating how the cobot works.

M11 (employee): Just this future-oriented work—that we finally have a robot that au-
tomates something you can see in real life, and that also works collaboratively.

Positive expectations:

M19 (manager): On the one hand, there is definitely the hope that it will take over
some of the work that is just monotonous.
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M10 (employee): So now my hopes are actually quite high, because | think maybe we
can do many, many things with this device (cobot) that, keep us from working.

Reduction of fear:

F8 (employee): Well, it is good that you just lose your fear and that you can simply get
into working with it.

F4 (employee): But it does not take long before you realise that it does not run without
people. So | did not have any fears.

Satisfaction:

F12 (employee): Otherwise, | feel that once it is up and running, everyone will be quite
satisfied and things will just work out.

M17 (employee): Well, | think it works pretty well.
The statements above suggest that curiosity about and satisfaction with collaborative
robots are critical in shaping employees' perceptions of opportunities. Consequently,
this may contribute to greater openness towards collaborative robots and may enhance
employees' willingness to interact with them, which could, in turn, lead to a reduction

of fears.

Cobots perceived as threat

This main code covers critical statements from participants who perceive collaborative
robots as a potential threat. Within this theme, the analysis identified four sub-codes
related to "fears around cobots": "damage concerns", "doubts about value", "general
anxiety", and "job loss fears". The following interview excerpts exemplify the various

forms of fear that the participants expressed.

Fears around cobots:

F3 (employee): The worry is that you just touch it and then something breaks, because
you have no experience with a machine like that.

M15 (manager): They often showed errors. Therefore, the added value was not there
at first or could not be seen immediately.

M5 (employee): In the beginning, not being computer literate and having to start the
programme and then make it work made me feel a bit insecure and reluctant.

F13 (employee): On the one hand, of course, you worry about it because you are ob-
viously afraid that you might be replaced by all these robots and cobots at some point.

In addition to the previously identified fears associated with collaborative robots, this
main code also encompasses: "frustration" related to their use and "scepticism" regard-

ing their overall implementation. Participants M2, F3, and F8 offer nuanced perspectives
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on these issues, as illustrated in the following interview excerpts. Notably, keywords like
frustration, disruption, and malfunction emerged, highlighting how these negative ex-

periences shape employees' perceptions toward collaborative robots.

Frustration:

M2 (employee): The cobot is not a machine colleague, as | was promised, but a hin-
drance.

F3 (employee): If it does not work, then it is really frustrating because, in that case,
you lose time.

Scepticism:

M2 (employee): | feel like | have to watch it (cobot) all the time, otherwise it does
nothing or does not do it properly.

F8 (employee): Sometimes, it (cobot) simply does not work properly. It is just a ma-
chine. It is also not infallible.

In light of the above-mentioned critical statements, collaborative robots are perceived
as potential threats, particularly in scenarios involving system malfunctions, the need
for additional skills that employees may lack, or concerns about their potential to re-

place human workers.

Emotional response to cobots

This main code deals with participants' emotional responses to collaborative robots, par-
ticularly focusing on the humanisation and objectification of the technology. One group
described the collaborative robot in relational terms, likening it to a colleague or friend,
as exemplified by the statements of M23 and F4. In contrast, the other group perceived
the collaborative robot as a functional, impersonal instrument, as reflected in the ex-
cerpts from F8 and M25. These divergent viewpoints are further evidenced by the iden-
tified keywords, such as stroke, love, and friend, indicating humanisation, while terms

like thing and machine signal objectification.

Humanisation:

M23 (employee): It is a typical machine, but over time it becomes your friend some-
how. That was the case for me; you develop a bond with it.

F4 (employee): Well, | have already stroked it and things like that.

Objectification:

M25 (employee): It is more of a tool or a machine that you operate.
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F8 (employee): Well, | think it is a machine, and the other one is a person, and you
cannot have a relationship with it. At least, | cannot build a relationship with a ma-
chine. No, that is not possible.

The critical statements identified within these codes demonstrate that collaborative ro-
bots are perceived in a highly polarised manner across different groups of participants.
This divergence is particularly relevant in understanding employees' perceptions regard-

ing implementing such a technology.

Trust in cobots

This main code captures participants' critical reflections on trust in collaborative robots,
including expressions of confidence and the conditions under which such trust is estab-
lished. Statements from Participants M5 and M10 exemplify this theme. Notably, the

keyword of proper functioning emerged in this regard.

M5 (employee): It was important to me that it runs and does not constantly stop be-
cause of minor issues.

M10 (employee): Yes, because for me, the cobot is more of a burden than a help. That
is why I say personally. Yes. The cobot has to run reliably.

As the statements above demonstrate, trust in collaborative robots is closely linked to
their consistent functioning and reliability within the manufacturing process. Reliable
and error-free functioning, in turn, enhances employee trust in the technology.

Overall, the "emotional factors" theme offers a holistic overview of the diverse emo-
tional responses, perceptions, and attitudes employees exhibit towards collaborative
robots. These range from perceiving collaborative robots as opportunities marked by
curiosity, optimism, and satisfaction to expressions of fear, frustration, and scepticism.
This divergent emotional landscape emphasises the complexity of employee percep-
tions in human-robot interactions. Crucially, these findings highlight the importance of
incorporating emotional dimensions in both the implementation and training processes,
as addressing employees' emotional responses substantially contributes to fostering
trust, creating conditions for favourable user responses, and cultivating a supportive

work environment.

By recognising and addressing both the perceived opportunities and threats associated
with collaborative robots, organisations can more effectively manage their integration

into the workplace. It is, therefore, crucial to assess and analyse employee perceptions
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at individual and collective levels, particularly regarding whether these reflect a human-

ised or objectified view of the technology.

4.4.1.5 Cobot characteristics

The theme "cobot characteristics" encompasses a broad range of features associated
with collaborative robots as well as an analysis of the underlying rationale behind their
implementation. Two main codes define this theme: "purpose of cobot deployment "
and "technology attributes”. The first refers to the objectives and reasoning for imple-
menting collaborative robots, which is essential for effective integration into work pro-
cesses and understanding employees' perceptions and attitudes. The second, technol-
ogy attributes, covers technical characteristics such as appearance, production speed,
and noise level, all relevant to the collaborative robot's performance and workplace in-

tegration. Figure 4-7 illustrates this theme as it emerges from the reflexive thematic

analysis process outlined in Subsection 3.4.4.4.

Phases of reflexive thematic analysis

Keywords Codes Main codes Theme
Simultaneity Collaborative use ~a
Purpose of cobot
Cost reduction, added value Economic efficiency —>\_ deployment “
(8]
Monotonous, repetitive Work quality '5
g
Human movement Appearance o
o :
Human need, supervision Collaboration needs Technology S
attributes 3]
. . o
Speed, continuous work Production speed 7
Noise Noise level
Organising -> Describing -> Explaining

Figure 4-7: Reflexive thematic analysis process—cobot characteristics

A total of 226 critical statements related to this theme were identified, primarily based
on the semi-structured interviews, as shown in Table 4-3. These statements were elic-
ited mainly through follow-up questions, which probed deeply into the characteristics
of collaborative robots mentioned during the interviews. By requesting further elabora-

tion on these aspects, additional relevant insights were uncovered. In addition, docu-
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ment analysis revealed further insights, particularly regarding the technology's charac-
teristics and safety aspects. The reflexive thematic analysis yielded the following main

codes.

Purpose of cobot deployment

The main code includes critical statements from participants about the intended pur-
pose and rationale for implementing collaborative robots. The implementation of col-
laborative robots is primarily driven by the desire to enhance collaborative work, im-
prove economic efficiency, and improve the quality of work for employees. The follow-

ing interview excerpts and the identified keywords substantiate these motivations.

Collaborative use:

M21 (manager): The employee can do other tasks while the robot is working.

F26 (manager): The employees can do something else at the same time and thus be
more productive in that respect. You might say, well, they could be assembling other
components that the machine cannot process. Or perhaps they are already filling out
production paperwork.

Economic efficiency:

MZ20 (manager): But of course, our annual cost reduction targets, which we had to
and still have to achieve, were essentially the original trigger for automation.

M16 (manager): Of course, this also means that you can either reduce staff or assign
them to more meaningful activities. Let us put it this way: not reduce staff.

Work quality:
M16 (manager): It is an adequate means of easily completing monotonous work.

M20 (manager): And these are assembly tasks, always repetitive. These are actually
great patterns that you could teach directly to the cobot.

The aforementioned insights regarding the purpose of deploying collaborative robots
were primarily identified through the dyadic approach, which incorporated both em-
ployee and manager perspectives during data collection. Notably, these aspects were
mentioned mainly by managers and might not have been identified had the data collec-

tion focused solely on employees.

Technology attributes

This main code covers the technological attributes of collaborative robots, including fea-

tures such as their appearance, collaborative needs, production speed, and noise level.
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These characteristics are not solely technical descriptors. Instead, they can evoke either
a positive or a negative response from employees. The following excerpts from partici-
pants and the associated keywords evidence this. The identified attributes directly influ-
ence user perception and, consequently, play a critical role in shaping the effectiveness

of collaborative robots within the workplace.

Appearance:

M17 (employee): Well, you cannot really equate the two, but | would say it is much
more human-like than any other production line.

M2 (employee): The cobot imitates human movement, and that cannot work.
Collaboration needs:

M9 (employee): Well, the cobot can only do the simplest tasks, and you always need
a human as well. And a human to operate it.

M21 (manager): And so there will always be a need for supervision and certain areas
of focus, which may shift but remain within the same general field.

Production speed:

M5 (employee): During coffee breaks or lunch, for example, it keeps working. That
way, | do not experience any downtime during packaging.

M25 (employee): It does not have the same speed that we have as human workers. It
is somewhat slower, but as support, it is a great thing.

Noise level:

F22 (employee): And then there are days when it is annoying because of the noise—
as we actually noticed today—the noise is different when it is malfunctioning.

M5 (employee): The noise level, sometimes it is annoying. Not the air, because every-
thing is powered by air, but the distributor at the front. That iron sound. Click, click,
click. And that is damn loud.

Participants' responses indicated a preference for the appearance of collaborative ro-
bots over conventional industrial robots, particularly among employees with limited ex-
perience in machine operation. Employees viewed the collaborative robot's supportive
role as beneficial, rather than preferring fully autonomous operation. Moreover, reduc-
ing disruptions in the manufacturing process was cited as a key benefit by those working
with collaborative robots. However, if the collaborative robot's production speed was
perceived as inadequate, its overall value and utility were questioned. Perceptions of
noise levels varied across participants and appeared to fluctuate depending on the day

of observation.
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In total, the theme of "cobot characteristics" offers a nuanced understanding of the at-
tributes and strategic intentions behind the implementation of collaborative robots. The
main codes elucidate the practical considerations driving the collaborative robot adop-
tion, particularly related to enhancing collaborative processes, improving economic ef-
ficiency, and elevating work quality. The technological attributes of collaborative robots
emerged as significant factors influencing employees' perceptions. A nuanced under-
standing of these characteristics and proactive efforts to address employee concerns,
particularly related to noise and production speed, can facilitate more effective collab-

orative robot integration and utilisation across diverse work environments.

4.4.1.6 Contextual factors

This theme explores diverse external and internal conditions influencing the implemen-
tation and utilisation of collaborative robots within organisational settings. It encom-
passes managerial, financial, and operational considerations related to collaborative ro-
bots and prior experience with automation. The thematic structure derived through the

reflexive thematic analysis outlined in Subsection 3.4.4.4 is visualised in Figure 4-8.

Phases of reflexive thematic analysis
Keywords Codes Main codes Theme
> Management
Support
Staffing level, quantit > ( Organisationa
g 4 A\ conditions
- . - Time n
Time investment > §
Q
Budget, costs > _Financial &8
investment o
3
Workload, utilisation > Workload and g
utilisation g
c
Production requirements > Operational 8
restrictions
Negative examples Failed implementation ™ -
Previous automa-
:
Positive examples Successful implem. /
Organising - Describing -> Explaining

Notes: implem. = implementation

Figure 4-8: Reflexive thematic analysis process—contextual factors
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A total of 259 critical statements related to the theme "contextual factors" were identi-
fied, as shown in Table 4-3. These statements were derived from observations and re-
sponses to key questions, such as: "Are there any current constraints/limitations in the
organisation that you are aware of? If so, what are they?" and "How is the implementa-
tion of cobots supported by senior management?" Based on the analysis of these re-

sponses, the following main codes were developed.

Management support

This main code captures participants' critical reflections on the role of managerial sup-
port in implementing and utilising collaborative robots. The findings are substantiated
by the excerpts from Participants M15 and M19, who emphasised that such support was
a primary enabler for advancing to subsequent stages of the implementation process.

The prominence of the keyword support underscores its centrality to this aspect.

M15 (manager): We always present the technology, and | have consistently received
positive feedback. | also feel this provides support to push this forward.

M19 (manager): Our former senior manager was really enthusiastic about automa-
tion, and we used this enthusiasm to come up with a few ideas.

The critical statements associated with this main code indicate the need for manage-
ment support beyond mere formal endorsement of technology. Instead, effective im-
plementation requires proactive managerial support, including encouragement and
strategic guidance to facilitate the seamless integration and advancement of collabora-

tive robots.

Organisational conditions

The following main code addresses the participants' references to the pre-existing or-
ganisational conditions that influence the implementation and utilisation of collabora-
tive robots. Key factors identified include staffing levels, production quantities, and

setup times, as Participants F4 and M1 illustrated.

F4 (employee): Well, we have also had phases where we simply did not have enough
people in labelling.

M1 (employee): On the one hand, the quantity plays a very important role. | think that
for 50 pieces, | do not need any automation, and | would probably be faster if | just
did it quickly by hand.
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The study findings suggest that organisational factors, such as few employees with prior
experience in operating collaborative robots, can considerably hinder the adoption of
this technology. A comparable constraint was also observed concerning suboptimal pro-

duction volumes for effectively utilising collaborative robots.

Time investment

This main code captures participants' critical reflections regarding the time required for
implementing and programming collaborative robots. The time needed to become ac-
quainted with such new technologies was identified as a key determinant in the adop-
tion process. This is substantiated by the statements of Participants M18 and M21, and

further reflected in the selected keyword associated with this code.

M18 (manager): Yes, at times the resentment was quite considerable when someone
had to spend a lot of time with the cobot or worked with it without achieving much.

M21 (manager): The time required for programming is initially an investment. During
this period, the employee cannot perform any other production tasks but is 100% fo-
cused on the cobot, thinking about programming and so on. However, you have to
calculate this over the medium and long term; it will definitely pay off in the end.

It can be posited that the initial time required for programming and familiarising with
collaborative robots constitutes a critical phase in the implementation process, as it may
temporarily impact the organisation's productivity during the transition period. The find-
ings indicate that lower time investment in implementation and programming leads to
higher acceptance, making the minimisation of this time crucial for the successful adop-

tion of collaborative robots.

Financial investment

This main code comprises critical statements from participants regarding the financial
investment associated with implementing collaborative robots, acknowledging the piv-
otal role of financial implications in organisational decision-making. Consequently, man-
agers, including M27 and M15, emphasise the comparatively modest financial invest-
ment required for collaborative robots relative to conventional industrial robots. In this

context, the keywords budget and cost emerged as particularly salient.

M15 (manager): Well, of course, we do not have an unlimited budget that would al-
low us, for example, to buy additional feeding stations so that we could insert two
components at the same time.
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M27 (manager): As | said before, the acquisition costs are low.

The critical statements in this study identify financial investment as a pivotal factor in-
fluencing the adoption of collaborative robots, with their comparatively low cost per-

ceived as a significant advantage over traditional industrial robots.

Workload and employee utilisation

This main code captures participants' critical reflections on workload and employee uti-
lisation regarding implementing collaborative robots. For example, Participant F4 high-
lighted situations where the existing workload was considered insufficient to justify the
use of collaborative robots. Conversely, Participant M19 emphasised that the number
of employees expressing interest in specific tasks also plays a vital role in determining

effective collaborative robot integration.

F4 (employee): Nowadays, in the current situation, you are often just glad if you have
enough work to do yourself.

M19 (manager): Because not enough people want to do such work. That is what
makes it different from the past. In packaging in the 80s, you could find many more
people for such work, and there are fewer and fewer of them.

Participants' responses indicate that workload is a crucial factor influencing the ac-
ceptance of collaborative robots, with high workload levels —where demands exceed
the capacity of the available workforce—being associated with increased acceptance. In
contrast, the motivation to integrate collaborative robots decreases when the existing

workload is perceived as insufficient.

Operational restrictions

This main code captures critical statements related to operational constraints influenc-
ing the use of collaborative robots, including physical restrictions and environmental
conditions. These constraints encompass factors relating to product specifications and
manufacturing parameters. For example, Participant M15 highlighted temperature ex-
posure requirements during production, which impose restrictions on allowable produc-
tion durations. Additionally, Participant M9 emphasised the necessity of appropriate

mounting and stability conditions for the collaborative robot.

M15 (manager): There are limitations regarding the products themselves, for exam-
ple, when it comes to temperature exposure. The cobots are located in normal rooms,
but our products are temperature-sensitive, or at least mostly temperature-sensitive.
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M9 (employee): It only became apparent later that it has to be 100% stable and that
it needs to be screwed on. It is not enough for the cobot to just stand on a stable table.

The operational constraints associated with using collaborative robots indicate the ne-
cessity of meticulously selecting manufacturing processes suitable for their integration.
This can enhance their acceptance, effectiveness and provide a foundation for reliable

system performance.

Previous automation experience

The main code, "previous automation experience", encompasses critical statements re-
lating to participants' prior involvement in automation projects. This main code is fur-
ther delineated into two codes addressing both successful and unsuccessful implemen-
tations, thereby providing insights into the challenges and achievements experienced by
participants in the past. For instance, as evidenced by Participant F12, introducing a spe-
cificindustrial robot has failed to meet production objectives. Conversely, Participant F3

reflects a perception of work simplification attributable to previous automation efforts.

F12 (employee): | think this is more of a negative example (existing industrial robot).
It definitely was not worth it at all. | believe it was a bad investment.

F3 (employee): In retrospect, | have to say that all the machines we received have
actually made our work easier.

It is imperative to recognise that prior experiences with automation, irrespective of their
outcomes, directly influence employees' attitudes towards adopting new technologies,
such as collaborative robots. Positive experiences in particular contribute to a favoura-
ble perception, whereas negative experiences have the opposite effect.

In conclusion, "contextual factors" highlight the importance of considering external and
internal organisational influences when implementing collaborative robots. Key deter-
minants of successful adoption include robust management support, conducive organi-
sational conditions, and sufficient allocation of time and resources. Past experiences
with automation also offer valuable insights for planning and executing future initia-
tives. Consequently, it would be advisable to assess how individuals and groups view
previous automation projects, as these perceptions underpin the effective implementa-

tion and acceptance of collaborative robots.
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4.4.1.7 Workplace dynamics

This theme explores the influence of workplace dynamics on employees' perceptions
and attitudes towards collaborative robots. It considers the role of leadership culture,
peer influence, and the technology implementation process, with particular attention to
social interactions such as employee involvement and quality of communication
throughout the process. A visual representation of this theme is shown in the following
figure, derived from the reflexive thematic analysis process outlined in Subsection

3.4.4.4.

The 182 critical statements analysed within this theme were derived from data collected
through semi-structured interviews, as delineated in Table 4-3. These statements
emerged in response to key questions designed to explore social and organisational dy-
namics, such as: "Do you think there are opinion leaders in the group?, How do they
behave?", "How have cobots changed your human resources management?", and "Is
there a (conflicting) positioning within the group (pro/con cobot)? If so, why and how do

you deal with it?" Based on these responses, the following main codes were developed.

Phases of reflexive thematic analysis

Keywords Codes Main codes Theme
Leadership » (Leadership culture -
2
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Figure 4-9: Reflexive thematic analysis process—workplace dynamics

Leadership culture

This main code, anchored by the keyword leadership, addresses the role of leaders in
introducing and integrating collaborative robots within the workplace. The approach

taken by leaders in managing technological change is vital in shaping employees' atti-
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tudes, levels of receptivity, and overall acceptance of the new technology, as evidenced

by the following excerpts from managers.

M15 (manager): | think some of the employees can be convinced very well with theo-
retical explanations, but others need to be convinced in practice.

M20 (manager): And that is a classic management task: simply bringing the whole
team back together, getting everyone back on track, and formulating a clear vision.
We need to increase efficiency, but we are also trying to relieve employees by reduc-
ing their workload and repetitive tasks.

The critical statements associated with this main code indicate the importance of effec-
tive leadership in shaping positive employee attitudes towards collaborative robots. The
data further suggest that a dual approach, involving both practical demonstration and
clear explanation of the underlying principles and benefits, can be particularly beneficial

in communicating the full potential of this technology.

Peer influence

This main code captures the impact of peer influence on employees' perceptions of col-
laborative robots. The opinions, behaviours, and prior experiences of colleagues can
substantially shape individual perceptions and attitudes, as stated by Participants F12

and M15.

F12 (employee): At the beginning, you often heard that it did not work [...], especially
from people who had worked with it a lot, who were familiar with the technology,
and who had to learn it.

M15 (manager): | hope that he (the employee) not only experiences the benefits
firsthand when things work well, but is also encouraged by seeing his colleagues use
it successfully, motivating him to move in that direction as well.

The findings of this study indicate that peer influence may contribute to shaping atti-
tudes towards collaborative robots. Positive experiences shared by colleagues appear
to encourage openness to the technology, while negative accounts may, at times, chal-

lenge its integration within the workplace.

Technology implementation process

This main code examines the role of employees in the implementation process of col-
laborative robots, particularly emphasising the level of involvement and the mode of
communication. Both factors are critical in shaping employees' willingness to adopt this

technology. Accordingly, the main code "technology implementation process" is struc-
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tured into three codes: "high involvement”, "low involvement", and "communication”.
The interview data revealed notable discrepancies in participants' perceived levels of
involvement in the implementation process, as evidenced by the differing excerpts of
M1 and M13. Additionally, the significance of transparent communication during the
implementation phase was repeatedly emphasised, as exemplified by the insights pro-

vided by Participant F8.

M1 (employee): | was involved from the initial idea through to implementation and
wrote most of the programs for it together with a few other colleagues.

F13 (employee): Well, as | said, we were not really involved in the set-up of the whole
thing.

F8 (employee): Yes, when it was introduced to us, we received a presentation, and |
thought to myself: "Wow".

In light of these critical statements, it is imperative that managers carefully determine
the appropriate level of employee involvement in the implementation process of collab-
orative robots. Equally important is establishing clear, consistent, and transparent com-

munication strategies.

Overall, "workplace dynamics" highlights the importance of leadership style, peer influ-
ence, and communication in shaping employees' perceptions and attitudes towards col-
laborative robots. A participatory leadership approach, positive experiences shared by
peers, and high levels of employee involvement and transparent communication during
implementation are crucial for the successful integration of collaborative robots. Ad-
dressing these factors can foster a supportive organisational climate for adopting col-
laborative robot technology, improving operational efficiency and employee satisfac-

tion.

4.4.1.8 Attitude towards cobots

This theme captures individuals' overarching perceptions of collaborative robots con-
cerning their use and advancement. These perceptions are shaped by the cumulative
influence of the previously identified input factors, reflecting how collaborative robots
are understood and valued at both the individual and organisational levels. This theme
includes a spectrum of attitudes, encompassing positive, negative, and neutral or am-

bivalent sentiments towards collaborative robots. Figure 4-10 visually represents this
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theme derived from the reflexive thematic analysis process outlined in Subsection

3.4.4.4.
Phases of reflexive thematic analysis
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Figure 4-10: Reflexive thematic analysis process—attitude towards cobots

A total of 211 critical statements were identified regarding this theme, as shown in Table
4-3. These statements were elicited through observations and key questions in the semi-
structured interviews, including: "What is your perception of the cobots?" and "How val-
uable do you think the cobots are to the department?" The analysis of the qualitative

data collected resulted in a set of main codes outlined in the following section.

Attitude towards use

This main code covers critical statements from participants on individual attitudes and
opinions towards the practical application and everyday use of collaborative robots.
These attitudes span a spectrum from positive to neutral and negative, reflecting the
diversity of employee perspectives. The variability in these perceptions is illustrated
through selected interview excerpts. In this context, key words such as benefits, fun,
wait-and-see approach, and competition thinking serve as the conceptual anchors for

these codes.

Positive attitude:

M10 (employee): We should work together, and | think [...] we will have a lot of fun
with the cobots.
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M11 (employee): If you look at costs and benefits, | would always say it is beneficial.
Because if we discover even one small thing that no person has to deal with anymore,
but the robot can handle, then we have already gained something.

Neutral attitude:

F22 (employee): Let us wait until the thing is here, and then we will see. And then we
have to wait and see how it develops.

F12 (employee): | need to see it for myself or work with it myself in order to really be
able to judge it.

Negative attitude:

F13 (employee): Yes, in the end, | have to say it is a strange feeling to work with the
machines.

M15 (manager): And there are also employees, but in my view, there are only a few
who still say: | am even faster than the cobot. | can do it more reliably and faster.

The critical statements above reflect a broad spectrum of attitudes towards collabora-
tive robots. Importantly, these attitudes are a foundation for successfully integrating
collaborative robots into pre-defined work processes. Understanding and addressing

these varying perspectives is essential for effectively integrating collaborative robots.

Attitude towards advancement

In contrast to the previous main code, this main code encompasses participants' critical
statements concerning their attitudes and expectations regarding developing and
adapting collaborative robots in practical applications. The focus here is on ongoing
technological development within the work process, setting it apart from the broader
organisational openness to technological change in general. The associated codes illus-
trate the coexistence of both positive and negative sentiments. For instance, Partici-
pants M1 and M19 express favourable views, whereas M2 and M24 articulate negative
perspectives. Furthermore, another identified code captures constructive recommen-
dations for potential improvements to the collaborative robots or the manufacturing

process involving their use, as exemplified by statements from F14 and M5.

Positive attitude:
M1 (employee): It is easy to work with these cobots, to create a new program and see
if it works. It is always the same: if it works, then it is fun.

M19 (manager): And it was precisely the people with an affinity for technology who
wanted to use it straight away, and there were a few who then familiarised them-
selves with the programming.
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Negative attitude:

M2 (employee): Theoretically, it is possible to learn how to program the cobots. But
everything in me resists even thinking about it.

M24 (manager): New products are usually somewhat more complex in structure, and
sometimes | do not see the potential for them to be processed by the cobot.

Improvement ideas:

F14 (manager): Yes, it would be cool if it (the cobot) could insert two components, one
after the other, for example.

M5 (employee): That it could possibly make slightly faster movements.

With respect to the improvement process, the critical statements suggest that not all
employees prioritise the various aspects of improvement equally in the early stages of
implementation. However, continuously advancing collaborative robots and adapting
their applications to operational settings may be beneficial in order to unlock their full
potential in efficiency, flexibility, and quality.

Collectively, the theme of "attitude towards cobots" offers a nuanced and in-depth over-
view of individuals' perceptions, encompassing both the practical utilisation and pro-
spective development of this technology. While some employees express enthusiasm
and recognise substantial benefits and future potential, others adopt a more cautious
or sceptical perspective. Given that the number of critical statements regarding the main

rn

codes' "attitude towards use" and "attitude towards advancement" is comparable, it can
be argued that both dimensions hold equal significance in understanding employees'
overall perception toward collaborative robots.

In light of the identified themes categorised as input factors, it is recommended that
these themes be considered when assessing employees' perceptions of collaborative
robots. This assertion is supported by the diverse attitudes toward collaborative robots
observed among employees throughout the study, with findings indicating that the iden-
tified input factors have a direct influence on these attitudes. Thus, these input factors
can offer strategic leverage points that organisations can utilise to support positive em-

ployee attitudes and foster the effective adoption of collaborative robots, which might

have the potential to influence system performance.
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4.4.1.9 Summary of input factors

This subsection summarises the critical input factors identified through reflexive the-

mnon

matic analysis as the following themes: "personal factors", "subjective usefulness", "sub-
jective user-friendliness", "emotional factors", "cobot characteristics", "contextual fac-
tors", and "workplace dynamics". This study posits that these input factors collectively
contribute to shaping the overarching construct of "attitude towards cobots", reflecting
the cognitive and affective stance individuals or groups adopt towards collaborative ro-
bots. This construct comprises the underlying beliefs and emotional responses influenc-
ing the acceptance and integration of collaborative robots within organisational set-
tings.

Overall, the significance of the identified input factors lies in their role as fundamental
determinants for the successful implementation of collaborative robots in manufactur-
ing settings. A thorough understanding and systematic consideration of these factors
enables organisations to design targeted interventions and support mechanisms that
facilitate employee acceptance and promote the effective utilisation of collaborative ro-
bots.

Nonetheless, the identified input factors reflect employees' pre-existing perceptions ra-
ther than their experiential insights gained through interacting with collaborative ro-
bots. Therefore, incorporating the experiential dimensions into the analysis is impera-
tive. To this end, the following subsection introduces the process factors, specifically

capturing the lived experiences of using collaborative robots in practice.

4.4.2 Process factors

In addition to the aforementioned input factors, the current study identified two over-
arching themes categorised as process factors. The process-related themes were con-
structed from the analysis of 11 codes derived from over 400 critical statements from

participants, as shown in Table 4-3.

Specifically, these themes were "interaction with cobots" and "impact on workplace dy-
namics". The first theme concerns employees' direct experiences with collaborative ro-
bots. These experiences include utilising collaborative robots within existing work pro-
cesses, advancing such processes, or configuring new processes facilitated by integrat-

ing such robots. A key determinant shaping these experiences was the frequency of in-
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teraction. The second theme explores the broader implications of collaborative robot
interaction on workplace dynamics. This includes shifts in organisational processes, so-
cial interaction and communication, and changes in employees' perceptions of their
work. Both themes were informed by four to seven underlying codes each. The following
subsections provide an in-depth examination of each theme, outlining the key aspects

and insights derived from the reflexive thematic analysis.

4.4.2.1 Interaction with cobots

The theme "interaction with cobots" captures participants' first-hand experiences with
the practical application and routine use of collaborative robots, particularly focusing on
the frequency of interactions. This theme encompasses positive and negative experi-
ences and reflects a range of engagement types when utilising collaborative robots. The
visual presentation of this theme, as elucidated by the reflexive thematic analysis pro-

cess outlined in Subsection 3.4.4.4, is shown in the following figure.

Phases of reflexive thematic analysis
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Figure 4-11: Reflexive thematic analysis process—interaction with cobots

This theme and associated codes are grounded in 277 critical statements, as depicted in
Table 4-3. Except for one code, the initial identification of critical statements was pri-
marily informed by data collected through participant observation. These codes were
subsequently refined based on the interview data, which included responses to experi-
ence- and behaviour-oriented questions such as: "What do you see as positive or nega-
tive about working with cobots?", "Have there been any improvements in the collabora-

tion/working process with the cobots, or do you have any additional ideas for improve-

-163-



ments?", and "How has the use of cobots changed over time?" The analysis of this qual-

itative data led to the development of the main codes outlined below.

Experience of use

This main code includes participants' critical statements about their experiences with
the practical application and utilisation of collaborative robots. The experiences are clas-
sified into two codes based on recurring keywords, distinguishing between positive and
negative experiences. For example, Participants M18 and M1 reported favourable expe-
riences, highlighting the collaborative robot's effective support in facilitating manufac-
turing processes. Conversely, several participants described negative experiences pri-
marily associated with malfunctions and operational disruptions. These experiences are

further elaborated below, drawing on illustrative excerpts from participants.

Positive experience:

M18 (manager): Yes, it has become more positive, thanks to successes and results.

M1 (employee): Well, the last few orders really went through smoothly from start to
finish. So, there are simply no points of criticism: it works.

Negative experiences:

F6 (employee): As | said, at the moment we have been set back significantly by the
offset.

M10 (employee): If it does not work or only works halfway, at half power, then it takes
away more work time than it is worth.

In light of the aforementioned critical statements, positive user experiences are strongly
related to the reliable and uninterrupted operations of collaborative robots, free from

malfunctions.

Experience with advancement

This main code captures critical statements from participants concerning their experi-
ences with developing and adapting collaborative robots in practical applications. The
experiences encompass both positive developments and negative setbacks and are or-
ganised into two distinct codes based on the selected keywords. Positive experiences
are exemplified by statements from Participants M17 and M25, who emphasised that
collaborative robots have significantly improved since their initial implementation. In
contrast, negative experiences were also reported, as illustrated by excerpts from Par-

ticipants F4 and M1.
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Positive experience:

M17 (employee): So yes, it is a continuous process that never stops, | would say. We
then simply rewrote a programme, for example, used less speed, and then checked
whether it was better or worse. So yes, there are continuous improvements going on.

M25 (employee): But especially since the upgrade, when it became capable of han-
dling five at once, there has been a remarkable improvement.

Negative experience:

F4 (employee): Did anyone really feel responsible for it at the beginning? | do not think
anyone said at first: You have to take care of it now.

M1 (employee): Sure, of course there were things that did not work right from the
start. With the grippers, for example, we went through several rounds, tried different
approaches, and had to print new parts.

As indicated by the critical statements associated with this main code, positive experi-
ences are closely linked to continuous improvement processes related to the utilisation
of collaborative robots. Conversely, negative experiences were primarily attributed to
ambiguous role responsibilities and extended development timelines. These experi-
ences reflect the advancement and adaptation of collaborative robots as technological

systems, distinct from broader organisational attitudes or readiness for change.

Interaction frequency

The following main code includes critical statements from participants regarding the fre-
guency of their interactions with collaborative robots. The frequency of utilisation ap-
pears to influence employees' degree of familiarity and proficiency with the technology,
as evidenced by excerpts from Participant F12. Furthermore, several statements ad-
dressed an acceptable frequency of interaction for employees, as illustrated by the ex-

cerpt from participant M17.

F12 (employee): | just think that someone who has worked entirely or extensively with
the cobot naturally has a completely different level of knowledge and a completely
different attitude towards it.

M17 (employee): | would not have a problem if | did that more often or mainly that.
Participants repeatedly emphasised that frequent interaction is vital to enhancing pro-
ficiency when working with collaborative robots.

In conclusion, the theme of “interaction with cobots" emphasises the significance of un-

derstanding both the positive and negative experiences of employees in utilising and
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advancing collaborative robot technology. While some employees reported productive
engagements fostering a more optimistic perspective, others encountered challenges
and setbacks hindering effective integration. Notably, a comparative analysis of critical
statements relative to positive and negative experiences highlights the added value and

progress achieved in human-robot collaboration.

Moreover, the frequency of interaction was found to substantially influence employees'
attitudes and knowledge levels regarding collaborative robots. Employees who engaged
more regularly with the collaborative robots tend to report more positive experiences
and greater familiarity. However, it is crucial to acknowledge that not all employees are
willing to interact with collaborative robots daily. As such, individual preferences must

be considered to foster positive user experiences.

4.4.2.2 Impact on workplace dynamics

The theme, "impact on workplace dynamics", captures the multifaceted transformations
associated with integrating collaborative robots into the workplace. This theme under-
scores how collaborative robots reshape the workplace by influencing interpersonal dy-
namics, modifying work processes, and contributing to changes in the broader organi-
sational culture, thus altering the social structure and team relationships. As Figure 4-12
illustrates, these dynamics emerged from the reflexive thematic analysis process out-

lined in Subsection 3.4.4.4.

Phases of reflexive thematic analysis
Keywords Codes Main codes Theme

« Alterations in
Reduced exchange » \social interactio

Changes in

loser ration > i
Closer cooperatio > cooperation

Process adjustments > (" Transformation in
org. processe

Perception, value >  Changes in per-
ception of wor

Impact on
workplace dynamics

Organising -> Describing - Explaining

Notes: org. = organisational

Figure 4-12: Reflexive thematic analysis process—impact on workplace dynamics
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This theme is grounded in 128 critical statements, almost exclusively derived from data
collected through semi-structured interviews, as shown in Table 4-3. Central to the de-
velopment of this theme were key questions, including: "How has collaboration within
the group changed because of the implementation of the cobots?", "Has the implemen-
tation of the cobot changed employees' perceptions of the value of their work? If so, how
or why?", and "How has working with cobots changed the working atmosphere?" These
qguestions formed the foundation upon which the subsequent main codes were devel-

oped.

Alterations in social interaction

This main code includes critical statements from participants regarding changes in social
interaction due to direct engagement with collaborative robots within work processes.
In this context, social refers to the interpersonal contact, collegial feedback, and conver-
sational aspects that shape relationships and team atmosphere. Changes in this context
reflect how collaborative robots influence social aspects of work, as stated by Partici-

pants F22 and M10.

F22 (employee): Yes, of course, there is no feedback if something is not working. Or
you do not have that collegial interaction that is completely gone.

M10 (employee): Well, if | were in a room with the cobot, it would get boring at some
point. So, | would prefer to sit with someone, because then you can talk to each other.

As indicated above, participants reported reduced social interaction when working with

collaborative robots, a development that may affect the overall workplace atmosphere.

Changes in communication and cooperation

This main code includes critical statements from participants regarding the impact of
collaborative robot implementation on intra-team communication and cooperation.
These insights demonstrate how the integration of collaborative robots can influence
team dynamics. Notably, the statements from Participants F26 and M10 indicated that
adopting collaborative robots strengthened closer cooperation between teams within a

working group.

F26 (manager): In terms of how it feels, | would say that there used to be the group
of production technicians and the group of production workers, which were two small,
distinct groups. | do not think that has completely gone, but it has definitely softened.
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M10 (employee): Well, you work a bit more closely with the production workers be-
cause there needs to be an alignment.

Participants' critical statements indicate that closer cooperation between the teams is
facilitated by a shared objective, specifically, the implementation and use of collabora-

tive robots.

Transformation in organisational processes

This main code includes critical statements from participants concerning the transfor-
mation of organisational processes due to implementing collaborative robots. These
statements demonstrate the necessity for modifying established workflows and proce-
dures, as Participants F6 and F15 asserted. In light of this data, the keyword process

adjustments were identified.
F6 (employee): But | also see it as a process we have to get used to—for example, that
one or two people cannot go to the production belt because there is now a cobot

working (that needs to be supervised). You simply have to establish a procedure so
that everyone can deal with it. There are simple rules, and that is all.

F15 (manager): And if | am not doing the work at my own workstation, but at another
general workstation at the cobot, | simply have to change the processes.

The critical statements highlighted the necessity of adapting organisational processes to
accommodate the new manufacturing configuration introduced by integrating collabo-
rative robots. Such targeted adjustments are likely to play an important role in ensuring

that workflows remain efficient and employees can effectively use the new technology.

Changes in perception of work

This main code encompasses critical statements from participants regarding alterations
in their perception of work and their value after implementing collaborative robots. This
is exemplified by interview excerpts from Participants M19 and M1, who emphasised
the importance of using collaborative robots for meaningful tasks and more satisfying

work processes.

M19 (manager): Because we did not say that you are doing a job that a machine could
just do without a second thought. Instead, we argued that it is really a shame for
someone like you to sit at a table for eight hours just putting vials in. A machine can
do that, too. You can do something more valuable in this time.

M1 (employee): But, as | said, I really enjoy working with them. It is just incredibly
satisfying for me, and yes, it is fun.
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Overall, the interviews revealed a positive shift in employees' perceptions of their roles,
based on their experiences working with collaborative robots. Employees reported that
their redefined tasks were perceived as more valuable and intrinsically satisfying.

In conclusion, the theme of "impact on workplace dynamics" elucidates the multifaceted
effects of collaborative robot technology within workplace settings. Although integrat-
ing collaborative robots can lead to enhanced efficiency and the implementation of new
work processes, it simultaneously has the potential to alter social interactions, commu-

nication patterns and employees' perceptions of their work.

Evidence suggests that the integration of collaborative robots has reduced social inter-
action and, consequently, cooperation among colleagues—an outcome regretted by
most employees who mentioned this aspect. In contrast, the case study revealed that
collaboration between teams within a work group was strengthened through a shared
goal associated with implementing collaborative robots. In addition, employees who en-
gaged directly with collaborative robots reported a positive shift in their perception of
work. However, it is vital to acknowledge that improvements in system performance are
contingent upon the adaptation of organisational processes to meet the evolving de-

mands posed by collaborative robot integration.

4.4.2.3 Summary of process factors

The themes identified as process factors encompass dynamic elements integral to hu-
man-robot collaboration, characterised explicitly as "interaction with cobots" and "im-
pact on workplace dynamics"”. These process factors exert a direct influence on collabo-
rative robot acceptance, manufacturing productivity and overall efficiency. Improved
acceptance and work outcomes can be achieved by creating an environment that fosters
positive experiences in human-robot collaboration and proactively managing shifts in
workplace dynamics. The changes observed in this study are multifaceted, stemming
from alterations at both the individual and group interaction levels and broader organi-
sational process adaptations. Collectively or independently, these transformations can
reshape employees' perceptions of their work. Consequently, continuous improvements
in these process factors hold potential to increase acceptance, productivity and effi-

ciency in the long term.
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Overall, the identified process factors serve as a bridge between input and output fac-
tors. Thoughtful consideration of these input and process factors facilitates the effective
development of human-robot interactions, which drive favourable outcomes. Accord-
ingly, the output factors elucidated in the current study are discussed in the following

subsection.

4.4.3 Output factors

The analysis defined two overarching themes conceptualised as output factors. Within
this context, eight main codes were derived from nearly 300 critical statements made
by participants. These statements were subjected to a systematic derivation process,
culminating in the two themes shown in Table 4-3. The developed themes are "ac-
ceptance of collaborative robots" and "system performance”. Each theme is under-

pinned by a distinct set of four main codes.

Acceptance of collaborative robots predominantly relates to individual-level factors,
whereas system performance is primarily related to organisational-level processes. No-
tably, system performance aligns closely with the study's objective to explore and iden-
tify the critical factors influencing system performance when integrating collaborative

robots in the healthcare manufacturing sector.

The study findings reveal a strong interrelationship between "acceptance of collabora-
tive robots" and "system performance" themes. The latter theme extends beyond the
conventional production efficiency measures, such as time savings and reductions in hu-
man effort, to accommodate broader considerations, such as product quality and the
long-term orientation of work practices. Consequently, this conceptualisation of system
performance extends beyond the conventional manufacturing productivity framework,
which typically focuses on output and resource utilisation. While Coronado et al. (2022)

provide valuable insights, their perspective differs from the framework applied here.

The following subsection provides a visualisation and detailed discussion of each theme,

following the analysis approach previously undertaken for the input and process factors.
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4.4.3.1 Acceptance of cobots

The theme "acceptance of cobots" is grounded in the premise that accepting collabora-
tive robots is contingent upon individuals' attitudes and prior experiences with the tech-
nology. Acceptance and resistance are conceptualised in active and passive forms, of-
fering a nuanced understanding of the individual perspectives and behaviours observed
in this context. Figure 4-13 illustrates this theme following the analysis process de-

scribed in Subsection 3.4.4.4.

Phases of reflexive thematic analysis

Keywords Codes Main codes Theme
. . o Active
Excitement, happiness > acceptance -
o
Passive (]
Acceptance > 2 g
, 8o
No need, independence > Passive S S
resistance 9
. i <
Resistance >
resistance
Organising -> Describing -> Explaining

Figure 4-13: Reflexive thematic analysis process—acceptance of cobots

This theme is derived from 97 critical statements, most of which originate from data
collected through semi-structured interviews, as shown in Table 4-3. The key questions
guiding participants' reflections on this theme included: "If you have the choice of run-
ning a production with or without cobots, how would you decide and why?" and "Should
the cobots be removed from the production process? (and why/why not)" The responses
to these questions informed the conceptualisation of the main codes underpinning this

theme.

Active acceptance

The main code comprises critical statements from participants demonstrating a clear
and active acceptance of collaborative robots. In this context, the keywords excitement
and happiness emerged as salient indicators of participants' positive mindset when en-
gaging with the technology. lllustrative evidence of this main code is presented in the

following interview excerpts.

M9 (employee): | am happy every time | go to the cobot and think, yes, | can set up
something new again or fix an error.
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F4 (employee): So, nothing has changed. | am still genuinely excited—about what it
does, what it can do, and especially about what it might be able to do in the future.

Participants who demonstrated active acceptance of collaborative robots frequently ex-

pressed a strong commitment and enthusiasm toward the technology.

Passive acceptance

The main code includes critical statements from participants who passively support in-
tegrating collaborative robots. While generally receptive, these individuals do not ex-
hibit strong enthusiasm or a high level of commitment, as illustrated by the following

statements from participants.

M19 (manager): | believe that the more you deal with it or the more you have to do
with it yourself, the more you accept it.

M18 (manager): Then acceptance is simply higher if | do not have to go there every
time only to find that the thing is whistling and not working.

The data suggest that passive acceptance of collaborative robots reflects a relatively

positive, albeit restrained, attitude toward the technology.

Passive resistance

The main code of "passive resistance" comprises critical statements from participants
who adopt a passive stance towards using collaborative robots, often expressing a pref-
erence for alternative methods. These individuals, such as Participants F12 and F13, do
not display overly negative or hostile attitudes towards collaborative robots. Instead,

they prefer to avoid their use when possible.

F12 (employee): So, for me personally, for my work, for my everyday work, | honestly
do not need it right now.

F13 (employee): And that is why, at the moment, | would prefer to do it manually,
simply because | feel better or safer doing it that way.

Participants within this group frequently cited a lack of personal interest as a primary

reason for preferring manual manufacturing processes over collaborative robots.

Active resistance

This main code includes critical statements from participants who actively resist using
collaborative robots, express strong negative sentiments, and reject the technology.
Such attitudes are exemplified in the statements provided by Participant M11 and are

similarly reflected in the remarks of Participant F14.
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M11 (employee): Well, it just had the effect that there was total rejection. Really, ab-
solutely total.

F7 (employee): | do not need to stand next to it (cobot) because of the noise. The noise

level is just too much for me.

In the present study, instances of active resistance were relatively limited. However,
when such resistance occurred, it was characterised by strong objections and, at times,
a complete rejection of the technology.

In conclusion, the "acceptance of cobots" theme demonstrates employee attitudes to-
wards collaborative robots, ranging from active acceptance to varying degrees of re-
sistance. While some employees demonstrate enthusiasm and proactive support for in-
tegrating collaborative robots—often associated with higher levels of direct interac-
tion—others exhibit passive or active resistance, which is generally associated with
lower or moderate interaction frequencies and adverse experiences. Notably, in an ex-
treme instance, the rejection of an entire manufacturing process involving a collabora-
tive robot was observed, influenced by the interplay between the robot's specific attrib-

utes and individual employee factors.

By elucidating these divergent acceptance levels, organisations can tailor their strategies
to foster greater acceptance, for instance, by optimising user experiences and promot-

ing transparent communication about the benefits and challenges of the technology.

4.4.3.2 System performance

The theme of "system performance"” encompasses the impact of the implementation of
collaborative robots on the overall productivity of the organisational system. It incorpo-
rates multiple dimensions, including human effort, production time, product quality,
and future work orientation, all collectively influencing overall productivity and effi-
ciency. This theme is visually represented in Figure 4-14, developed through the reflex-

ive thematic analysis process detailed in Subsection 3.4.4.4.

The theme is grounded in data from document analysis—especially the comparison of
bills of materials from production with and without collaborative robots—and 169 criti-
cal statements provided by study participants, as depicted in Table 4-3. These state-
ments were elicited through key questions such as: "How has the productivity of the

relevant production lines changed as a result of the cobots?" and "To what extent did
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the product quality change as a result of cobots?" The reflexive thematic analysis of

these data resulted in the following main codes.

Phases of reflexive thematic analysis
Keywords Codes Main codes Theme
. Reducti f
Productivity, reduced effort >
o
(%]
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Effectivity, production time g g
hd
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Quality > (_ product quality v "'5
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Future readiness > (~ Future orienta-
tion of work
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Figure 4-14: Reflexive thematic analysis process—system performance

Reduction of human effort

This main code includes critical statements from participants indicating reduced human
effort required in manufacturing processes attributable to utilising collaborative robots,
a finding also apparent in the data analysis of the bills of materials. lllustrative excerpts

from interviews with Participants M11 and M23 are provided below.

M11 (employee): So you save yourself one person who would otherwise spend the
whole day on the insertion process. Of course, that person can then work on some-
thing else and therefore also contributes to output. So, from that perspective, produc-
tivity has definitely increased.

M23 (employee): The employee is only there to fix errors and either bring pallets over,
take the full ones away, and put the empty ones back in. That just means less work
and fewer employees are needed.

The critical statements mentioned above demonstrate the potential of collaborative ro-
bots to undertake repetitive and labour-intensive tasks, thereby reducing the amount
of human effort required for certain production processes. This reduction in human in-
volvement may allow organisations to reallocate workforce resources in accordance

with operational needs.

Reduction of production time

The following main code comprises critical statements from participants concerning re-
ducing production time facilitated by utilising collaborative robots. Notably, reflections

from Participants F6 and M1 emphasise the potential of collaborative robots to improve
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the efficiency of manufacturing processes, a finding further substantiated by document
analysis.

F6 (employee): Then | only need half the time for the order.

M1 (employee): Well, the cobots became more efficient because they simply got
faster. As | said before, first we went from just one pick to handling four Sarstedt vials
at the same time, and then, with the second cobot, we were able to increase through-
put simply by increasing the number of pieces.

Within the context of the study, participants asserted that collaborative robots possess

the capacity to facilitate enhanced throughput and faster order fulfilment.

Impact on product quality

This main code explores the impact of collaborative robots on product quality within
manufacturing settings. It includes critical statements highlighting the capacity of col-
laborative robots to enhance consistency and reliability in manufacturing processes, as
exemplified by Participant M1. Concurrently, this main code also reflects the limitations
of collaborative robots in replicating the meticulous attention to detail inherent in hu-

man labour, as illustrated by Participant M19.

M1 (employee): And the cobot does not have any concentration problems either, be-
cause it just puts its stuff in. It always fills up this module, and it does not forget a
Sarstedt vial. It simply cannot do that. That is a big advantage.

M19 (manager): But the cobot cannot see what it is doing. Just to give one example:
our employees are used to paying a lot of attention to the appearance of the product.

Product quality enhancement emerged as a recurring topic among participants, with
many attributing reductions in error rates to the utilisation of collaborative robots. How-
ever, most participants who discussed this aspect also observed that product aesthetics
may be superior when certain tasks are executed manually, reflecting nuanced percep-

tions of quality.

Future orientation of work

Finally, this main code incorporates critical statements from participants concerning the
impact of collaborative robots on the future orientation of work, anchored conceptually
by the keyword future readiness. The following excerpts from Participants F13 and M25

illustrate perspectives related to this topic.

-175-



F13 (employee): Because | believe that it is extremely important for the future to
simply be open. Regardless of the cobots, something always changes.

M25 (employee): For me, that has always been a step into the future, and basically, |
think it is a good thing.

Participants perceived the utilisation of collaborative robots as indicative of a transition
towards a future-oriented approach to work, characterised by organisational openness
to adopting new technologies and a commitment to keeping work practices current and
innovative. This reflects an organisational mindset defined by openness toward change.
In conclusion, the "system performance"” theme demonstrates the substantial positive
impact of collaborative robots on an organisation's overall performance. Central to this
enhancement is the minimisation of human effort, highlighted by 21 out of the 27 par-
ticipants, underscoring its critical role in driving system performance improvements. Ad-
ditionally, 18 participants each emphasised the importance of reducing production time
and maintaining product quality, indicating that considerations extend beyond mere
output volume to encompass process efficiency and final product quality. It is reasona-
ble to infer that product quality benefits from error reduction associated with the auto-
mation of manual tasks. Finally, the future orientation of work was identified as a salient
factor influencing system performance, reflecting participants' view that an organisa-
tion's attitude toward embracing new technologies and keeping work practices up to
date signals its readiness for change and innovation. This future-readiness is considered

increasingly important in today's dynamic manufacturing landscape.

4.4.3.3 Summary of output factors

The defined output factors, namely "acceptance of cobots" and "system performance”,
focus on the measurable outcomes of implementing collaborative robots within the
manufacturing process. A key finding of this study is the significant role that individual
acceptance of collaborative robots plays in fostering a productive organisational system.
Moreover, the analysis underscores the importance of the previously identified input
and process factors in facilitating overall productivity enhancements. Evaluating these
outcomes illustrates that implementing collaborative robots has improved workflow ef-
ficiency and product quality. In particular, reducing human errors and automating re-

petitive tasks emerged as critical contributors to increased organisational productivity.
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System performance, as an output factor pertaining to the organisational context, high-
lights the tangible benefits of collaborative robots within real-world manufacturing set-
tings. Thus, organisations must engage in meticulous planning and implementation that

systematically integrates input and process factors to fully realise these advantages.

The insights presented in this subsection regarding the critical factors influencing system
performance in the healthcare manufacturing sector provide a solid empirical founda-

tion for developing a multifaceted conceptual framework.

4.5 Development of the conceptual framework

The analysis process undertaken thus far has focused on organising, describing, and ex-
plaining the qualitative data, following the three steps described by Spencer et al.
(2014). The ensuing discussion advances to the interpretative phase and the formulation
of abstract concepts, ultimately leading to the development of a conceptual framework,

as Naeem et al. (2023) advocated.

The generated themes were initially categorised as input, process, and output factors,
representing a preliminary structuring to guide conceptual framework development.
This categorisation was subsequently refined to reflect the influence exerted by each
theme, distinguishing between individual-level and organisational-level factors influenc-
ing acceptance. Furthermore, these acceptance-related factors were explicitly associ-
ated with system performance. The researcher posits that a holistic analysis of attitudes
and experiences regarding collaborative robots necessitates a nuanced understanding
of the interaction between individual-level and organisational-level factors. Such an un-
derstanding is essential for examining how acceptance of collaborative robots shapes

system performance within healthcare manufacturing.

Individual-level factors influence employees' acceptance and effective utilisation of col-
laborative robots, shaping their engagement with the technology. Conversely, organisa-
tional-level factors encompass broader social dynamics and contextual characteristics
that govern collective interactions with collaborative robots. These factors are vital in
shaping organisational culture and influencing workforce-wide acceptance. The deline-
ation between individual and organisational levels of analysis thus offers an essential

structural dimension for developing the conceptual framework.
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The resulting conceptual framework is presented in Figure 4-15. As previously outlined,
the identified themes are differentiated along two key dimensions: first, in terms of their
classification as input, process, or output factors, and second, concerning their relevance

at the individual or organisational level.

INPUT PROCESS OUTPUT
Personal factors
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Figure 4-15: Conceptual framework of cobot acceptance and system performance

The following subsection presents the development of the conceptual framework by
contextualising the developed themes in relation to one another, with particular em-
phasis on their interrelationships. It addresses each process dimension within the frame-

work, commencing with the input dimension.

4.5.1 Input dimension

Input factors at the individual level

At the individual level of the input dimension, four themes were identified, as they each
reflect personal characteristics, perceptions, and preferences that directly influence in-

dividual perceptions and responses. The first theme, "personal factors", encompasses

-178-



employees' personal attributes, expertise about collaborative robots, and inherent pre-
dispositions towards engaging with this technology. This theme appears to exert a form-
ative influence on three other individual-level themes: "subjective usefulness", "subjec-
tive user-friendliness" and "emotional factors". It can be argued that personal factors
function as a fundamental layer shaping an individual's cognitive evaluations and affec-
tive responses. Thus, these personal factors act as background conditions that influence

how individuals perceive the usefulness, usability, and emotional acceptability of collab-

orative robot integration.

To illustrate this relationship, the role of previous experience with robots serves as a
pertinent example. This experiential value was particularly relevant for employees who
engaged directly with the collaborative robots. A distinction was drawn between em-
ployees with prior experience with industrial robots and those without, to assess

whether this personal factor influences other individual-level input factors.

Of the participants, nine employees reported no previous experience with robots, while
eight had previous experience with robots. Despite this nearly equal distribution, a strik-
ing disparity emerged in their perceptions: over 80% of the 95 critical statements related
to the main code “cobots perceived as threat" were made by employees without previ-
ous experience with robots. This pattern suggests that a lack of direct experience with

robots substantially shapes negative perceptions of collaborative robots.

In contrast, the 72 critical statements assigned to the code "“cobots perceived as oppor-
tunity" were more evenly distributed between the two groups, with approximately 45%
originating from employees without experience with robots and 55% from those with
previous experience. This relatively balanced distribution suggests that both groups may
share a comparable level of curiosity and hold similarly positive expectations regarding
collaborative robots. Nevertheless, prior experience with robots might mitigate anxiety
regarding integrating collaborative robots, diminishing the tendency to perceive them

as a threat.

Another example of how personal factors influence individual-level input factors can be
observed through the demographic variable job position. This factor categorises the em-
ployees interacting directly with collaborative robots into two groups: production tech-
nicians (n=6) and production workers (n=11). Regarding the code "physical relief", it is
noteworthy that over 80% of the 57 critical statements identified were made by produc-

-179-



tion workers. These workers reported experiencing greater physical relief in their rou-
tine work activities due to utilising collaborative robots. However, when accounting for
differences in group size, a more balanced distribution of critical statements emerged
for codes "relevance of the cobot" and "goal achievement". This suggests that, despite
role-based differences in task execution, these themes are equally salient across both

occupational groups.

To further elucidate the interrelationship between the theme of "personal factors" and
other individual-level input factors, "subjective user-friendliness" can be examined
through the lens of "learner friendliness". Analysis of relevant critical statements re-
vealed that both production technicians (33 statements) and production workers (57
statements) addressed this topic. Adjusted for group size, learner friendliness emerges
as a salient concern across both occupational categories, with production technicians
mentioning it more frequently. In contrast, managers (n=10) referenced this aspect con-

siderably less often (15 statements).

At the theme level, a notable divergence emerged between production workers and
technicians regarding the frequency and focus of critical statements on subjective user-
friendliness. Specifically, production workers placed greater importance on "ease of
use", whereas production technicians more frequently highlighted "ease of advance-
ment". These findings suggest a divergence in priorities between the two groups, with
production workers emphasising operational usability and production technicians plac-

ing greater emphasis on the advancement and adaptation of the technology.

In addition to these findings, "personal development”, understood as opportunities for
individual growth, also revealed notable differences, as managers referenced this theme
considerably more often (26 statements) than production technicians (10 statements)
or production workers (8 statements). These disparities highlight role-specific differ-

ences in the emphasis placed on development opportunities.

The frequencies of the previously mentioned critical statements are presented in the
matrix coding queries in Appendix F.1 and Appendix F.2, further illustrating these find-
ings. It is imperative to emphasise that these numerical values are not intended to be
interpreted quantitatively. Instead, their purpose is to describe the patterns and rela-

tional trends evident within the data.
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Moreover, additional demographic factors categorised under the broader theme of
"personal factors" were identified as influencing the three remaining input factors at the
individual level. Specifically, age and gender emerged as salient variables in this context.
The influence of these demographic factors is presented in Appendix F.3 and Appendix

F.4, which present matrix coding queries stratified by participants' age and gender.

Finally, within the theme of "personal factors", another aspect represents working pref-
erences, such as the tendency to prefer working in a team or individually. These prefer-
ences are considered a background condition, as indicated by critical statements from
participants regarding their preferred working style. However, this relationship could
not be systematically analysed through a matrix coding query, since not all employees
explicitly stated their preferences during the interviews. This is because the potential
influence of working preferences in shaping participants' experiences only became ap-
parent at a later stage during data analysis, by which point not all participants were
available for further inquiry. Nevertheless, the available evidence suggests that working
preferences may play a noteworthy role in shaping individual attitudes towards collab-

orative robots.

In conclusion, the examples discussed above illustrate the impact of personal factors on
the remaining three individual input factors. This relationship is visually represented by
the corresponding arrows in the conceptual framework, signifying the interconnected-

ness of these variables.

Input factors at the organisational level

At the organisational level of the input dimension, three overarching themes were iden-
tified through the analysis. These themes were assigned to the organisational level be-
cause they reflect factors that originate from, or are shaped by, the broader organisa-

tional environment rather than by individual characteristics.

The first theme, "cobot characteristics"”, pertains to the intrinsic attributes and func-
tional capabilities of collaborative robots, including their technical specifications and the
rationale underlying their implementation. The second theme, "contextual factors", cap-
tures the broader environmental and situational context in which collaborative robots
are deployed. This includes external aspects such as workload intensity, employee utili-

sation, and operational constraints, together with internal elements such as organisa-
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tional conditions and management support. The third theme, "workplace dynamics”,
addresses the interpersonal and social dimensions within the work environment that
influence the perception and integration of collaborative robots. This theme includes

team dynamics, communication patterns, and the overall social atmosphere.

Resulting input factor: Attitude towards cobots

The previously identified themes at the individual and organisational levels function as
critical input factors that collectively influence attitudes towards collaborative robots.
This overarching theme encompasses holistic perceptions of the technology, including
initial impressions of its role, utility, and value within the workplace. These attitudes
encompass a spectrum of positive to negative responses and neutral or ambivalent
stances. The diversity of these perspectives is exemplified by the contrasting statements
of Participants M17 and M2, who illustrate fundamentally divergent attitudes toward

integrating collaborative robots.

M17 (employee): So, | enjoy working with machines. But whether it is a robot arm or
another machine does not really matter to me.

M2 (employee): Until everything is running smoothly, | am glad if | do not have any-
thing to do with the cobot.

In conclusion, this theme encompasses the cognitive and affective components of indi-
viduals' responses to collaborative robots, including their perceptions and intended use
patterns. The theme "attitude towards cobots" thus constituted the foundation for the

process dimension of the conceptual framework.

4.5.2 Process dimension

Process factor: Interaction with cobots

The process factor "interaction with cobots" operates across both the individual and the
organisational levels, as it encompasses both personal engagement and experiences, as
well as collaborative dynamics that emerged during the use of the technology. Here,
collaborative dynamics refer to the ways in which employees work together, share ex-
periences, and adapt collectively to the integration of collaborative robots. In this con-
text, the frequency of interaction with collaborative robots was identified as a vital var-

iable.
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Employees directly interacting with the collaborative robot can be distinguished accord-
ing to their interaction frequency, which is classified as low, medium, or high. As defined
in Section 4.2, the frequency of interaction is considered low when an employee inter-
acts with collaborative robots at least once per year, medium when interaction occurs
at least once a month, and high when interaction occurs at least once a week. The par-
ticipant sample comprised seven employees with low interaction frequency and five in

the medium and high interaction categories.

The frequency of critical statements coded under "experience with advancement" ex-
hibits a clear positive association with interaction frequency. This is evidenced by 3 crit-
ical statements from employees with low interaction frequency, 17 from those with me-
dium interaction frequency, and 42 from those with high interaction frequency. Notably,
the data indicate that as interaction levels increased, so did the proportion of positive
experiences in relation to negative ones. Therefore, these findings suggest that varia-
tions in interaction frequency lead to changes in the nature and intensity of user expe-
rience with the technology, as evidenced by the varying prevalence of this aspect across
different groups. The frequencies of critical statements referenced above are docu-
mented in Appendix F.5. These data are utilised solely for qualitative interpretation to

substantiate the identified relationships within the main code.

Overall, the conceptual framework employs directional arrows to illustrate the direct
impact of the critical input factor "attitude towards cobots" on the subsequent process

factor "interaction with cobots".

Additional process factor at the organisational level

In the process dimension, the second developed theme, "impact on workplace dynam-
ics" pertains to the organisational level, as it addresses changes in social interactions,
communication patterns, collaborative work processes, and the perceived value of
work. For example, Participant F13 indicated reduced social interactions when working
with collaborative robots compared to manual manufacturing settings. Moreover, Par-
ticipant M20 suggested that the perceived value of work improved with the introduction
of collaborative robots, particularly because tasks previously performed without the as-

sistance of collaborative robots were characterised by a high degree of repetition.

-183-



F13 (employee): | do think it is getting a bit lonelier. Maybe you work a bit more for
yourself, alone.

M20 (manager): There were also other areas of application (for the cobots), because
the job was very repetitive and anything but rewarding.

These changes are attributed to the introduction of collaborative robots, ongoing inter-
action with them, and the optimisation of work processes involving these robots. They
include modifications to organisational practices, operational procedures, and work-

place conditions, collectively resulting in a reconfigured work environment.

This reconfiguration has implications for two critical factors: "workplace dynamics" as
an input factor and "interaction with cobots" as a process factor. The former concerns
the evolving nature of organisational dynamics, whereas the latter refers to employees'
experiential engagement with collaborative robots under the new conditions. This inter-
relationship is visually illustrated in the conceptual framework depicted in Figure 4-15,
which features bidirectional arrows between "interaction with cobots" and "impact on
workplace dynamics”, as well as a feedback arrow from "impact on workplace dynamics"”
to "workplace dynamics”. These connections underscore the recursive nature of the
conceptual framework, whereby changes to critical factors can initiate a renewed cycle
of adaptation and interaction. Against these interdependencies, the discussion now

turns to the output dimension of the conceptual framework.

4.5.3 Output dimension

Output factor at the individual level

The output dimension at the individual level of the conceptual framework relates to the
degree of acceptance of collaborative robots. This dimension enables the categorisation
of employees into four distinct groups based on their acceptance or resistance towards
integrating collaborative robots. The critical factor, "acceptance of cobots", is shaped by
two crucial factors, as viewed from the process dimension. First, a direct influence is
exerted by the theme "interaction with cobots", which reflects the employees' lived ex-
periences with the technology. Second, an indirect influence arises from the "impact of
workplace dynamics" theme. The corresponding directional arrows visually represent

these interdependencies in the conceptual framework.
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Output factor at the organisational level

At the organisational level, the output factor is represented by the theme "system per-
formance", capturing the impact of collaborative robot integration on the overall per-
formance of the organisational system. To illustrate the interdependencies within the
conceptual framework, directional arrows were included to link the individual-level out-
put factor "acceptance of cobots" with the organisational-level output factor "system
performance". This linkage reflects that system-level outcomes are largely contingent

upon individuals' acceptance of the technology.

From a process dimension perspective, an additional arrow was drawn from the theme
“interaction with cobots" to the theme "system performance"”, representing a direct in-
fluence of individual experiences with collaborative robots on organisational perfor-
mance and an indirect influence mediated through the theme "impact of workplace dy-
namics"”. Including this pathway emphasises the significance of lived experiences within
the social context in shaping "system performance". Thus, the conceptual framework
delineates a dual-pathway model, illustrating that system performance is directly
shaped in two ways: through employees' level of acceptance of collaborative robots,

and through their individual interactions with the technology.

4.5.4 Summary of conceptual framework development

The conceptual framework developed in this study demonstrates the critical factors in-
fluencing acceptance and system performance in the context of collaborative robot in-
tegration within healthcare manufacturing. Developing this conceptual framework was
guided by an interpretive and conceptualisation-based approach, as Naeem et al. (2023)
proposed. This conceptual framework is structured around the following three principal

dimensions.

Input dimension: At the individual level, personal factors—conceptualised as back-
ground conditions—shape the influence of other input factors, such as subjective use-
fulness, user-friendliness, and emotional factors. These personal factors include employ-
ees' previous experience with robots, job position, gender, and age, all of which are par-
ticularly important for understanding individual perceptions of collaborative robots.

These findings highlight the critical role of accounting for individual backgrounds and
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predispositions when analysing technology acceptance. At the organisational level, in-
put factors encompass broader organisational dynamics, including the inherent charac-
teristics of collaborative robots, contextual factors like workload and managerial sup-

port, and workplace dynamics involving team interactions and communication patterns.

Process dimension: The process factors encompass the dynamic interactions between
employees and collaborative robots, manifesting at individual and organisational levels.
Central to this dimension is the frequency and quality of interaction with collaborative
robots and their impact on workplace dynamics. These interactions can alter communi-
cation patterns, foster or hinder cooperation among employees, and even influence

how employees perceive the value of their work.

Output dimension: This dimension encompasses two themes. At the individual level, the
acceptance or resistance to collaborative robots can be active or passive and is influ-
enced by personal experiences and workplace dynamics. At the organisational level, the
collective acceptance of collaborative robots drives system performance, thereby illus-
trating the interconnectedness between individual attitudes and organisational out-

comes.

In conclusion, the conceptual framework illustrates the complex interplay between in-
dividual predispositions, organisational dynamics, and human-technology interactions
in the context of collaborative robot integration. By mapping the interdependencies
across input, process, and output dimensions at individual and organisational levels, the
framework offers an integrative lens to understand the multifaceted factors that influ-
ence the acceptance of collaborative robots, which thus shape system performance. Do-
ing so facilitates the optimisation of system performance and technological benefits

while proactively addressing implementation challenges.

Aligning with the conceptual framework, individual acceptance of collaborative robots
emerges as a critical determinant in enhancing system performance. Consequently, the
following section presents recommendations for creating conditions for favourable user
responses and attitudes towards collaborative robots, thereby illustrating the practical

relevance of the conceptual framework for real-world implementation strategies.
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4.6 Creating conditions for favourable user responses

The conceptual framework developed in this study provides a foundation for formulat-
ing recommendations aimed at supporting favourable user responses to collaborative
robots and contributing to improved system performance. Accordingly, this section pre-
sents a multifaceted, evidence-based strategy to foster user acceptance by specifically

addressing the various types of acceptance and resistance identified.

Drawing on the conceptual framework, the matrix in Figure 4-16 illustrates the four
identified types of acceptance and resistance using two axes. These axes correspond to
two critical factors, "attitude towards cobots" and "interaction with cobots", which were
previously identified within the input and process dimensions of the conceptual frame-
work. The matrix also integrates the specific influencing factors associated with each
dimension. Since these factors fundamentally shape the level of user acceptance across
the four groups, their consideration is essential for developing effective strategies to

enhance acceptance.

INPUT FACTORS Passive Active

Organisational level

v

Cobot characteristics
Contextual factors
Workplace dynamics

aAIle3aN

Passive acceptance Active acceptance

Individual level

v

Subjective usefulness
Subjective user-friendliness
Emotional factors

Passive resistance Active resistance

Attitude towards cobots

3AINSOd

T Interaction with cobots T

PROCESS FACTORS

Interaction frequency
Experience of use
Experience with advancement

Figure 4-16: Acceptance of collaborative robots (individual level)

Building on the previously developed conceptual framework and its associated dimen-
sions, it can be posited that each of the identified input factors has the potential to in-
fluence employees' attitudes towards collaborative robots positively. Similarly, interac-

tion with collaborative robots can be shaped constructively through targeted interven-
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tions addressing the process-level factors. Consequently, individual acceptance of col-
laborative robots can be enhanced by actively shaping the input and process factors.
This insight offers organisational decision-makers a well-grounded foundation for de-
signing context-specific strategies to create conditions that foster positive user ac-

ceptance of collaborative robots.

The following section presents a series of recommendations grounded in the theoretical
constructs of the developed conceptual framework to elucidate its practical application.
Critical statements from participants are incorporated to reinforce these recommenda-
tions, providing empirical support with a particular emphasis on the four types of ac-
ceptance and resistance identified. Accordingly, the following subsections are organised
into four main types of acceptance: active acceptance, passive acceptance, active re-

sistance, and passive resistance.

4.6.1 Active acceptance

Active acceptance can be defined as employees' enthusiastic and proactive engagement
with collaborative robots. Individuals demonstrating active acceptance are willing to use
these technologies, actively explore their potential, and contribute to their successful
integration and advancement. Consequently, these employees frequently discover
novel ways to use collaborative robots, leading to improved processes and increased
productivity. They show initiative in learning and experimenting, and in disseminating
positive experiences with others, thereby fostering a supportive environment that pro-
motes technological adoption. Based on participant observations and semi-structured

interview data, several employees exemplify this level of acceptance.

Fostering a proactive and enthusiastic attitude towards collaborative robots is crucial
for harnessing their full potential within the workplace. Employees who exhibit such at-
titudes are more inclined to engage in experimentation and optimisation of the technol-
ogy, leading to improved productivity and fostering innovation. Their positive attitude
can inspire and motivate their peers, creating a culture of continuous learning and ad-

aptation.

Considering these employees have already demonstrated active acceptance, the em-
phasis should shift from further encouraging acceptance to supporting engagement.
Consequently, organisational decision-makers must prioritise organisational-level input
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factors when designing strategies to reinforce the high level of acceptance demon-

strated by this group, as outlined in the matrix in Figure 4-16.

An illustrative example of a targeted measure can be derived from the identified critical
factor "workplace dynamics”, particularly those relating to leadership culture. Managers
should ensure employees have sufficient time for ongoing interaction with collaborative
robots, supporting both technological refinement and process optimisation. Establishing
a community of practice among these employees can further promote peer learning and
provide a forum for sharing experiences and addressing implementation challenges.
These recommendations are substantiated by interview statements highlighting the ne-
cessity of continuous engagement with emerging technologies, which managers must

actively enable and support.

M23 (employee): Yes, it really is a major step forward [...] when someone is involved
in a project like this who can fully concentrate on the matter at hand and also has the
time to think and reflect.

M21 (manager): | think it was the right approach to allow the employees to engage
with the concept and then to design the system as a project.

In addition, further measures based on the critical "workplace dynamics" factor—par-
ticularly leadership culture—may be beneficial. For example, introducing a reward struc-
ture for employees who demonstrate positive interactions with collaborative robots can
encourage such behaviour. This can be achieved by defining clear performance objec-
tives and providing active monitoring and support. Recognising and rewarding employ-
ees' efforts may motivate them to sustain or increase their engagement with the tech-
nology. This strategy was corroborated during the interviews from a variety of view-
points, as illustrated by Participant M9, who noted that implementing a reward mecha-

nism enhanced active interaction with collaborative robots.

M9 (employees): | think (the increase in interaction with the cobots) depends on the
objectives of the performance reviews.
Overall, it is crucial for organisations not to overlook this group of employees, as they
are already demonstrating active acceptance. To further strengthen their commitment,
management may consider strategies such as providing sufficient time for engagement,
fostering a community of practice, or implementing reward systems. Such interventions
can reinforce individual commitment to position these employees as change agents who

can foster favourable attitudes toward collaborative robots in the workforce.
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4.6.2 Passive acceptance

Passive acceptance indicates a willingness to utilise collaborative robots without display-
ing strong enthusiasm. Individuals exhibiting this level of acceptance are typically recep-
tive to new technology yet lack the motivation or enthusiasm to engage with it actively.
Such individuals may utilise collaborative robots as required but do not go beyond their
immediate tasks to explore additional functionalities or process improvements. Based
on the data collected, this group appears to include several employees in the present

case study.

Passive acceptance, while seemingly positive on the surface, can pose significant risks
to the successful integration of collaborative robots. Employees who use the technology
only out of necessity often remain disengaged, resulting in suboptimal utilisation and

limited productivity gains.

To enhance user acceptance within this group, it is recommended to expand active in-
teraction with collaborative robots, as outlined in the matrix in Figure 4-16. This recom-
mendation is further corroborated by critical statements made in the interviews, includ-
ing excerpts from M15, who advocates for a participatory approach to implementing
collaborative robots. Therefore, a gradual increase in employee participation is recom-
mended, allowing them sufficient time to adapt and become comfortable with the new

situation.

M15 (manager): So, taking a participatory approach, turning those affected into ac-
tive participants and, in a way, turning the situation around.

Such an inclusive approach can facilitate employees' comprehension and appreciation
of collaborative robots, increasing the likelihood of active interaction. This progressive
engagement model facilitates a gradual escalation in the complexity of interaction. At
the outset, employees may be introduced to elementary tasks, such as performing sim-
ple pick-and-place operations with an experienced colleague, which builds confidence.
As proficiency increases, they may progress to more complex tasks, including configuring
the collaborative robot and executing novel tasks autonomously. This stepwise ap-
proach provides clear guidelines and developmental milestones, enabling employees to

discern their progress and build competencies over time.

In addition, organisational-level input factors are critical for this group, such as those

related to the technology implementation process. Notably, actively involving employ-
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ees in the implementation can enhance acceptance and provide opportunities for per-
sonal and professional development. It is important that direct managers explicitly com-
municate these opportunities, as highlighting the benefits of deeper involvement may
encourage employees to invest time and effort in acquiring relevant skills and foster
greater engagement with the implementation process. A practical strategy could involve
creating individualised development plans that articulate specific goals and milestones
for integrating collaborative robots and optimising associated workflows. This finding is
supported by qualitative data from the interviews, wherein several participants, such as
M27 and M15, emphasised development opportunities linked to increased involvement

in the implementation phase.

M27 (manager): This is a development opportunity for me (as an employee), so that |
can take the next step. It is really about user stories, about a collaborative way of
working, but also about one's own personal, intrinsic motivation to grow in the work-
place.

M15 (manager): Well, | naturally involve those who are positive about it in the imple-
mentation.

The primary objective for this group of employees should be to enhance interaction with
collaborative robots, which can be achieved through various methods. Practically, this
involves increasing direct engagement and gradually raising task complexity to match
employees' developing competencies. Managers should create opportunities for greater
involvement in the implementation process, fostering professional growth and career

advancement.

4.6.3 Passive resistance

The term "passive resistance" denotes a more nuanced form of opposition to collabora-
tive robots. Employees exhibiting passive resistance do not overtly reject the technol-
ogy. Instead, they demonstrate a lack of full engagement. Such individuals may deliber-
ately avoid utilising collaborative robots whenever possible, limit their involvement to
the bare minimum required, or exhibit a general disinterest in technology. The classifi-
cation of employees within this group was derived from empirical data collected during
the case study. A few employees were identified as representatives of this group in the

current study.
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Passive resistance can significantly undermine overall acceptance and productivity by
causing inefficiencies and disrupting workflows. This disengagement may subtly erode
employee morale and confidence in the technology, weakening collective acceptance.
Over time, such effects can hinder the realisation of collaborative robots' full benefits

and limit organisational growth.

An appropriate initial step for employees within this group may involve creating condi-
tions that promote a more favourable acceptance of collaborative robots. This ap-
proach, as outlined in the matrix in Figure 4-16, focuses on addressing the individual-
level input factors. Central to this process is the effective dissemination of information
concerning the benefits and opportunities of integrating collaborative robots into man-
ufacturing workflows. This aligns closely with the critical factor of "subjective useful-
ness", which refers to an individual's perception of the technology's utility in improving

task performance.

To this end, it is essential to highlight the positive outcomes achieved through collabo-
rative robot implementation. One effective strategy involves presenting real-world suc-
cess stories, such as video testimonials that showcase both current applications and em-
ployee experiences. These can be shared with all employees, as exemplified by Partici-
pant M18. Additional application-based examples can further demonstrate how this
technology enables more efficient work practices. Such illustrative materials help make
the technology more tangible and reinforce its potential impact on manufacturing pro-

cesses.

M18 (manager): We also showed some videos of what it can do now and so on. | think
that is never a bad thing. Especially when you have something new, we should talk
about it and show it to everyone.

To increase employee interaction with collaborative robots, the next phase of integra-
tion should encourage identified employees to engage by completing basic tasks. This
process should begin incrementally, starting with observational learning—where em-
ployees watch demonstrations without active participation—before gradually transi-
tioning to direct interaction. Participant M20 exemplified such a phased approach in the
present case study. Tailoring the level of interaction ensures support is aligned with each

employee's needs and readiness, fostering a more effective integration experience.
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M20 (manager): And that was actually how we established a really effective door
opener. At the time, | had the employees sit right next to the cobots.

For this group, one of the principal considerations is providing initial support and assis-
tance, including training and ongoing assistance from individuals with experience in the
manufacturing processes involving collaborative robots. This recommendation is de-
rived from the critical factor of "subjective user-friendliness". Organisations may imple-
ment mentoring programs or establish peer learning groups to facilitate this process.
The relevance of such measures is substantiated by interview data, particularly from

Participants F12 and F13, as detailed below.

F12 (employee): Right now, honestly, | am still really unsure. | would actually need a
proper introduction and some training.

F13 (employees): | think it would be good to do it step by step [...] with training ses-
sions or something like that, [...] or if | have a production technician next to me, so
that | could just ask questions.

Identifying this particular form of refusal presents a significant challenge, as it does not
manifest through overt opposition but rather through subtle disengagement. Conse-
quently, it is critical to accurately identify which employees fall within this group. This
underscores the necessity of effective communication between managers and employ-
ees, particularly emphasising the role of active listening skills. In response, managers
should aim to strengthen employees' engagement with collaborative robots by increas-
ing the frequency of interactions. Such behaviour is likely to model a more positive atti-
tude and contribute to a shift in employee acceptance. The overarching objective is to
foster a work environment that promotes positive reinforcement of collaborative robot

interaction, facilitating open dialogue regarding the technology.

4.6.4 Active resistance

Active resistance refers to the explicit and deliberate opposition to implementing and
utilising collaborative robots. Employees exhibiting this form of resistance often voice
their concerns openly, resist changes to established workflows, and may even engage in
behaviours that obstruct the adoption process. The underlying causes of active re-
sistance can be multifaceted, including fears of job displacement, discomfort with new
technology, or prior negative experiences with automation. In the context of this case

study, the collected data indicated that only one employee falls within this group.
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A refusal to adopt collaborative robots can have a detrimental impact on both opera-
tional performance and workplace cohesion. Active resistance may create bottlenecks
and disrupt manufacturing processes, leading to delays and reduced efficiency. This can
also undermine team performance, as inconsistent adoption of new processes may
cause miscommunication and errors. Moreover, such resistance can foster conflict be-
tween employees who support and those who oppose new technologies, ultimately im-

peding the organisation's capacity for innovation and adaptability.

For this group of employees, the concerns associated with implementing collaborative
robots constitute a critical area requiring focused managerial attention. As a preliminary
step, itis essential to understand the nature of these concerns. The individual-level input
factors identified in the conceptual framework, including "emotional factors", may serve
as a valuable reference point for this purpose. Such understanding can be facilitated
through one-on-one meetings or small group discussions. The next step involves deliv-
ering transparent and evidence-based information to address misconceptions and psy-
chological fears, particularly those related to job security, which emerged as a recurring
issue among many study participants. Proactively managing these emotional concerns
helps to promote conditions that mitigate anxiety and reduce resistance, fostering a
more transparent and trusting relationship between employees and management. It is
vital to acknowledge that emotional reactions are a natural response to perceived

threats or uncertainty, as exemplified by the reaction voiced by Participant M2.

M2: Let me put it this way: | am standing there [...] bashing the cobots with a steel
pipe until there is nothing left of them. Even back then, | knew how it would turn out,
that it would all go wrong—and | have been proven right.

Given the critical stance often held by individuals in this group, their feedback should be
regarded not merely as resistance but as a potentially valuable source of insight. Such
input can inform meaningful improvements when articulated constructively. By focusing
on understanding and addressing the root causes of resistance, organisations may re-
frame opposition as a constructive force, facilitating a transition from resistance to ac-
ceptance. However, managers must proceed cautiously, ensuring that implementation

does not progress too rapidly, as doing so may risk alienating employees.
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4.6.5 Summary of creating conditions for favourable user responses

The preceding subsections outline a systematic approach to supporting user acceptance
of collaborative robots, addressing diverse manifestations of acceptance and resistance
identified in this study. The first step is to use effective communication to determine
which type of acceptance each employee demonstrates—whether it is active ac-
ceptance, passive acceptance, passive resistance, or active resistance. Such identifica-
tion can provide a basis for employee-focused support, tailored to the employee's dis-
position. Consequently, this responsibility constitutes a crucial function of direct mana-

gerial roles.

Figure 4-17 synthesises the actions discussed previously that can foster the acceptance
of collaborative robots in manufacturing environments. Each recommendation thereby
represents a strategic intervention to enhance user acceptance, ultimately supporting

the successful practical integration of collaborative robots in manufacturing settings.

Process factors

Organisational level input factors Organisational level input factors
Passive acceptance Active acceptance
(O]
2 2 Adopt a participatory approach Allocate sufficient time
§ § Involve employees in implementation Foster a community of practice
B Gradually increase complexity of tasks Implement a reward system
©
5 Passive resistance Active resistance
g 2 Demonstrate advantages
S B . X .
£ % Encourage performing simple Actively address fears
<= Provide support
Passive T Interaction with cobots T Active
Individual level input factors Individual level input factors

Process factors

Figure 4-17: Measures to support acceptance of collaborative robots (individual level)

The actions and measures proposed in the previous figure may serve as a foundation for
creating conditions for favourable user responses and acceptance in contexts beyond
those directly examined in this study. While the presented recommendations offer prac-
tical guidance, it is vital to note that this list is not intended to be exhaustive. The next
step entails the practical application of the conceptual framework developed in this

study, enabling managers to independently derive context-specific measures that go be-

-195-



yond the examples provided, tailored to the distinct requirements of each implementa-
tion scenario.

The recommended strategies must be implemented in conjunction with the explicit and
sustained support of direct managers, as Breese et al. (2018) advocated. To this end, it
is essential that managers actively promote the adoption of collaborative robots by
clearly articulating their benefits and aligning them with organisational goals. Crucially,
this process should involve proactive engagement with different employee groups and,
when appropriate, individualised interactions tailored to specific concerns. Through such
targeted implementation, organisations are better positioned to harness the full poten-
tial of collaborative robotics, advancing both individual development and organisational

performance.

4.7 Chapter summary

This chapter presented the research findings derived from the qualitative data collected
during the study. To ensure a clear and logical presentation of these results, the chapter
was structured into three main sections, each aligned with one of the central research

objectives of this thesis.

The initial categorisation of identified codes and themes was based on input, process,
and output factors. A visual representation was developed for each theme to illustrate
its salient features derived from the reflexive thematic analysis. These visualisations pro-
vided a sound foundation for a holistic description, including precise definitions of each
theme and illustrative excerpts from participant statements. Furthermore, an interpre-
tative analysis was conducted for each theme to elucidate the significance of the find-
ings against the research objectives. The relevance of the results was demonstrated
through explicit connections to the overarching research question and the broader re-
search context. Consequently, this approach facilitated a nuanced understanding of the
complex interrelationships and dynamics among the themes, thereby clarifying the crit-
ical factors that influence the acceptance and system performance in collaborative robot

applications.

The second part of this chapter focused on developing a conceptual framework. To this
end, the identified themes were further categorised at the individual or organisational
level, thus providing additional structure and insights. The level-based categorisation fa-
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cilitates a deeper understanding of employee attitudes towards collaborative robots by
distinguishing influences operating at personal and organisational domains. In conclu-
sion, this thesis presents a conceptual framework (see Figure 4-15) that offers a nuanced
understanding of the complex interplay between individual and organisational factors
influencing the acceptance of collaborative robots and, consequently, system perfor-

mance.

Building on the developed conceptual framework, this chapter further proposed recom-
mendations to create conditions for favourable user responses to collaborative robots.
In this context, a critical inquiry was undertaken to explore strategies and approaches
that may contribute to greater acceptance of collaborative robots across diverse em-

ployee groups within a healthcare manufacturing environment.

The findings presented in this chapter establish the foundation for the subsequent dis-
cussion and conclusions presented in Chapter 5. Accordingly, the following chapter of-

fers a nuanced synthesis and critical evaluation of the research findings.
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Chapter 5: Discussion and conclusion
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5.1 Introduction

This chapter synthesises the key findings of the study, which lays a solid foundation for
the following discussion and conclusions. The research findings are critically examined
within extant literature, situating the empirical findings within the broader academic
discourse. This process of contextualisation is pivotal in highlighting the theoretical sig-
nificance and practical implications of the research. A comprehensive evaluation of the
study's methodological rigour and limitations is also outlined. Based on these insights,
recommendations for future research are provided. The chapter concludes with per-
sonal reflections on the research process and the insights gained during this project,

followed by the conclusion of the thesis.

5.2 Discussion of research findings with literature

This chapter aims to facilitate a multifaceted discussion of the key research findings
within the framework of existing literature. The focal point of the following discourse
pertains to the research question underpinning this study: "How do factors influencing
the acceptance of collaborative robots (cobots) shape system performance in the
healthcare manufacturing sector?" The three research objectives, derived from this
overarching research question, serve as critical reference points in structuring and sub-

stantiating the response to the research question.
These research objectives are as follows:

1. To explore and identify the critical factors that influence the acceptance of col-

laborative robots (cobots) in the healthcare manufacturing sector.

2. To develop a conceptual framework that illustrates how acceptance-related fac-
tors are associated with system performance, grounded in empirical insights and
contextualised within existing theoretical perspectives on human-robot collabo-

ration and technology acceptance.

3. To derive actionable recommendations to create conditions for favourable user
responses to collaborative robots (cobots) within the context of healthcare man-
ufacturing.

This study seeks to contribute to bridging the research gap identified at the outset by

addressing the outlined research objectives. Recent studies highlight limitations in un-
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derstanding individual acceptance of collaborative robots, particularly with respect to
methodological scope (Liao et al., 2024). In addition, the research gap, as highlighted by
Hopko et al. (2022), concerns the limited understanding of system performance in col-
laborative robot implementation from a holistic perspective, addressing human, robotic,
environmental, and organisational factors. Further studies have elaborated on this gap,
notably emphasising the neglect of emotional aspects within this context (Cigdem et al.,
2023; Hopko et al., 2022; Liao et al., 2024). Moreover, according to the literature review,
previous research is predominantly grounded in laboratory-based investigations. Con-
sequently, there is a clear call within the literature for empirical studies situated in real-
world manufacturing settings to capture the complexities and contextual nuances of
collaborative robot implementation (Liao et al., 2023; Liu, Caldwell, Rittenbruch, Miige,
Burden, & Guertler, 2024; Parvez et al., 2022). The present study responds to this gap
by providing empirical insights derived from implementing collaborative robots within

the manufacturing department of a leading global healthcare company in Germany.

However, before addressing the individual research objectives, it is imperative to reflect
on the appropriate timing for analysing and situating the findings within the context of
existing literature. This consideration is particularly relevant given the methodological
foundation of the study, which is based on constructivist grounded theory that empha-

sises the inductive development of theoretical insights grounded in empirical data.

5.2.1 Literature review in grounded theory research

The appropriate timing of a literature review during a research project has been the
subject of much debate among grounded theorists (Bryant & Charmaz, 2007; Charmaz,
2014; Dey, 1999). This controversy can be traced back to the seminal work of Glaser and
Strauss (1967), who advocated for delaying engagement with extant literature until the
initial stages of data collection and analysis were completed. Their rationale was to pre-
serve the researcher's theoretical sensitivity and avoid premature conceptual closure,
thereby fostering openness to emergent patterns in the data. However, contemporary
perspectives highlight the necessity of situating a study within the broader scholarly dis-
course. Stern (2007) posits that literature reviews in grounded theory research serve
two vital functions: first, to demonstrate how a study contributes to and advances ex-

isting knowledge, and second, to recognise and critically engage with prior scholarship.

-200-



In this regard, constructivist grounded theory supports previous literature to inform the
formulation of research questions and objectives, thereby striking a balance between

inductive discovery and scholarly contextualisation.

The literature review for this study was conducted in two phases to ensure that existing
scholarship was engaged with at the appropriate stages of the research process. Initially,
a preliminary review of the literature was conducted following the structured literature
review methodology proposed by Piccarozzi et al. (2018) to establish a detailed overview
of the relevant scholarly discourse related to the central topic of the study. This in-
formed the research design and provided contextual grounding before data collection
and analysis. In the second phase, the literature review was systematically updated and
refined in light of the emergent themes identified through reflexive thematic analysis.
This iterative approach ensured the review aligned with the study's evolving insights and

interpretive framework.

The initial literature review served to identify the research gap underpinning the present
study. The information gathered during this phase was deliberately set aside after the
preliminary data analysis phase, aligning with Charmaz's (2014) recommendation that
the final literature review should be undertaken after data interpretation. This approach
minimises the risk of allowing preconceived theoretical insights to constrain the analysis

process, fostering a creative engagement with the data (Charmaz, 2014).

The final literature review, which was conducted between September 2024 and January
2025 and presented in Chapter 2 of this thesis, now forms the conceptual foundation
for interpreting the study findings. By integrating relevant scholarly insights post-analy-
sis, the literature review facilitates articulating how this study positions itself within or
extends existing literature in line with the constructivist grounded theory principles
(Charmaz, 2014). Building on this foundation, delving deeper into critical determinants
influencing acceptance and system performance in deploying collaborative robots is es-
sential. The following sections systematically examine the empirical findings in relation

to these research objectives and situate them within the relevant scholarly literature.

5.2.2 Research objective one: Critical factors influencing acceptance

The first objective of this study is to explore the critical factors influencing acceptance
in human-robot collaboration. These factors were identified through a single-case study
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design, employing a qualitative approach. The primary data was collected through eight
observations and 27 semi-structured interviews conducted with participants across dif-
ferent hierarchical levels within the organisation, using a dyadic approach. Data analysis
was conducted using the reflexive thematic analysis outlined by Braun and Clarke
(2006), coding over 2,300 participant statements. The following subsections first synthe-
sise the findings related to this research objective, followed by a discussion within the

relevant scholarly literature.

5.2.2.1 Summary of research findings

To holistically analyse the critical factors influencing acceptance of collaborative robots,
these factors were organised into three categories: input, process, and output. This cat-
egorisation provides a structured framework for examining the multifaceted dynamics
of human-robot collaboration. Input factors represent elements that influence employ-
ees' attitudes towards collaborative robots. Process factors capture the nature of hu-
man-robot interactions within the operational workflow, focusing on how collaboration
unfolds in practice. Output factors pertain to the outcomes of these interactions, includ-

ing employee acceptance of collaborative robots and the resulting system performance.

The critical input factors identified in this study are organised into eight themes. Among
these, "personal factors" constitute a distinct theme that encompasses several back-
ground conditions, each influencing the extent to which other input factors affect ac-
ceptance of collaborative robots. The three other individual-level input factors, influ-
enced by personal factors, are termed "subjective usefulness", "subjective user-friendli-
ness", and "emotional factors". In addition to the previously discussed input factors, the
analysis reveals three further themes related to the organisational level: "cobot charac-
teristics", "contextual factors", and "workplace dynamics". The first theme refers to the
specific technical features and functional roles of collaborative robots within the organ-
isation. In contrast, the latter two themes pertain to organisational attributes and oper-
ational procedures that shape the environment in which human-robot collaboration oc-
curs. These input factors collectively contribute to the emergence of an overarching

theme: "attitude towards cobots", which reflects the general perspective employees

hold toward collaborative robots.
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Moreover, the study identified two themes within the domain of process factors, which
capture the dynamic aspects of human-robot collaboration. The first theme, "interaction
with cobots", relates to employees' direct experiences with collaborative robots. In this
context, interaction frequency emerged as a salient element. The second theme, "im-
pact on workplace dynamics", explores how integrating collaborative robots influences
work processes, patterns of communication and cooperation, and the nature of social

interactions among employees.

The output factors in this study are encapsulated into two overarching themes: "ac-
ceptance of cobots" and "system performance". Both themes focus on the tangible out-
comes of implementing collaborative robots within manufacturing settings. The first
theme relates specifically to employees' acceptance of these robots, while the second
encompasses the broader organisational and social context. Importantly, the latter also
serves as a conceptual bridge for conceptual framework development and provides a
necessary foundation for gaining insight into system performance. Moreover, the "sys-
tem performance" theme captures the outcomes of human-robot collaboration, directly
addressing the central research question by synthesising the observed effects of collab-
orative robotics on acceptance and associating them with overall organisational func-
tioning.

It should be noted that, in Chapter 4, the distinction between individual and organisa-
tional-level factors was not made when presenting the research findings related to the
first research objective. This differentiation emerged only during the subsequent inter-
pretation. However, it is introduced at this point within this section to ensure a clear and

consistent structure throughout the discussion and findings chapters.

Together, the critical factors identified in this study offer a multifaceted overview of how
collaborative robots influence acceptance and system performance. Building on these
findings, the following subsection rigorously analyses these factors in conjunction with

the published literature to contextualise and deepen the discussion.

5.2.2.2 Discussion in relation to extant literature

The generated themes were categorised as input, process, or output factors to facilitate
the analysis and classification of the critical factors influencing acceptance and system
performance. Prior research on human-robot interaction has demonstrated the utility
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of the input-process-output model, along with its various extensions, as an effective
framework for understanding and improving the dynamics of human-robot collabora-
tion (Wolf & Stock-Homburg, 2023; You & Robert, 2017). In line with existing publica-
tions, the structured nature of the input-process-output model makes it particularly well
suited for this study, as it organises the identified themes and provides a transparent
framework for addressing the multifaceted complexities inherent in human-robot coop-
eration. However, none of the previously discussed studies has applied the input-pro-
cess-output model to holistically analyse the critical factors influencing acceptance and
system performance within real-world manufacturing environments deploying collabo-

rative robots, as is done in the present study.

Background conditions based on individual-level acceptance frameworks

The present study identified several background conditions influencing employees' atti-
tudes towards collaborative robots, classified under the overarching theme of "personal
factors". Specifically, these variables include the main codes "expertise of employees”,

"demographic factors", and "work preferences".

The identified background conditions should be discussed within the context of moder-
ating variables of established individual-level acceptance frameworks. Notably, the var-
iable "expertise of employees” identified in this study resonates strongly with the con-
cept of experience as a moderating variable in theoretical frameworks such as TAM?2,
TAM3, and UTAUT (Venkatesh et al., 2003; Venkatesh & Bala, 2008; Venkatesh & Davis,
2000). Experience has consistently been shown to moderate user attitudes and ac-
ceptance towards technology in these frameworks. In this study, one element of exper-
tise is previous experience with robots. This is related to the degree to which an em-
ployee is accustomed to automated work processes. Notably, data analysis reveals a link
between the absence of prior robotics experience and perceived threats associated with
collaborative robots. This observation is derived from the matrix coding query presented
in Appendix F.1, indicating that the majority of statements classified under "cobots per-

ceived as threats" originated from individuals lacking prior exposure to robotics.

Further notable disparities emerged in the distribution of statements concerning previ-
ous experience with robots, particularly in relation to personal development opportuni-

ties, flexibility of the collaborative robot, ease of advancement, and trust in collaborative
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robots. Participants with prior experience with robots consistently referenced these as-
pects more frequently, indicative of a broader and more nuanced appreciation for col-
laborative robots. In contrast, individuals without such experience notably emphasised
the ease of use of these robots, suggesting a primary concern with the immediate, pre-
defined interactions with the technology rather than exploring its broader, transforma-
tive potential. These insights stem from the matrix coding query detailed in Appendix
F.1. Collectively, these findings underscore the role of "expertise of employees" as a
background condition for individual-level input factors within this study. This observa-
tion aligns with established literature on TAM2, TAM3 and UTAUT, as discussed by Ven-
katesh et al. (2003), Venkatesh and Bala (2008), and Venkatesh and Davis (2000).

In addition to the aforementioned background condition, the UTAUT framework incor-
porates demographic factors such as age and gender as moderating variables (Ven-
katesh et al., 2003). This aligns with the findings of the analysis based on the main code
"demographic factors". In the present study, the distribution of statements from indi-
viduals with extensive experience, notably those aged 50 and above, demonstrated a
pronounced inclination to prioritise physical relief and usability of collaborative robots.
In contrast, younger participants predominantly highlighted aspects such as achieving
performance goals, the flexibility of use, and the prospects for further advancements in
collaborative robots, alongside trust in the technology. This divergence in focus suggests
that individuals with greater experience place a higher value on actual utilisation in es-
tablished work processes. In contrast, younger individuals adopt a more progressive out-
look, considering the established workflows and the potential applications of the tech-
nology in future scenarios. The distribution of statements supporting these assertions is

illustrated in the matrix coding query presented in Appendix F.3.

Within the UTAUT framework, gender has been identified as a significant moderating
variable, alongside age, influencing technology acceptance (Venkatesh et al., 2003). The
present case study corroborates this finding, revealing that gender is a background con-
dition influencing perceptions of technology. Notably, female participants frequently
mentioned physical relief as a positive aspect, while articulating concerns regarding new
demands imposed on employees and perceiving collaborative robots as a potential
threat more often than their male counterparts. In contrast, male participants demon-

strated a greater inclination to emphasise factors such as trust in collaborative robots,
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the advancement of technology use, and the flexibility inherent in collaborative robots.
These observations are substantiated by the findings presented in the matrix coding

query in Appendix F.4.

In addition to age and gender, the study introduces job position within the organisation
as another demographic factor for analysing individual-level input factors. As estab-
lished in the literature review in Chapter 2, previous studies on technology acceptance
frameworks such as TAM and UTAUT have not included job position as a moderating
variable. However, the influence of job position on individual-level input factors is

demonstrated by the matrix coding query in Appendix F.2.

Marked differences emerged between managers, production technicians, and produc-
tion workers in how they perceive and evaluate collaborative robots. For instance, the
findings from the group of managers, who placed particular emphasis on personal de-
velopment opportunities, indicate that job position may act as an additional background
condition, offering a distinct perspective on individual-level input factors. Based on
these results, it is proposed that the demographic factors considered in previous studies
should be expanded to include job position as a salient background condition. These
findings are particularly relevant for real-world manufacturing environments, where or-
ganisational roles are clearly defined and can have a substantial impact on how new

technologies, such as collaborative robots, are perceived and adopted.

However, the interplay between job position and gender also warrants closer examina-
tion. The distribution of statements made by production technicians closely mirrored
those of male participants, with frequent mentions of emotional responses, ease of
learning the technology, and perceiving technology as an opportunity. Similarly, the dis-
tribution of statements from production workers aligned more closely with those from
female participants, suggesting potential intersections between gender and role-related
experiences. This assertion is grounded in the demographic distribution of male and fe-
male employees across various job positions within the study sample. Specifically, pro-
duction technicians, who were exclusively male, were contrasted with production work-
ers, of whom 70% were female. This overlap makes it difficult to disentangle the effects
of job position from those of gender. Thus, while the findings suggest that job position
may act as an additional background condition, further research with more balanced

samples is needed to clarify its independent effect.
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In contrast to well-tested theoretical frameworks such as TAM2, TAM3, and UTAUT, the
present study does not incorporate a background condition, "voluntariness of use". This
exclusion is justified by the real-world setting analysed, as the use of collaborative ro-
bots was predominantly voluntary. In addition to the standard moderating variables pro-
posed in these frameworks, the present study introduces an alternative background
condition derived from the main code "work preferences"”. This variable describes em-
ployees' preferences for working in teams or individually, as well as their preferences
regarding the use of automated solutions, such as collaborative robots, versus perform-
ing tasks manually. Since implementing collaborative robots in the studied setting was
voluntary, this background condition holds particular relevance. It should be noted,
however, that the introduction of "work preferences" as a background condition is based
on critical statements rather than a matrix coding query, as was the case for the other
background conditions. This suggests that further research is needed to examine this

aspect in greater depth.

Building on the background conditions identified in this study, the following subsection

presents individual input factors shaped by these contextual influences.

Input factors based on individual-level acceptance frameworks

Two of the individual-level input factors identified in the current study, "subjective use-
fulness" and "subjective user-friendliness"”, are closely aligned with the core constructs
of the TAM framework and its subsequent extensions and those of the UTAUT frame-

work.

The "subjective usefulness" is defined in the current study as the perceived ability of
collaborative robots to support goal attainment, enhance the relevance of technology
to specific work processes, and provide operational flexibility. Participants identified op-
portunities for personal development and the facilitation of work as relevant benefits
associated with collaborative robot use. This aligns closely with the concept of perfor-
mance expectancy in the UTAUT framework, which includes perceived usefulness, ex-
trinsic motivation, and personal outcome expectancy (Benmessaoud, Kharrazi, & Mac-
Dorman, 2011). Similarly, TAM identified perceived usefulness as a critical determinant
of technology adoption, which refers to increased job performance using a particular

technology (Davis, 1989). These theoretical parallels underscore that the theme "sub-
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jective usefulness" is not an isolated finding identified in the current study but reflects a

construct deeply rooted in the extant literature.

Similarly, a comparable alignment can be observed with the theme of "subjective user-
friendliness", which corresponds to the construct of effort expectancy within the UTAUT
framework. Effort expectancy describes the degree to which a user believes a technol-
ogy is easy to use (Benmessaoud et al., 2011), closely mirroring the construct of per-
ceived ease of use in TAM (Davis, 1989). Both constructs capture users' expectations
regarding how easy and effortless a technology is to use. In the present study, this theme
was reflected in the primary codes "ease of use", "ease of advancement"”, "learner
friendliness", and "new demands on employees". However, the definition of the theme
"subjective user-friendliness" in this study extends beyond the classical definitions of
TAM and UTAUT, as it includes not only the immediate usability of the technology but
also encompasses the technology's potential to evolve in tandem with the changing
work environment. The flexibility and adaptability inherent in collaborative robot tech-
nology can be seen as important characteristics that contribute to its uniqueness com-

pared to other technologies.

In contrast to the individual-level input factors mentioned above, such as perceived use-
fulness and ease of use, which are well-established constructs in conventional technol-
ogy acceptance frameworks such as TAM, its extensions, and UTAUT, "emotional fac-
tors" were not explicitly incorporated into these dominant theoretical models. This
omission reflects a notable gap in the current literature, particularly given the growing
relevance of emotional responses in human-robot collaboration contexts (Hopko et al.,
2022; Liao et al., 2024). The present study seeks to address this gap by exploring the role
of emotional factors in shaping human-robot collaboration. The theme "emotional fac-
tors" emerged as particularly salient in the analysis, accounting for the highest number

of participant statements among all individual-level themes identified.

A diverse spectrum of emotions was identified in the collected data, ranging from posi-
tive sentiments, such as curiosity and satisfaction, to opposing emotions, characterised
by various forms of fears about collaborative robots. Among these fears, job insecurity
emerged as the most prominent concern, with many participants expressing anxiety
about potential job displacement resulting from increased automation. The theme of

"emotional factors" was structured around the following main codes: "cobots perceived
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as opportunity”, "cobots perceived as threat", "emotional response to cobots", and "trust
in cobots". Importantly, while traditional technology acceptance frameworks have
largely neglected emotional aspects, their relevance in this context has begun to gain
recognition. For instance, a recent extension of the UTAUT model incorporates the con-
struct of emotional attachment, acknowledging its role in shaping user engagement with

technology (Porubcinova & Fidlerova, 2020).

Drawing on the existing literature, the themes developed in this study, including “per-
sonal factors", "subjective usefulness"”, and "subjective user-friendliness", demonstrate
strong conceptual alignment with established constructs in widely recognised technol-
ogy acceptance frameworks, such as TAM and UTAUT. These findings confirm the con-
tinued relevance of core individual-level acceptance factors. Nevertheless, the present
study contributes meaningfully beyond the validation of existing models by introducing
"emotional factors" as a salient dimension in human-robot collaboration, an area un-
derrepresented mainly in traditional acceptance theories. Furthermore, the study
broadens the scope of potential moderating variables outlined in TAM2 and UTAUT by
incorporating job position and work preferences, which emerged as additional relevant
background conditions. Beyond individual-level determinants, the findings also call for
an integrated discussion of input factors related to organisational-level technology

adoption, suggesting the necessity of a multilevel perspective to fully capture the dy-

namics of collaborative robot integration in real-world work settings.

Input factors based on organisational-level adoption frameworks

mon

Input factors identified at the organisational level are "cobot characteristics", "contex-
tual factors", and "workplace dynamics". Hopko et al. (2022) emphasised that such or-
ganisational-level factors must be considered in conjunction with individual-level factors
to obtain a more holistic understanding of technology adoption processes. However, in
the literature on technology adoption, organisational factors have typically been exam-
ined separately and have not usually been analysed with individual-level input factors,

as shown in the literature review in Chapter 2.

The theme of "cobot characteristics" identified in this study corresponds, in part, to the
technology-related context described in the DOI theory and TOE framework. Within the

TOE framework, the technological context is defined, encompassing a broad spectrum,
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including the availability and the core characteristics of the technology (Oliveira & Mar-
tins, 2011). In contrast, the DOI theory offers a more granular conceptualisation, outlin-
ing five key attributes that influence the adoption of innovations: relative advantage,
compatibility, complexity, trialability, and observability (Rogers, 2003). These character-
istics directly impact the perceived ease or difficulty of integrating technology into ex-

isting organisational processes.

This theme encompasses the main code "technology attributes”, which is composed of
the following four codes: "collaboration needs", "noise level”, "production speed”, and
"appearance"”. The first two codes correspond closely to the concept of compatibility in
the DOI theory, which concerns the degree to which a technology fits with an organisa-
tion's current workflows, processes, and human working conditions. In addition, the
code "production speed" could be conceptually related to the observability dimension
in DOI theory, as it reflects the changes in production time attributable to the use of
collaborative robots. The "appearance" of collaborative robots can be linked to the con-
struct of perceived complexity, given that visual features may influence how challenging
or complex users expect a technology to be. Nevertheless, the remaining constructs of
the DOI theory are not overlooked in the present study. Instead, they are addressed in

themes embedded in individual-level input factors, such as relative advantage, or pro-

cess-related factors, such as trialability.

While the DOI theory and the TOE framework emphasise the role of technology attrib-
utes within the technology context, the present study extends this understanding by
identifying the intention of collaborative robot implementation as a critical and previ-
ously unexplored aspect. This is captured in the main code "purpose of cobot deploy-
ment" within the broader theme of "cobot characteristics”. The findings indicate that
the underlying intentions of employing such technology play a vital role in shaping or-
ganisation-wide acceptance. This represents a novel contribution to the literature, as
such purposive framing has not been addressed in the organisational-level technology

adoption frameworks reviewed in Chapter 2.

Moreover, the "contextual factors" theme represents an additional organisational-level
input factor identified in the current study. As previously outlined in the extant litera-
ture, such factors commonly include management support (Fraboni et al., 2023), organ-

isational readiness (Liu & Cao, 2022), and previous experience with collaborative robots
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(Zemlyak et al., 2022). In this study, four of the seven main codes identified under this
theme can be directly mapped onto the organisational context construct in the TOE

non

framework (Simdes et al., 2020). These main codes are "management support"”, "organ-
isational conditions", "operational restrictions", and "previous automation experience".
Additionally, two other main codes identified in this study about economic aspects, such
as investment in terms of time and budget, are also conceptualised as contextual fac-
tors. While some prior research has situated these aspects within the technological con-
text (Simdes et al., 2020), the current analysis argues for their organisational relevance.
This is grounded in the inherently organisational nature of resource allocation decisions,
which are shaped by internal budgeting, strategic prioritisation, and implementation
timelines associated with implementing collaborative robots. In doing so, the present

study refines the interpretation of contextual factors within the TOE framework, em-

phasising their deep embeddedness in organisational settings and work processes.

Furthermore, the present study identified another main code relating to the utilisation
of employees, which is based on the volume of work. This finding aligns with recent
research showing that workload is critical in shaping human-robot collaboration, influ-
encing job satisfaction, acceptance, and performance of collaborative robots (Paliga,
2023). The current study revealed that workload influences employees' attitudes to-
wards collaborative robots. While consistent with prior literature, the study also signifi-
cantly extends previous research by identifying a lower willingness to utilise collabora-
tive robots in instances where the volume of work is already insufficient to fully occupy

the human workforce, even without the assistance of such robots.

Another organisational-level input factor identified in the current study is captured by
the theme "workplace dynamics". This theme contains the main codes "leadership cul-
ture”, "peer influence"”, and "technology implementation process". While prior research,
such as the work by Meissner et al. (2020), has acknowledged the relevance of these
factors in shaping technology adoption, the dynamic and interactive nature of these el-

ements, as conceptualised in the present study, has not been sufficiently addressed in

the existing literature.

Resulting input factor: Attitude towards cobots

Taken together, the input factors developed in the current study collectively influence
attitudes towards collaborative robots. In the literature, such attitudes are frequently
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conceptualised through the lens of trust in technology (Hoff & Bashir, 2015), with trust
primarily discussed as a human factor (Hopko et al., 2022). Additionally, the TAM frame-
work and its extensions, UTAUT, and TPB include a comparable component, namely be-
havioural intention or intention to use, which focuses on the individual-level determi-
nant of technology acceptance (Venkatesh & Bala, 2008; Venkatesh & Davis, 2000). The
current study takes a broader and more integrative perspective by encompassing indi-
vidual and organisational-level determinants as formative elements of attitudes towards
collaborative robots. This conceptual shift responds directly to recent scholarly calls for

a multilevel understanding of trust and acceptance by Hopko et al. (2022).

Having thoroughly examined the input factors, the following subsection focuses on the
process-related factors developed. In this context, the present study delineates two dis-

tinct process factors.

Process factors

The first process factor is conceptualised under the theme "interaction with cobots",
which refers to the direct engagement between employees and collaborative robots.
The second is captured by the theme "impact on workplace dynamics”, which describes

emergent organisational states resulting from such interactions.

From an individual-level perspective, the theme "interaction with cobots" aligns with the
outcome construct in conventional technology acceptance models, such as TAM,
UTAUT, and TPB. These frameworks conceptualise behavioural intention as the imme-
diate antecedent of actual system use, with use behaviour representing the behavioural
manifestation—and ultimate outcome—of acceptance (Ajzen, 1991; Davis, Bagozzi, &
Warshaw, 1989; Venkatesh et al., 2003). However, the present study extends this con-
ceptualisation by demonstrating that "interaction with cobots" is not solely examined
from an individual-level perspective but is also influenced by organisational-level condi-
tions. Thus, this theme contributes to an expanded interpretation of usage behaviour by

integrating individual and organisational-level perspectives.

Furthermore, this theme characterises employees' lived experiences with collaborative
robots. This perspective is further clarified by their degree of involvement in advance-
ment processes and the frequency of their interactions with the technology. Accord-

ingly, the present study extends beyond focusing on executing pre-defined tasks. It also
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examines the flexibility of collaborative robots and their potential to enhance existing

and future work processes.

The second process factor, "impact on workplace dynamics”, is grounded in the main
codes "alterations in social interaction", "changes in communication and cooperation”,
changes in perception of work", and "transformation of organisational processes".
These types of transformations triggered by the implementation of emerging technolo-
gies such as collaborative robots are extensively examined in the extant literature, par-
ticularly in terms of their implications for organisational structure, culture, and work-
flows (Di Pasquale et al., 2023; Heinold et al., 2023; Szalavetz, 2023). The present theme
reflects these developments by capturing the evolving state of organisational processes
and social interactions that emerged following the integration of collaborative robots.
As such, it seeks to conceptualise the workplace dynamics precipitated by technological

adoption. In light of this discourse of process-related factors, the analysis now transi-

tions to considering output factors.

Output factors

The individual-level output factor defined in this study categorises the acceptance of
collaborative robots into four distinct typologies: "active acceptance"”, "passive ac-
ceptance", "passive resistance", and "active resistance". The distinction between these
typologies is derived from the factors "attitude towards cobots" within the input dimen-

sion and "interaction with cobots" within the process dimension.

In previous literature, the level of acceptance of collaborative robots has been concep-
tualised through a comparable framework that distinguishes between attitudinal ac-
ceptance and behavioural acceptance into four categories (Meissner et al., 2020). A crit-
ical determinant within this framework is the degree of voluntariness associated with
technology use, whether technology deployment is perceived as mandatory or volun-

tary (Meissner et al., 2020).

In mandatory use contexts, the actual use of the technology is not a significant compo-
nent in measuring acceptance (Brown, Massey, Montoya-Weiss, & Burkman, 2002).
Conversely, behavioural acceptance is valid for assessing acceptance across voluntary
and mandatory settings (Brown et al., 2002). As this study is conducted in an organisa-

tional context where the use of collaborative robots is predominantly voluntary, it is
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particularly well-suited to account for both dimensions of acceptance: the level of inter-
action, as reflected in active versus passive behaviours, and the attitude towards the

technology.

The organisational-level output factor is conceptualised as "system performance", which
serves as the central outcome measure aligned with the research question. In extant
literature, system performance is a multifaceted construct influenced by various human,
robotic, organisational, and environmental factors (Hopko et al., 2022; Picco et al.,
2024). Building on this foundation, the present study adopts the concept of human-ro-
bot team productivity as a core component of system performance, as proposed by
Chen et al. (2022). Accordingly, system performance is defined from a holistic perspec-
tive, capturing the synergy, interconnectivity, and reciprocal influence among all system

components on the overall productivity and efficiency of the production process.

In the existing literature, the throughput rate per unit of work effort time is frequently
employed as a critical performance metric for evaluating system efficiency (Enrique et
al., 2023; Zhang, Liu, Huang, Radwin, & Li, 2021). This aligns with the definition of key
performance indicators for performance measurement, as defined by Kang, Zhao, Li,
and Horst (2016). In the present study, this conceptualisation is operationalised through

the main codes "reduction of human effort" and "reduction of production time".

Moreover, the extant literature extensively discusses product quality as a critical dimen-
sion in assessing the outcomes of human-robot collaboration (Charalambous et al.,
2015; Enrique et al., 2023; Rinaldi et al., 2023). This is consistent with the key perfor-
mance indicators established to evaluate production performance (Kang et al., 2016).

The current study captures this dimension by the main code "impact on product quality".

In addition to the well-established components of system performance discussed in the
literature, the present study introduces an additional main code that has not yet been
sufficiently addressed: "future orientation of work". Participants assert that the flexibil-
ity of collaborative robots and their potential to facilitate the optimisation of manufac-
turing processes are instrumental in enhancing organisational competitiveness. This
finding extends beyond conventional, narrowly defined system performance metrics,
such as productivity and efficiency, and reflects the broader strategic orientation

adopted in this study.
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The themes identified in this study serve as analytical lenses for understanding organi-
sational system performance, with employee acceptance of collaborative robots acting
as a foundational dimension. Although many of these individual themes are addressed
in current research—drawing on diverse technology acceptance and adoption frame-
works—the extant literature rarely integrates them within a unified framework that ex-
plicitly links these determinants to system performance outcomes. This gap underscores
the original contribution of the present study and provides a robust foundation for dis-

cussing research objective two: the development of a conceptual framework.

5.2.3 Research objective two: Development of a conceptual framework

Based on the 12 themes generated during the analysis, a conceptual framework was
developed to illustrate the critical factors influencing acceptance and system perfor-
mance in collaborative robot implementation. This framework is structured along two
dimensions: input, process, and output factors on the one hand and the distinction be-
tween individual and organisational-level factors on the other hand. The development
of this framework adheres to the methodological approach outlined by Naeem et al.
(2023), which involves the systematic conceptualisation of qualitative data through the
interpretation of keywords, codes, and themes. Subsequently, the framework was op-
erationalised visually using arrows and boxes to capture the interrelationships among

the identified factors.

5.2.3.1 Summary of research findings

The proposed conceptual framework is presented visually to synthesise and communi-
cate the research findings. Initially introduced in Chapter 4 and depicted in Figure 4-15,
the framework is reproduced below to enhance the readability of the thesis.

At the core of the framework lies the interrelationships among the critical factors iden-
tified in this study. The "personal factors" are conceptualised as background conditions
influencing individual-level input factors. The individual and organisational-level input
factors jointly shape attitudes towards collaborative robots. Within the process dimen-
sion, the interaction between the collaborative robots and the employees is central,

which acts as a mediating construct leading to changes in workplace dynamics. These
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workplace dynamics, in turn, exert a reciprocal influence on subsequent interactions,
reflecting the iterative nature of technology integration in real-world organisational set-
tings. Over time, these interactions can also reshape and redefine the organisational-
level input factor, workplace dynamics, as these evolving patterns of interaction feed
back into the broader process of technology integration. Finally, the framework posits
that this dynamic process culminates in the degree of acceptance of collaborative robots
at the individual level, which in turn influences system performance at the organisa-

tional level.

INPUT PROCESS OUTPUT

Personal factors

--»| Subjective usefulness |----- >
> Subjective | ____ < s [ Acceptanceof
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Attitude Interaction i
towards with !
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A
System
Contextual factors |----- > 1> cod bes>
performance
Workplace dynamics [~~~ >
s —x
\

] Impact on work-|
place dynamics

Legend: [JIndividual level [JOrganisational level

Figure 5-1: Conceptual framework of cobot acceptance and system performance

A defining feature of the conceptual framework is its recursive structure, as illustrated
by the feedback loop from the process-level dimension back to the input-level dimen-
sion. This unique design signifies that integrating collaborative robots is not a linear,
one-time event but an iterative process. The framework thus captures the implementa-
tion dynamics, whereby changes in input factors, whether driven by external contingen-
cies or emerging from interactions with collaborative robots, trigger a renewed cycle of

adaptation and evaluation.
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5.2.3.2 Discussion in relation to extant literature

The conceptual framework developed in this study aligns with previous literature, which
recognises that human factors, robot factors, and environmental factors collectively
shape system performance (Hopko et al., 2022). The overarching structure of the frame-
work linking input factors to process-level dynamics and ultimately to performance out-
comes reflects a widely accepted conceptualisation in the field of team effectiveness
(Mathieu, Maynard, Rapp, & Gilson, 2008). However, the developed conceptual frame-
work advances this linear paradigm by incorporating recursive and interactive effects.
In doing so, it extends the contributions of Hopko et al. (2022), who primarily focused
on human factors and only briefly mentioned robot-related and environmental factors

as additional influences on system performance.

In addition to the linear impact of human, robot, organisational, and environmental fac-
tors on system performance, as discussed by Hopko et al. (2022), the proposed concep-
tual framework illustrates the interrelationships between the process and input factors.
Specifically, the theme "impact on workplace dynamics" positioned at the process di-
mension emerges as a consequence of employee interaction with collaborative robots,
exerting a direct influence on the input factor "workplace dynamics". Such a relationship

aligns with the concept of episodic cycles, as Mathieu et al. (2008) articulated.

For instance, an episodic cycle observed in this study can be described as follows: The
introduction of a collaborative robot initially led to changes in work routines and fos-
tered new forms of cooperation among employees. Following its implementation for the
first product, workflows and processes were continuously refined based on employee
feedback and practical experience. As development progressed, additional products
suitable for collaborative production were identified, and both the interaction with the
collaborative robot and its programming were further enhanced. Another example of
this recursive process is that these ongoing improvements not only increased positive
experiences among staff but also prompted consideration of expanding the number of
collaborative robots within the organisation. Taken together, these instances demon-
strate how the recursive interplay between input and process dimensions—central to

the conceptual framework—unfolds in practice.

Thus, the conceptual framework developed in this study extends beyond the traditional

linear input, process, and output model by incorporating the recursive nature of organ-
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isational change through episodic cycles. This recursive structure enables the framework
to capture the ongoing developmental trajectory that emerges as employees gain expe-
rience and adapt to working with collaborative robots. This approach draws on the work
of Mathieu et al. (2008), who emphasise the importance of episodic and cyclical pro-
cesses in shaping team development and effectiveness. The recursive configuration em-
bedded within the conceptual framework is illustrated in Figure 5-2. This figure presents
a simplified depiction of the developed conceptual framework, illustrating the episodic

cycle and the developmental process within the organisational context.
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I"""|Background conditions
Ly Individual-level [ I o . Acceptance of
input factors Attitude Interaction cobots
towards with :
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Figure 5-2: Recursiveness of the conceptual framework of cobot acceptance and system
performance

In the border context of team performance, the interplay of input, process, and output
cycles operating sequentially and concurrently has been conceptualised by Marks,
Mathieu, and Zaccaro (2001) and Mathieu et al. (2008). The episodic nature is charac-
terised by the end of one episode marking the beginning of another (Marks et al., 2001).
This theoretical perspective is the fundamental underpinning of the developed concep-
tual framework proposed in this study. Thus, the conceptual framework highlights that
any modification of input variables—whether triggered by external influences or evolv-
ing workplace dynamics—initiates a new episodic cycle, thereby reinforcing the recur-

sive nature of collaborative robot integration.
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Structuring the identified influencing factors on acceptance and system performance—
including human, robot, and organisational elements—was not limited to the approach
presented in this study; these factors could have equally been mapped within a dynamic
network, as in ANT. However, the intention here was to organise these factors at a more
abstract, process-oriented level, in order to develop a framework that is not tied solely
to the present case but can be transferred to similar contexts and could be further re-

fined in comparative research.

Aligned with the conceptual framework proposed, practical recommendations to create
conditions for favourable user responses and attitudes toward collaborative robots can

be derived, forming the basis for addressing the third research objective.

5.2.4 Research objective three: Creating conditions for favourable user responses

In addition to addressing the first two objectives, which primarily focus on theoretical
aspects, discussing the practical implications of the research findings derived from the
conceptual framework is essential. The following subsection, therefore, adopts a mana-
gerial perspective and provides actionable recommendations grounded in the critical in-
fluencing factors identified in this study. These insights are intended to support decision-
makers in fostering acceptance and system performance when implementing collabora-

tive robots within their organisations.

5.2.4.1 Summary of research findings

The research findings are operationalised through recommendations aligned with the
four typologies of acceptance identified at the individual-level output within the con-
ceptual framework, specifically under the theme of "acceptance of cobots". These types
comprise active acceptance, passive acceptance, passive resistance, and active re-
sistance, which are structured by the axes "attitude towards cobots" and "interaction
with cobots" in a matrix (see Figure 4-16). These axes reflect key factors previously iden-

tified within the input and process dimensions of the conceptual framework.

The critical factor, "attitude towards cobots", is shaped by the full spectrum of input
factors identified in this study and systematically integrated into the developed concep-
tual framework. For employees classified as active acceptors, the findings indicate that

the initial focus should be on organisational-level input factors in reinforcing positive
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attitudes. Conversely, the research findings suggest that the focus should be on individ-

ual-level input factors for employees actively resistant to collaborative robots.

The critical factor of "interaction with cobots" is particularly pertinent for employees
who are passive towards the technology. For those with passive acceptance, strategic
emphasis should be placed on gradually increasing the complexity and relevance of tasks
when deploying collaborative robots. In the context of employees displaying passive re-
sistance, the priority should be to gradually enhance the quality and frequency of inter-

action with collaborative robots in order to foster positive experiential sentiments.

The conceptual framework developed in this study is designed to serve as a strategic
tool for organisations, enabling them to implement tailored actions and measures to
enhance employee acceptance of this technology. A central tenet is that employees
should not be considered a homogeneous group; thus, a one-size-fits-all approach is un-
likely to be effective. Instead, managers are encouraged to adapt their approach based

on employees' attitudes towards the collaborative robot and their use of it.

5.2.4.2 Discussion in relation to extant literature

As highlighted in the literature, several strategies have been proposed to increase the
acceptance of collaborative robots in organisational settings. Among these, a prominent
approach involves simultaneously promoting enablers and mitigating barriers to adop-
tion, as Charalambous et al. (2015) outlined. The following six enablers were identified
as being of critical importance for the implementation of collaborative robots: (1) com-
munication of the change, (2) employee participation in implementation, (3) training
and development of the workforce, (4) existence of process champions, (5) organisa-
tional flexibility through employee empowerment, and (6) management commitment
and support (Charalambous et al., 2015). The following discussion contextualises these

enablers in light of both recent empirical findings and the results of the present study.

Lambrechts et al. (2021) posited that open and honest communication is critical in im-
plementing collaborative robots, aiming to enhance employees' willingness to engage in
this change. This finding aligns with the results of the present study, in which the theme
of "workplace dynamics" encompasses "communication”, particularly relating to the

technology implementation process.
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Moreover, prior literature has identified employee participation in the implementation
process as a critical determinant of technology acceptance, particularly in the context of
collaborative robots (Meissner et al., 2020). This was also reflected in the current study
under the theme of "workplace dynamics", notably with regard to the degree of involve-

ment in implementation.

Another key enabler identified in the existing literature is training for employees using
collaborative robots. Such training has been shown to increase employees' confidence
and sense of ownership (Fraboni et al., 2023). In the present study, participants similarly
emphasised the importance of support mechanisms and training initiatives, particularly
regarding the novel competencies required for effective human-robot collaboration,

captured under "subjective user-friendliness".

Employee empowerment has been identified as another critical enabler for technology
acceptance, including collaborative robots (Eimontaite et al., 2022; Meissner et al.,

2020). The present study also identified this aspect under the "workplace dynamics'

theme, specifically within the main code "leadership culture".

Moreover, employees encountering collaborative robots for the first time often express
a desire for assistance from more experienced colleagues to help them navigate the in-
itial stage of adoption (Meissner et al., 2020). This dynamic was captured in the present
study within the theme of "subjective user-friendliness", specifically within the code

"support and assistance".

Another critical enabler identified in the extant literature is the role of managerial sup-
port in facilitating the successful integration of collaborative robots. This notion has
been substantiated by Zemlyak et al. (2022) and Liu and Cao (2022). The present case
study further corroborates this assertion, encompassing management support within

the "contextual factors" theme.

All enablers for successful human-robot collaboration outlined by Charalambous et al.
(2015) are reflected within the input factors of the developed conceptual framework.
This alignment underscores the breadth and empirical grounding of the conceptual
framework, holistically capturing the broad spectrum of possible determinants of col-
laborative robot integration. Charalambous et al. (2015) primarily focus on human fac-
tors and organisational and environmental factors. However, this perspective does not
encompass the whole spectrum of influences on human-robot collaboration, particu-
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larly omitting robot-related factors, which were defined as significant determinants for
productive human-robot collaboration (Di Pasquale et al., 2024; Hopko et al., 2022). The
present framework addresses this gap by explicitly incorporating "cobot characteristics"

as a theme.

Consequently, this research offers managers a more holistic perspective for fostering
user acceptance of collaborative robots. In contrast to previous studies that predomi-
nantly offer generalised recommendations, the present study introduces a differenti-
ated approach by categorising employees based on their acceptance levels. This strati-
fication enables the formulation of context-specific strategies tailored to the distinct
needs of different user groups, thereby enhancing the effectiveness of managerial rec-

ommendations.

Following an extensive review of the current literature regarding the three research ob-
jectives and an in-depth analysis of the empirical findings, it is now possible to articulate

the study's contributions to theoretical advancement and practical application.

5.3 Contribution to theory

The theoretical contribution of this research begins with identifying and exploring criti-
cal factors that enable a deeper understanding of acceptance and system performance
in collaborative robot implementation. Adopting an exploratory qualitative approach,
this study extends beyond the scope of the determinants investigated in conventional
information systems literature by uncovering distinctive determinants emerging specif-
ically within human-robot collaboration. These determinants are analysed from individ-
ual and organisational perspectives, offering a more holistic understanding of system
performance. The findings are grounded in an extensive empirical dataset comprising
over 2,300 participant statements, systematically coded into 84 initial codes, which

were subsequently classified into main codes, codes, and sub-codes.

The theme of "emotional factors" developed in this study represents an aspect that has
remained relatively underexplored, as Hopko et al. (2022) stated. This study responds
to this gap, which has also been emphasised by several other scholars, including Arslan
et al. (2022), Rinaldi et al. (2023), and Ronzoni et al. (2021). In particular, the findings of
the present analysis emphasise the central role of the emotional dimension as a major
driver in shaping attitudes towards collaborative robots. Notably, this theme received
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the highest number of coded statements among all identified themes, highlighting its
empirical prominence. Accordingly, "emotional factors" have to be considered a critical
determinant influencing acceptance and system performance when deploying collabo-
rative robots. The significance of this theme is further reinforced by recent theoretical
developments, such as the extension of the UTAUT framework, which explicitly incorpo-

rates this aspect (Porubcinova & Fidlerova, 2020).

Moreover, the present study delineates a multifaceted array of background conditions
influencing the identified individual-level input factors shaping the acceptance of collab-
orative robots. Several of these background conditions align with moderating variables
of well-established technology acceptance frameworks, including TAM2, TAM3 and
UTAUT, with regard to demographic factors such as age and gender, as well as other
moderators such as experience (Venkatesh et al., 2003; Venkatesh & Bala, 2008; Ven-
katesh & Davis, 2000). In addition to these well-documented moderators, the current
study identifies novel background conditions, such as employees' job position and work

preference, which have not been systematically addressed in existing frameworks.

In addition, the study incorporates the aspect of flexibility of collaborative robot tech-
nology—a facet particularly salient in this context—in a manner that extends beyond
the scope of well-established individual-level technology acceptance models, such as
UTAUT. Specifically, this aspect is examined through "subjective user-friendliness" and
“interaction with cobots". In both themes, the scope encompasses the current utilisation
of technology and the potential to evolve and be integrated into future work processes.
Thus, the stance taken in this study extends beyond the perspective in the extant litera-
ture, such as the work of Venkatesh et al. (2003). The adopted approach is particularly
pertinent for collaborative robots, whose flexibility enables continuous optimisation of
production systems. The findings thus underscore the importance of viewing technolog-
ical acceptance as an ongoing developmental trajectory shaped by evolving work prac-

tices and technological capabilities.

Second, the most significant theoretical contribution of the current thesis lies in devel-
oping a holistic conceptual framework that advances scholarly understanding of ac-
ceptance and system performance in the context of collaborative robots. This frame-
work is grounded in the empirically derived themes identified as critical factors influenc-

ing acceptance and how they are associated with system performance. It offers a holistic
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perspective by incorporating individual and organisational variables, extending conven-
tional technology acceptance models. Notably, the framework addresses a gap in the
literature by explicitly including characteristics of collaborative robots as a distinct di-
mension, an aspect acknowledged by scholars, including Di Pasquale et al. (2024),
Rinaldi et al. (2023), and Hopko et al. (2022), that has not been effectively addressed in
the literature. Moreover, the framework's recursive nature, highlighted by incorporating
episodic cycles in workplace dynamics, introduces a non-linear understanding of human-
robot interaction. This recursive character reflects the evolving nature of input and pro-
cess variables in response to changing contextual and experiential conditions, offering a
novel theoretical lens for examining the integration of collaborative robots in organisa-

tional settings.

Thirdly, the present study offers novel insight into implementing collaborative robots
from an industry-based perspective. These insights were derived through the empirical
analysis of a real-world manufacturing application that had been operational for nearly
one year at the commencement of primary data collection. Consequently, this study re-
sponds to the call for real-world empirical data articulated by several scholars, including
Liao et al. (2023), Liu, Caldwell, Rittenbruch, Miige, Burden, and Guertler (2024), Parvez
et al. (2022), and Rossato et al. (2021). This demand arises from recognising that a sub-
stantial portion of research has been conducted in laboratory settings. Such a setting
might lead to overlooking critical variables that emerge in operational environments due

to their controlled nature (Liu, Caldwell, Rittenbruch, Miige, Burden, & Guertler, 2024).

The present study distinguishes itself from conventional laboratory-based research by
adopting a real-world organisational setting within the healthcare manufacturing sector.
In this context, collaborative robots have been fully integrated into established and rou-
tine manufacturing operations. The study draws on insights from employees and man-
agers who have engaged with these technologies over an extended period, capturing
experiences beyond the initial stages of adoption. This contrasts with most extant stud-
ies conducted in real-world environments, which focus on the early implementation
phase (Dornelles et al., 2023). As such, the methodological design of this study signifi-
cantly advances theoretical understanding while offering meaningful, practical implica-

tions for industry practitioners and decision-makers.
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5.4 Contribution to practice

The contribution to practice is grounded in managerial and practitioner-oriented recom-
mendations derived from the proposed conceptual framework. These recommenda-
tions are specifically designed to foster favourable user responses towards collaborative
robots, thus influencing acceptance and system performance, as outlined in the concep-

tual framework.

Given these implications, it is imperative for organisations to acknowledge the strategic
importance of collaborative robotics within the contemporary business landscape. This
recognition is underscored by the steady increase in the adoption of this technology and
the robust growth trajectories of the collaborative robotic market. Recent market pro-
jections predict that the global collaborative robotics market will reach approximately
USD 12 billion by 2029, with a compound annual growth rate of over 30% between 2024
and 2029 (The Business Research Company, 2025b).

In order to support the deployment of collaborative robots, the conceptual framework
yielded practical implications for the healthcare industry, particularly in processes such
as packaging medical and diagnostic products, producing reagents, and automating la-
boratories. Integrating collaborative robots into these processes can increase produc-
tivity and ensure consistent product quality, enhancing operational efficiency and ad-
dressing patient needs. In addition, collaborative robots also relieve skilled staff from
routine and repetitive tasks, allowing them to focus on more complex and value-adding
activities, which is particularly important given the current shortage of qualified person-
nel in healthcare settings (Bhuwane et al., 2023). Furthermore, the flexibility and ease
of integration of collaborative robots enable healthcare companies to quickly adapt to
new regulatory requirements and product changes, thereby maintaining compliance

and competitiveness in a highly dynamic market.

The main practical contribution of this thesis lies in developing tailored recommenda-
tions for distinct employee groups, differentiated according to their level of acceptance
of collaborative robots. The level of acceptance is categorised into four categories: ac-
tive acceptance, passive acceptance, passive resistance, and active resistance. Tailored
recommendations were formulated for each group, grounded in the conceptual frame-
work developed around "attitude towards cobots" and "interaction with cobots". These

recommendations, presented in Section 4.6, are not intended to be exhaustive. Instead,
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the objective is to provide managers with initial measures to enhance user acceptance
and to motivate them to develop specific actions tailored to their circumstances, based
on the conceptual framework and the described employee groups. This approach rec-
ognises individual differences and incorporates them into developing strategies to foster
favourable user responses and attitudes towards collaborative robots, as Lu et al. (2022)

suggested.

The applicability of the proposed conceptual framework is most relevant to organisa-
tional settings analogous to those examined in this study, particularly within the
healthcare sector, including pharmaceutical and diagnostics companies. The context
that most closely reflects the study's circumstances involves the use of collaborative ro-

bots in the packaging processes within this industry.

The global pharmaceutical packaging market was valued at over USD 150 billion in 2024
and is expected to grow at a compound annual growth rate of over 15% from 2025 to
2034 (Global Market Insights, 2025). A practical example of how collaborative robots
can be applied to pharmaceutical packaging is provided by George and George (2023).
While traditional pharmaceutical production lines are designed for high-volume produc-
tion, collaborative robots can increase efficiency in the small to medium-batch-size seg-
ment. It is imperative to acknowledge that the ongoing trend toward personalised
healthcare is expected to significantly increase the number of manufacturing processes
characterised by smaller batch sizes. In this context, the integration of collaborative ro-
bots in the domain of pharmaceutical packaging has the potential to act as a transform-

ative catalyst for the industry.

The conceptual framework developed in this study offers practical guidance for manag-
ers seeking to integrate collaborative robots, particularly for promoting system perfor-
mance. The findings can inform both the enhancement of existing applications and the
strategic planning of future implementations. The capacity of collaborative robots to
operate synergistically with human operators yielded several benefits. These include po-
tential reductions in labour costs, increased production speed, decreased production
downtime, and lower error rates. Furthermore, the integration of collaborative robots
can enhance the qualitative aspects of work by increasing job value and reducing the

physical fatigue experienced by employees.
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Consequently, organisations operating in environments similar to the case study context
may consider the insights from this thesis highly relevant and applicable. While the re-
search is grounded in packaging, the critical factors identified may also resonate with
other manufacturing processes, such as the filling and compounding of diagnostics and
pharmaceutical products. However, the successful deployment of collaborative robots
is contingent upon establishing a compelling business case. Where such a case exists,
the effective adaptation of the workforce becomes a critical success factor in fully real-
ising performance improvements associated with collaborative robot integration. As the
findings presented herein are grounded in real-world manufacturing applications, they

offer actionable insights for organisations.

Following the discussion of the practical implications of the research, the subsequent
section critically evaluates its quality. In this context, the concept of trustworthiness is
of central importance for assessing the credibility and rigour of the findings (Ghafouri &

Ofoghi, 2016; Tierney & Clemens, 2011).

5.5 Assessment of research quality

The trustworthiness of qualitative research can be rigorously assessed through the four
key criteria: (1) credibility, (2) transferability, (3) dependability, and (4) confirmability
(Guba, 1981; Tierney & Clemens, 2011). Additionally, the criterion of authenticity, par-
ticularly relevant within the study's epistemological paradigm, was incorporated as an
additional quality criterion that merits further consideration (Guba & Lincoln, 1994). The
following discussion elaborates on these dimensions, highlighting their specific applica-

tion within the context of the present study.

Credibility

Credibility refers to the degree of confidence in the truthfulness of the research findings
and the extent to which they accurately represent the participants' experiences and
views (Tobin & Begley, 2004). In the present study, several strategies were employed to

enhance the credibility of the study findings.

Data triangulation was employed at two distinct levels, following the recommendations
from Flick (2018b). After a detailed analysis, a high degree of consistency was observed

across the data sources. First, convergence was identified between data obtained
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through participant observations and semi-structured interviews conducted with the
same individuals. This concordance reinforced the credibility of the research findings by
indicating alignment between observed behaviours and participants' articulated opin-
ions, experiences, and perceptions. The absence of an identified discrepancy between
the findings from the two data collection methods serves as an indicator, ruling out the
possibility of hidden or unconscious factors. Second, consistency was noted when com-
paring findings across different data collection methods. Integrating multiple data
sources and methodological approaches facilitated a more holistic and nuanced under-
standing of the phenomenon under investigation (Yin, 2018). This triangulation strategy
is instrumental in minimising bias and strengthening the overall trustworthiness of the

research outcomes.

The credibility of the study findings was further reinforced through probing techniques
during semi-structured interviews (Lim, 2024). These efforts were complemented by
trust-based relationships between the researcher and participants and prolonged en-
gagement with both the participants and the research topic, as recommended by Ah-
med (2024). The period of data collection in this study was 14 months. In addition, cred-
ibility was improved due to member checking, as advocated by Tobin and Begley (2004).
Participants were invited to review the interview transcripts and verify the translation

of key statements to ensure the accuracy and authenticity of the data interpretation.

Recognising and critically reflecting on personal biases and perceptions throughout the
research process enables the researcher to take a more objective and balanced stance
regarding data collection, analysis and interpretation (Ahmed, 2024). This was achieved
in the current research through reflexive memos and discussions with supervisors, which
encouraged critical thinking about assumptions and interpretations, uncovered blind

spots, and deepened reflexive practices.

Furthermore, adherence to established ethical principles significantly enhances the
credibility and overall trustworthiness of the research. The present study received for-
mal approval from the university's research ethics committee, ensuring all procedures
complied with institutional and disciplinary ethical standards. The ethical principles un-
derpinning the study included the provision of informed consent, maintaining confiden-
tiality, and upholding the right to withdraw from the study at any time, thereby enhanc-

ing the integrity of the data collection process.
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Transferability

In this regard, transferability refers to the extent to which research findings can be
meaningfully applied to other contexts or groups (Malterud, 2001; Maxwell, 2021). In
order to ensure transferability and the potential applicability of the findings to other
groups or contexts, several measures were taken to support informed judgment by fu-
ture researchers and practitioners. These include a detailed description of the context-
specific details associated with the case study provided, as Nowell et al. (2017) sug-
gested, outlining the structural, organisational, and operational characteristics of the
environment in which the research was conducted. Such contextual details enable read-
ers to assess the relevance of the findings to other settings. Furthermore, the study en-
gaged in ongoing reflexive analysis throughout the research process, critically examining
the researcher's assumptions and positionality. This reflexivity further enhanced the

transferability of the results by promoting transparency in interpreting findings.

Dependability

According to Tobin and Begley (2004), dependability refers to the stability and con-
sistency of the research process over time and is contingent upon a logical, traceable,
well-documented methodological approach. This includes the explicit recording and jus-
tification of decisions made throughout the study. In the present research, dependabil-
ity was ensured through comprehensive documentation of the research design, data
collection procedures, and analysis methods. Additionally, using reflexive memos to rec-
ord methodological decisions and any adjustments made during the research process

reinforces the dependability of the study findings.

Confirmability

Confirmability refers to the extent to which research findings are shaped by the partici-
pants' responses and the data collected rather than by researcher bias or preconcep-
tions (Tobin & Begley, 2004). In the present study, confirmability was supported through
meticulous documentation of the data analysis process. The researcher's use of clarify-
ing questions during data collection further ensured that interpretations were grounded
in participants' intended meanings. Additionally, the inclusion of critical verbatim state-

ments and the systematic documentation of the relationships among keywords, codes,
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and themes presented in the findings chapter serve to reinforce that the conclusions are

firmly grounded in empirical evidence.

Authenticity

Authenticity refers to the extent to which a research study faithfully represents the di-
verse perspectives and lived experiences of participants, thereby contributing to the
richness and depth of the data (Tobin & Begley, 2004). In this study, several strategies

were implemented to promote authenticity.

To foster authenticity, the research design intentionally created an environment in
which participants were encouraged to reflect deeply on and share their experiences
related to the research topic, as Tobin and Begley (2004) recommended. This environ-
ment was facilitated by using semi-structured interviews, which allowed participants to
express their thoughts and feelings in their own words freely. In addition to the inter-
views, participant observation provided further opportunities to capture authentic per-
spectives and behaviours in real-world contexts. Throughout the research process, par-
ticular emphasis was placed on ensuring that participants could engage with and reflect
on their viewpoints, thereby contributing to a deep and nuanced understanding of the
phenomenon under investigation. Questions designed to elicit social perspectives, in-
cluding the influence of peers and the viewpoints of managers, played a key role in this

process.

The authenticity of the study was further enhanced by incorporating different partici-
pant groups, including both employees directly interacting with the collaborative robot
and their line managers, following a dyadic approach. This diversity of perspectives en-
abled a more nuanced and in-depth understanding of the phenomenon under investi-
gation. Additionally, the broad age range and the inclusion of both female (n=10) and
male (n=17) participants further contributed to capturing a wide spectrum of experi-
ences and viewpoints, thereby strengthening the authenticity and depth of the research
findings.

Taken together, these measures ensure the trustworthiness and authenticity of the re-
search findings, contributing to the overall rigour and credibility of the study. Thus, the
research offers meaningful insights into the research topic under investigation by

grounding the analysis in systematically collected and transparently documented data.
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Nevertheless, it is crucial to recognise that no study is without limitations. It is, there-
fore, vital to acknowledge these limitations to contextualise the findings and establish a

solid foundation for future research.

5.6 Limitations of the research

This section outlines the key limitations of the study, focusing primarily on methodolog-
ical and substantive dimensions. Recognising these limitations is essential for a critical

interpretation of the findings and a nuanced understanding of their implications.

From a methodological perspective, the present study is subject to limitations concern-
ing transferability. This constraint is primarily attributable to the qualitative research
design, which inherently limits the transferability of findings. It is acknowledged that the
research findings derived from qualitative case studies may not be directly transferable
to other organisations operating under substantially different contexts (Dimmock
& Lam, 2016). This limitation is discussed in detail in Section 3.6, and several strategies
were employed to ensure the transferability of research findings—including a detailed
description of the study context and the use of reflexive memos throughout the research
process to document the researcher's perspective and reflections—as described in Sec-

tion 5.5.

In addition, the single case study design employed in this research presents a further
limitation regarding transferability, as the data were collected from a single organisa-
tional setting. Consequently, the results cannot be assumed to represent broader pop-
ulations or alternative industrial settings (Yin, 2018). While this restricts transferability,
the limitation is offset by the depth of empirical insights uncovered through an in-depth
investigation of a real-world manufacturing application, allowing for a rich understand-

ing of the phenomenon under study.

Moreover, using the theoretical sampling strategy may further limit the transferability
of research findings (Charmaz, 2014). This strategy inherently introduces subjectivity,
given that participant selection is based on the researcher's evaluative judgment regard-

ing theoretical relevance, and thus may result in sampling bias (Charmaz, 2014).

Finally, it is imperative to acknowledge the temporal constraints imposed on the data

collection process. The investigation was conducted within a defined time frame, re-
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stricting the capacity to observe longitudinal developments such as evolving percep-
tions, adaptation processes, or changes in organisational dynamics over time. Conse-
guently, the findings represent a time-bound view, which may fail to reflect evolving

dynamics, as Marinescu et al. (2023) highlighted.

In addition to methodological constraints, the study is subject to several substantive
limitations that further warrant consideration regarding the transferability of its find-
ings. First, the study focuses on a single model of a collaborative robot, which limits the
transferability, particularly in aspects such as anthropomorphism. Different collabora-
tive robots may possess varying degrees of humanoid features and interaction capabili-
ties, which could significantly shape user perceptions and interactions (Liao et al., 2023).
Moreover, the study was conducted in an organisational context where the use of col-
laborative robots was largely voluntary, a factor known to influence behavioural inten-
tion regarding technology use, as Venkatesh et al. (2003) emphasised. Finally, the sam-
ple consisted exclusively of German participants, which imposes limitations on the cul-

tural and geographical transferability of the results.

Acknowledging these limitations offered a balanced and critical perspective, allowing
for a nuanced interpretation of the study findings. While these constraints define the
scope of the study, they underscore the theoretical and practical relevance of the find-
ings within the research context. Moreover, they provide promising avenues for future
research, particularly in enhancing transferability, exploring longitudinal effects, and val-

idating the findings across diverse industrial settings.

5.7 Recommendations for future research

The conceptual framework developed in this thesis offers an integrative illustration of
the critical factors influencing acceptance and thus shaping system performance in de-
ploying collaborative robots, addressing and narrowing the identified research gap. In
addition to its explanatory value, it suggests potential avenues for future inquiry by de-
lineating key variables and their interrelationships. Consequently, it holds promise as a
well-grounded starting point for subsequent research, thereby narrowing the identified

research gap further.

First, an analysis of the various organisational setups within the healthcare manufactur-
ing sector is required to assess the applicability and relevance of the findings within this
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domain. It is recommended that further studies explore both voluntary and mandatory
contexts of the utilisation of collaborative robots. While the present study was con-
ducted in a voluntary use setting, examining mandatory implementation scenarios—as
discussed in Meissner et al. (2020) and Venkatesh et al. (2003)—is critical for under-
standing how voluntariness may influence user acceptance and system performance.
Such comparative analyses would enhance the transferability of findings across diverse
organisational setups and use conditions within the healthcare manufacturing sector. In
addition, future research should systematically examine the newly identified back-
ground conditions—namely, employees' job position and work preference—to clarify
their specific impact and integration within human-robot collaboration across different

organisational and implementation contexts.

Additionally, the study's findings should be validated through quantitative methodolo-
gies applied across diverse manufacturing contexts. To this end, researchers should ex-
amine a range of manufacturing settings employing various types of collaborative ro-
bots, differentiated by their degrees of anthropomorphism. This recommendation
stems from persistent ambiguities observed in existing literature regarding the impact
of anthropomorphism in studies such as Liao et al. (2023), Liu, Zou, and Greene (2024),

and Sinha et al. (2020).

Second, given that the present study was limited to participants based in Germany, fu-
ture research should be conducted in more diverse cultural contexts. One potential ap-
proach would be to conduct studies within Germany with participants from diverse na-
tional and cultural backgrounds. Alternatively, cross-cultural comparative studies across
multiple countries would offer valuable insights into how cultural norms and values
shape perceptions and interactions with collaborative robots. This is important because
the significance of cultural factors in shaping research outcomes concerning human-ro-
bot collaboration is well-documented (Liao et al., 2023; Sinha et al., 2020). For instance,
Brohl, Nelles, Brandl, Mertens, and Nitsch (2019) found notable cultural differences in
anxiety exhibited by individuals in the context of robots in Japan compared to Germany
and the United States. Their findings underscore the importance of cultural variability in
emotional responses to robots (Brohl et al., 2019). The current study further supports
this claim, as emotional factors, particularly those associated with the thematic code

"fears associated with cobots", emerged as a salient dimension, reflected in the fre-
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guency and depth of participant statements. Thus, the prominence of emotional re-
sponses in the present data highlights the necessity of future research in culturally di-

verse contexts.

Third, the necessity of incorporating longitudinal design in the study of human-robot
collaboration is reaffirmed, as previously stated by Fraboni et al. (2023) and Liao et al.
(2024). Longitudinal studies involving data collection across multiple time points could
be advantageous, particularly in analysing acceptance and system performance over
time. The conceptual framework developed in the present study is based on findings
derived from a specific temporal and contextual time frame. By adopting a longitudinal
design, future research can more effectively examine the dynamic interplay between
contextual factors and workplace dynamics in shaping system performance. For in-
stance, analysing the effects of management decisions or changes in employee attitudes
related to ongoing interactions with collaborative robots could yield deeper insights into

the evolving nature of human-robot interactions.

After outlining the study limitations and recommendations for future research, critically
reflecting on the research journey is crucial. The process of conducting this study has
yielded numerous insights, both on a professional and personal level. The following sec-
tion presents the researcher's personal reflections on the research process, including
the challenges encountered and the knowledge acquired throughout this academic en-
deavour. As Braun et al. (2022) emphasise, such reflexive engagement is fundamental

to sound thematic analysis.

5.8 Personal reflections

The personal reflections on the research journey undertaken over the past nearly seven
years can be categorised into two distinct phases: the period dedicated to complemen-
tary studies and the process of creating the current thesis. Willig (2022) asserts that
personal reflexivity plays a vital role in this process, underscoring the knowledge and
skills acquired throughout the research journey and how the research process has influ-

enced and potentially transformed the researcher.

The period dedicated to complementary studies has established a robust foundation for
the subsequent steps in the research journey by enabling the researcher to deepen her
understanding of research methodologies and engage in meaningful discussions sur-
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rounding key substantive topics relevant to this thesis. Moreover, it facilitated introspec-
tion on various situations and experiences within academia and the business sector.
Thus, the period of complementary studies has significantly shaped the researcher's ac-
ademic, professional, and personal development across multiple dimensions. A note-
worthy aspect of this journey pertains to the capacity to engage in reflection and critical
thinking, a capacity that underwent a substantial enhancement during the course of the

complementary studies.

The second phase of the research journey—the development of the thesis—was sub-
stantially informed and enriched by the period of complementary studies. Despite this
preparatory foundation, the initial stages of creating this thesis appeared daunting at
the outset, mainly due to the breadth of the research domain and the inherent com-
plexity of the subject matter. These challenges necessitated a methodical and system-
atic approach. Commencing with a structured literature review and engaging with pre-
vious studies and theories on implementing collaborative robots in manufacturing set-
tings provided a solid foundation. This foundational work was crucial in formulating the
research question and objectives, providing a clear roadmap for the study. Additionally,
developing a detailed timeline supported effective workload management and the es-
tablishment of realistic milestones, which ensured steady progress throughout the re-

search process.

During the data collection phase, the significance of a robust methodological framework
became increasingly evident. Given the subjectivist nature of the research, which de-
manded an understanding of individuals' perspectives within the context of collabora-
tive robot work environments, a qualitative approach was deemed most suitable. Par-
ticipant observations and semi-structured interviews were utilised to gather primary
data, yielding nuanced insights into the organisational dynamics of working with collab-
orative robots. This strategy demanded considerable effort, patience, adaptability, and
meticulous attention to detail. Each interaction with participants enriched the depth of
the findings and provided critical context, ultimately enhancing the overall quality and

rigour of the research endeavour.

The subsequent phase of data analysis, grounded in the six stages of reflexive thematic
analysis, emerged as intellectually stimulating and demanding. The interpretation of the

qualitative data necessitated a critical acknowledgement of personal biases and precon-
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ceived notions, emphasising the vital role of reflexivity and the ability to synthesise com-
plex information. The iterative process of the reflexive thematic analysis yielded valua-
ble findings and illuminated the intricate interplay of various critical factors influencing
acceptance and system performance within human-robot collaboration. Consequently,
it was paramount to remain open-minded and flexible during this phase, as the emer-
gence of unexpected patterns and themes provided richer insights into the research

context.

Several obstacles were encountered throughout the writing process, notably effective
time management and the maintenance of motivation during periods of self-doubt.
However, these challenges proved to be instrumental in fostering resilience and disci-
pline. The support provided by the supervisors, who actively engaged in discussions and
critically challenged ideas, was of inestimable value. Their encouragement and construc-
tive criticism were instrumental in facilitating the continuous development of this thesis,

thereby ensuring that the process remained firmly grounded in the collected data.

Completing the thesis has been a transformative experience that has significantly ad-
vanced the researcher's analytical skills and deepened the understanding of organisa-
tional behaviour. It has underscored the critical importance of employing a rigorous
methodological approach to address the research questions posed effectively. Beyond
the academic milestones achieved, this journey has engendered a profound sense of
accomplishment and confidence in scholarly abilities. Personal values, including a com-
mitment to continuous learning and a belief in the importance of thorough research,
have been reinforced throughout this process. Looking ahead to future research endeav-

ours, the lessons learned from this experience will undoubtedly serve as a cornerstone.

5.9 Conclusion of the thesis

This dissertation makes a significant contribution to the field of technology acceptance
research by exploring how acceptance-related factors shape system performance within
the healthcare manufacturing industry. This study offers a nuanced understanding of
human-robot collaboration by applying the constructivist grounded theory methodol-
ogy, supported by reflexive thematic analysis. Drawing on an in-depth case study of a

leading global healthcare manufacturer in Germany, the research employed document
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analysis, eight participant observations, and 27 semi-structured interviews with employ-

ees and managers.

The core contribution of this study is developing a conceptual framework that holisti-
cally captures the interplay among individual and organisational factors influencing ac-
ceptance and shaping system performance. By mapping input, process, and output fac-
tors, this framework offers nuanced insights into the dynamics of collaborative robotics
in real-world manufacturing settings. A significant finding stems from the study identi-
fying the critical role of emotional factors in shaping technology acceptance and system
performance, an aspect overlooked mainly in extant literature, as noted by Hopko et al.
(2022).

These findings deepen the theoretical understanding of collaborative robots in Industry
4.0 environments and establish a solid foundation for future investigations into the in-
tegration of artificial intelligence and collaborative robots, an essential step toward re-
alising the vision of Industry 5.0, as outlined by Wang et al. (2025). Despite the study's
limitations, the proposed conceptual framework offers scholars and industry practition-
ers valuable guidance. It provides a practical tool for managers aiming to implement
collaborative robotics in manufacturing environments and gives scholars a basis for fur-

ther conceptual development.

In sum, this study substantially contributes to the evolving scholarly discourse on tech-
nology acceptance and human-robot collaboration. The insights generated here pave
the way for more impactful, interdisciplinary research, bridging theory and practice. As
collaborative robot adoption evolves, this study serves as a vital stepping stone for fu-
ture exploration in understanding their impact on system performance, advancing aca-

demic inquiry and practical implementation.
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Appendix B: Interview protocol

Appendix B.1: Interview protocol for employees (pilot study)

Interview protocol for employees (Interview Leitfaden fiir Mitarbeitende)
Version 1 (23.10.2023)

Formal aspects (Formale Aspekte)

» Explanation/description of the study via the participant information sheet
Erklarung der Studie tGber Teilnehmer-Informationsblatt

» Obtain agreement for the participant consent form
Einholung der Zustimmung zur Einwilligungserklarung

» Obtain consent to record the interview
Einholung der Zustimmung zur Aufzeichnung des Interviews

> Additional information about the interview
Zusatzliche Informationen zum Interview

Background / Demographic questions
(Hintergrundinformationen / Demographische Fragen)

» Age / gender (Alter / Geschlecht)
» Educational level (Bildungsgrad)
» Position (Tatigkeitsbezeichnung)

» Does the training relate to the current position?
Steht Ausbildung / Studium im Zusammenhang mit aktueller Tatigkeit?

» Length of experience in the department
Dauer der Berufserfahrung innerhalb der Abteilung

» Work experience in current position
Berufserfahrung in der aktuellen Tatigkeit

» Experience working with industrial robots
Erfahrung im Umgang mit Industrierobotern

» Frequency of interaction with cobots in the last year
(categorised as high/medium/low)

Frequenz der Zusammenarbeit mit Cobots im letzten Jahr
(Kategorisiert als hoch/mittel/niedrig)

Definition (Definition)
High: regular interaction (min. 1x per week)
Hoch: regelmaRige Zusammenarbeit (min. 1x pro Woche)

Medium: regular interaction (min. 1x per month)
Mittel: regelmaRige Zusammenarbeit (min. 1x pro Monat)
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Low: occasional interaction (min. 1x per year)
Niedrig: punktuelle Zusammenarbeit (min. 1x pro Jahr)

Structural perspective (Strukturelle Perspektive)

Q1: In which steps of the work process are you supported by cobots?
(knowledge question*)
F1: Bei welchen Arbeitsschritten wirst du durch Cobots unterstiitzt?

Q2: How good or confident do you feel when using the cobots?
(feeling question*)
F2: Wie gut bzw. sicher (routiniert) fihlst du dich bei der Verwendung der Cobots?

Q3: What do you see as positive or negative about working with cobots?
(sensory question*)
F3: Was nimmst du bei der Zusammenarbeit mit den Cobots als gut/schlecht wahr?

Individual perspective (Individuelle Perspektive)

Q4: How valuable do you consider the support provided by the cobots? Have the
cobots met your expectations?

(opinion and value question*)

F4: Wie wertvoll empfindest du die Unterstiitzung durch die Cobots? Haben die
Cobots deine Erwartungen erfillt?

Q5: To what extent did the cobots relieve you physically?
(experience and behaviour question*)
F5: Inwiefern stellten die Cobots fiir dich eine kérperliche Entlastung dar?

Q6: How were you trained to use the cobots? How long did the training take?
(knowledge question*)

F6: Wie wurdest du im Umgang mit den Cobots eingearbeitet/geschult? Wie lange
hat die Einarbeitung gedauert?

Q7: If you needed help working with the cobots, how were you supported?
(knowledge question*)

F7: Wie wurdest du unterstiitzt, wenn du Hilfe bei der Arbeit mit den Cobots beno-
tigt hast?

Q8: If you have the choice of running a production with or without cobots, how
would you decide and why?

(opinion and value question*)

F8: Wenn du die Wahl hast, eine Produktion mit bzw. ohne Cobots zu machen, wie
entscheidest du dich und warum?

Q9: Should the cobots be removed from the production process? (and why/why
not)
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(opinion and value question*)
F9: Sollten die Cobots wieder aus dem Arbeitsablauf entfernt werden? (und
warum/warum nicht)

Q10: What did you think (or feel) when you first saw cobots? (fears, hopes) How
has it changed since then?

(feeling question*)

F10: Was hast du gedacht (bzw. gefiihlt), als du die Cobots das erste Mal gesehen
hast? (Angste, Hoffnungen) Wie hat sich dies bis heute verdndert?

Q11: Have you developed an emotional connection with the cobots (similar to a
colleague) or how does it feel to work with the cobots (compared to working with
a human colleague)?

(feeling question*)

F11: Hast du eine emotionale Bindung zu den Cobots aufgebaut (dhnlich wie bei ei-
nem Kollegen)? oder wie fiihlt es sich an, mit den Cobots zusammenzuarbeiten (im
Vergleich zur Zusammenarbeit mit einem menschlichen Kollegen)?

Q12: How has the implementation of the cobots changed your motivation in re-
gard to your work/tasks? (Link also to assessment of the value of own work)
(opinion and value question*)

F12: Wie hat sich deine Motivation hinsichtlich deiner Arbeit/Aufgaben durch die
Etablierung der Cobots verandert? (Link auch zu Einschatzung des Werts der Arbeit)

Social perspective (Soziale Perspektive)

Q13: How has collaboration within the group changed because of the implementa-
tion of the cobots?

(experience and behaviour question*)

F13: Wie hat sich durch die Cobots die Zusammenarbeit in der Gruppe verandert?

Q14: Have there been any improvements in the collaboration/working process
with the cobots, or do you have any additional ideas for improvements? (adjust-
ments to the cobots if necessary)

(experience and behaviour question*)

F14: Gab es bereits Verbesserungen bei der Zusammenarbeit/dem Arbeitsablauf mit
den Cobots bzw. Hast du weitere Ideen fiir Verbesserungen? (ggf. Anpassungen der
Cobots)

Productivity (Produktivitat)

Q15: How has the productivity of the relevant production lines changed as a result
of the cobots (What do you attribute the increase in productivity to? / How do you
define efficiency?)

(experience and behaviour question*)
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F15: Wie hat sich die Produktivitat der entsprechenden Produktionen durch die
Cobots verandert? (An was machst du die Produktivitatssteigerung fest? / Wie defi-
nierst du effizient?)

Additional questions (Weitere Fragen)

Q16: Additional questions (not included in the protocol of the interview)
(experience and behaviour question*)
F16: Weitere Frage (zusatzlich zum Interview Leitfaden)

Abbreviation (Abkiirzung)
Q: Question (F: Frage)

* Interview questions categorised according to Patton (2015, p. 444 f.)

Table B-1: Interview protocol for employees (pilot study)
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Appendix B.2: Interview protocol for employees (main study)

Interview protocol for employees (Interview Leitfaden fiir Mitarbeitende)

Version 2 (20.11.2023)

Formal aspects (Formale Aspekte)

» Explanation/description of the study via the participant information sheet

Erklarung der Studie Gber Teilnehmer-Informationsblatt

» Obtain agreement for the participant consent form
Einholung der Zustimmung zur Einwilligungserklarung

» Obtain consent to record the interview
Einholung der Zustimmung zur Aufzeichnung des Interviews

> Additional information about the interview
Zusatzliche Informationen zum Interview

Background / Demographic questions
(Hintergrundinformationen / Demographische Fragen)

» Age / gender (Alter / Geschlecht)
» Educational level (Bildungsgrad)
» Position (Tatigkeitsbezeichnung)

» Does the training relate to the current position?
Steht Ausbildung / Studium im Zusammenhang mit aktueller Tatigkeit?

» Length of experience in the department
Dauer der Berufserfahrung innerhalb der Abteilung

» Work experience in current position
Berufserfahrung in der aktuellen Tatigkeit

» Experience working with industrial robots
Erfahrung im Umgang mit Industrierobotern

» Frequency of interaction with cobots in the last year
(categorised as high/medium/low)

Frequenz der Zusammenarbeit mit Cobots im letzten Jahr
(Kategorisiert als hoch/mittel/niedrig)

Definition (Definition)

High: regular interaction (min. 1x per week)

Hoch: regelmaRige Zusammenarbeit (min. 1x pro Woche)
Medium: regular interaction (min. 1x per month)

Mittel: regelmaRige Zusammenarbeit (min. 1x pro Monat)
Low: occasional interaction (min. 1x per year)

Niedrig: punktuelle Zusammenarbeit (min. 1x pro Jahr)
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Structural perspective (Strukturelle Perspektive)

Q1: In which steps of the work process are you supported by cobots?
(knowledge question*)
F1: Bei welchen Arbeitsschritten wirst du durch Cobots unterstiitzt?

Q2: How good or confident do you feel when using the cobots?
(feeling question*)
F2: Wie gut bzw. sicher (routiniert) fihlst du dich bei der Verwendung der Cobots?

Q3: What do you see as positive or negative about working with cobots?
(sensory question*)
F3: Was nimmst du bei der Zusammenarbeit mit den Cobots als gut/schlecht wahr?

Individual perspective (Individuelle Perspektive)

Q4: How valuable do you consider the support provided by the cobots? Have the
cobots met your expectations?

(opinion and value question*)

F4: Wie wertvoll empfindest du die Unterstiitzung durch die Cobots? Haben die
Cobots deine Erwartungen erfillt?

Q5: To what extent did the cobots relieve you physically?
(experience and behaviour question*)
F5: Inwiefern stellten die Cobots fiir dich eine kérperliche Entlastung dar?

Q6: How were you trained to use the cobots? How long did the training take?
(knowledge question*)

F6: Wie wurdest du im Umgang mit den Cobots eingearbeitet/geschult? Wie lange
hat die Einarbeitung gedauert?

Q7: If you needed help working with the cobots, how were you supported?
(knowledge question*)

F7: Wie wurdest du unterstitzt, wenn du Hilfe bei der Arbeit mit den Cobots beno-
tigt hast?

Q8: If you have the choice of running a production with or without cobots, how
would you decide and why?

(opinion and value question*)

F8: Wenn du die Wahl hast, eine Produktion mit bzw. ohne Cobots zu machen, wie
entscheidest du dich und warum?

Q9: Should the cobots be removed from the production process? (and why/why
not)

(opinion and value question*)

F9: Sollten die Cobots wieder aus dem Arbeitsablauf entfernt werden? (und
warum/warum nicht)
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Q10: What did you think (or feel) when you first saw cobots? (fears, hopes) How
has it changed since then?

(feeling question*)

F10: Was hast du gedacht (bzw. gefiihlt), als du die Cobots das erste Mal gesehen
hast? (Angste, Hoffnungen) Wie hat sich dies bis heute verdndert?

Ql1la (ADAPTED): How does it feel to work with the cobots (compared to working
with a human colleague)?

(feeling question*)

F11la (ADAPTIERT): Wie fuhlt es sich an, mit den Cobots zusammenzuarbeiten (im
Vergleich zur Zusammenarbeit mit einem menschlichen Kollegen)??

Q12a (REPLACED): Is it more or less enjoyable to do the tasks (at work) with the
cobot than without the cobot? Have the development opportunities for your
role/activity changed? If so, how?

(opinion and value question*)

F12a (ERSETZT): Macht die Erledigung der Aufgaben (bei der Arbeit) zusammen mit
dem Cobot mehr oder weniger Spal} als ohne Cobot? Haben sich die Entwicklungs-
moglichkeiten fur deine Rolle/Tatigkeit verandert? Und wenn ja, wie?

F18 (NEW): What would it be like if additional cobots were to be introduced into
your workplace? What would it be like if you only worked with cobots?

(opinion and value question*)

F18 (NEU): Wie wiére es, wenn zusatzlich Cobots in deinem Arbeitsbereich etabliert
werden wiirden? Wie ware es, wenn du nur noch mit Cobots zusammenarbeiten
wirdest?

Q19 (NEW): To what extent do you think a cobot can replace a human?
(opinion and value question*)
F19 (NEU): Inwieweit denkst du, dass ein Cobot einen Menschen ersetzen kann?

Social perspective (Soziale Perspektive)

Q13: How has collaboration within the group changed because of the implementa-
tion of the cobots?

(experience and behaviour question*)

F13: Wie hat sich durch die Cobots die Zusammenarbeit in der Gruppe verandert?

Q14: Have there been any improvements in the collaboration/working process
with the cobots, or do you have any additional ideas for improvements? (adjust-
ments to the cobots if necessary)

(experience and behaviour question*)

F14: Gab es bereits Verbesserungen bei der Zusammenarbeit/dem Arbeitsablauf mit
den Cobots bzw. Hast du weitere Ideen fiir Verbesserungen? (ggf. Anpassungen der
Cobots)
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Productivity (Produktivitit)

Q15: How has the productivity of the relevant production lines changed as a result
of the cobots (What do you attribute the increase in productivity to? / How do you
define efficiency?)

(experience and behaviour question*)

F15: Wie hat sich die Produktivitat der entsprechenden Produktionen durch die
Cobots verandert? (An was machst du die Produktivitatssteigerung fest? / Wie defi-
nierst du effizient?)

Additional questions (Weitere Fragen)

Q16: Additional questions (not included in the protocol of the interview)
(experience and behaviour question*)
F16: Weitere Frage (zusatzlich zum Interview Leitfaden).

Q17 (NEW): Ask for more information about the cobots.
(experience and behaviour question*)
F17 (NEU): Frage nach weiteren Informationen zu den Cobots.

Abbreviation (Abkiirzung)
Q: Question (F: Frage)

* Interview questions categorised according to Patton (2015, p. 444 f.)

Table B-2: Interview protocol for employees (main study)
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Appendix B.3: Interview protocol for managers

Interview protocol for managers (Interview Leitfaden fiir Flihrungskrdfte)
Version 1 (24.01.2024)

Formal aspects (Formale Aspekte)

» Explanation/description of the study via the participant information sheet
Erklarung der Studie tGber Teilnehmer-Informationsblatt

» Obtain agreement for the participant consent form
Einholung der Zustimmung zur Einwilligungserklarung

» Obtain consent to record the interview
Einholung der Zustimmung zur Aufzeichnung des Interviews

> Additional information about the interview
Zusatzliche Informationen zum Interview

Background / Demographic questions
(Hintergrundinformationen / Demographische Fragen)

> Age / gender (Alter / Geschlecht)
» Educational level (Bildungsgrad)
» Position (Tatigkeitsbezeichnung)

» Does the training relate to the current position?
Steht Ausbildung / Studium im Zusammenhang mit aktueller Tatigkeit?

» Length of experience in the department
Dauer der Berufserfahrung innerhalb der Abteilung

» Work experience in current position
Berufserfahrung in der aktuellen Tatigkeit

Structural perspective (Strukturelle Perspektive)

Q1: How has the use of cobots changed over time?
(knowledge question*)
F1: Wie hat sich die Haufigkeit der Verwendung der Cobots liber die Zeit verandert?

Q2: How have cobots changed your human resources management?
(opinion and value question*)
F2: Wie hat sich die/deine Personalfiihrung durch die Cobots verandert?

Q3: Are there any current constraints/limitations in the organisation that you are
aware of? If so, what are they? How is the implementation of cobots supported by
senior management?

(opinion and value question*)
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F3: Gibt es aktuell im Bereich (d.h. der Organisation) gewisse Zwéange / Restriktio-
nen, die du wahrnimmst? Und wenn ja, welch? Wie wird die Etablierung von Cobots
durch das héhere Management unterstiitzt?

Individual perspective (Individuelle Perspektive)

Q4: What is your perception of the cobots? How valuable do you think the cobots
are to the department?

(sensory question*)

F4: Wie ist deine Wahrnehmung der Cobots? Wie wertvoll siehst du die Unterstit-
zung durch die Cobots fiir die Abteilung?

Q5: What fears or hopes did you or your employees have at the beginning of the
implementation of cobots? How has this changed to date?

(feeling question®)

F5: Welche Angste bzw. Hoffnungen gibt es bzw. gab es am Anfang der Implementie-
rung von Cobots bei dir bzw. bei den Mitarbeitern? Wie hat sich dies bis heute
verandert?

Q6: How are cobots currently perceived by employees (especially in terms of form-
ing an emotional bond comparable to a colleague)?

(experience and behaviour question*)

F6: Wie werden die Cobots heute von den Mitarbeitenden gesehen (v.a. hinsichtlich
einer emotionalen Bindung vergleichbar zu einem Kollegen)?

Q7: Has the implementation of the cobot changed employees' perceptions of the
value of their work? If so, how or why?

(experience and behaviour question*)

F7: Hat sich durch die Etablierung der Cobots, bei den Mitarbeitern, die Einschdtzung
zum Wert deren Arbeit verandert? Und wenn ja, wie bzw. warum?

Social perspective (Soziale Perspektive)

Q8: How has collaboration within the group changed as a result of the implemen-
tation of cobots?

(experience and behaviour question*)

F8: Wie hat sich durch die Cobots die Zusammenarbeit in der Gruppe verandert?

Q9: How has working with cobots changed the working atmosphere?

(experience and behaviour question*)

F9: Inwiefern hat sich durch die Zusammenarbeit mit Cobots das Betriebsklima ver-
andert?

Q10: In your opinion, what has been done / what can be done to increase the ac-
ceptance of cobots?
(opinion and value question*)
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F10: Was wurde aus deiner Sicht gemacht / was kann aus deiner Sicht gemacht wer-
den, um die Akzeptanz des Cobots zu steigern?

Q11: To what extent are the employees interested in the further development of
the cobots and the processes related to them? How are employees involved in im-
provement projects?

(experience and behaviour question*)

F11: Inwieweit sind die Mitarbeiter an der Weiterentwicklung des Cobots bzw. der
entsprechenden Prozessablaufe interessiert? Wie werden die Mitarbeiter bei
Verbesserungsprojekten einbezogen?

Q12: In your opinion, is the acceptance of employees as a social group heterogene-
ous or rather homogeneous? And why is this the case?

(opinion and value question*)

F12: Ist aus deiner Sicht die Akzeptanz bei den Mitarbeitern als soziale Gruppe hete-
rogen oder eher homogen? Und warum ist das so?

Q13: Is there a (conflicting) positioning within the group (pro/con cobot)? If so,
why and how do you deal with it?

(experience and behaviour question*)

F13: Gibt es innerhalb der Gruppe eine (unverséhnliche) ,Lager”-Bildung (in
pro/contra Cobot)? Und wenn ja, warum gibt es diese und wie gehst du damit um?

Q14: Do you think there are opinion leaders in the group? How do they behave?
(experience and behaviour question*)
F14: Gibt es aus deiner Sicht in der Gruppe Meinungsbildner? Wie agieren diese?

Productivity (Produktivitat)

Q15: How has the productivity of the relevant production lines changed as a result
of cobots (What do you attribute the increase in productivity to? / How do you de-
fine efficiency?)

(experience and behaviour question*)

F15: Wie hat sich die Produktivitat der entsprechenden Produktionen durch die
Cobots verandert? (An was machst du die Produktivitatssteigerung fest? / Wie defi-
nierst du effizient?)

Q16: To what extent did the product quality change as a result of cobots?
(experience and behaviour question*)
F16: Inwiefern hat sich durch die Cobots die Qualitat der Produkte verandert?
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Additional questions (Weitere Fragen)

Q17: Ask for more information about the cobots.
(experience and behaviour question*)
F17: Frage nach weiteren Informationen zu den Cobots.

Q18: Additional questions (not included in the protocol of the interview)
F18: Weitere Frage (zusatzlich zum Interview Leitfaden).

Abbreviation (Abkiirzung)
Q: Question (F: Frage)

* Interview questions categorised according to Patton (2015, p. 444 f.)

Table B-3: Interview protocol for managers
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Appendix C: Participant information sheet and participant consent form

Appendix C.1: Participant information sheet

PARTICIPANT INFORMATION SHEET

1. Title of project
Exploring the social implications of collaborative robots on the shop floor: a case study

2. Legal basis for research for studies

The University undertakes research as part of its function for the community under its
legal status. Data protection allows us to use personal data for research with appropri-
ate safeguardsin place under the legal basis of public tasks that are in the public interest.
A full statement of your rights can be found at: www.shu.ac.uk/about-this-website/pri-
vacy-policy/privacy-notices/privacy-notice-for-research. However, all University re-
search is reviewed to ensure that participants are treated appropriately and their rights
are respected. This study was approved by the University's Research Ethics Committee
with reference number ER29288395. Further information at: www.shu.ac.uk/re-
search/excellence/ethics-and-integrity.

3. Opening statement

The research aims to analyse social implications that arise from the use of collaborative
robots. As part of this dissertation, the researcher is conducting direct observations and
in-depth interviews. In order to achieve this objective, the researcher would welcome
your participation in this study.

4. Why have you asked me to take part?

You either directly (as an employee) or indirectly (as a supervisor or manager) work
closely with a collaborative robot in a real-world setting. In order to generate a valid
research result, direct observations and in-depth interviews must be conducted with
sufficient participants.

5. Do | have to take part?

It is up to you to decide if you want to take part. A copy of the information provided
here is yours to keep, along with the consent form if you do decide to take part. You can
still decide to withdraw at any time without giving a reason, or you can decide not to
answer a particular question.

6. What will | be required to do?
You are asked to talk about e.g. your experiences and perceptions in relation to the col-
laborative robot.

7. Where will this take place?
The observations and the conversations take place on the premises of the organisation
you work for.

8. How often will | have to take part, and for how long?

A direct observation (including informal conversations) is expected to last up to 45
minutes, and an in-depth interview is expected to last 90 minutes. After the initial inter-
view, the recording will be transcribed, and the researcher may come back to you with
further (clarifying) questions.

9. Is deception involved in the study?

There is no deception involved in the study.
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10. Are there any possible risks or disadvantages in taking part?
There are no possible risks or disadvantages in taking part.

11. What are the possible benefits of taking part?
There are no possible benefits of taking part.

12. When will | have the opportunity to discuss my participation?
There will be a short debriefing after each direct observation and each in-depth inter-
view where you can discuss your participation in the study with the researcher.

13. Will anyone be able to connect me with what is recorded and reported?
The anonymity of the participants will be achieved by changing the participant's names
into pseudonyms.

14. Who will be responsible for all of the information when this study is over?
The researcher, Stefanie Trinkwalder, will be responsible for all of the information.

15. Who will have access to it?

Feld notes and recordings based on direct observations (including informal conversa-
tions) and in-depth interviews will be made available as a complete data set only to the
research team and audit committee. Publication of this data is not permitted.

16. What will happen to the information when this study is over?
This study will be completed mid of 2025. The raw data will be kept for two years. They
will not be made available to anyone even after the study has been completed.

17. How will you use what you find out?
The gathered data will be published as part of the dissertation.

18. How long is the whole study likely to last?
The study takes place between 2023 and 2025.

19. How can I find out about the results of the study?
Please contact Stefanie Trinkwalder.

20. Do you have any other questions?
At this point in time, you have the opportunity to ask any further questions or seek clar-
ification regarding the study.

21. Details of who to contact with any concerns or if adverse effects occur after the
study.

Researcher/ research team details:
Stefanie Trinkwalder

You should contact the Data Protection Officer if: You should contact the Head of Research Ethics
(Dr Mayur Ranchordas) if:

e you have a query about how your data is used
by the University e you have concerns with how the research was
e you would like to report a data security breach | undertaken or how you were treated

(e.g. if you think your personal data has been lost
or disclosed inappropriately)

e you would like to complain about how the Uni-
versity has used your personal data

DPO@shu.ac.uk ethicssupport@shu.ac.uk

Postal address: Sheffield Hallam University, Howard Street, Sheffield S1 1WBT

-285-


mailto:DPO@shu.ac.uk
mailto:ethicssupport@shu.ac.uk

TEILNEHMER-INFORMATIONSBLATT

1. Titel des Dissertation (Forschungsstudie)

Untersuchung der sozialen Auswirkungen von kollaborativen Robotern auf Mi-
tarbeiterebene (Exploring the social implications of collaborative robots on the shop
floor: a case study)

2. Rechtsgrundlage fiir Forschungsstudien

Die Universitat betreibt Forschung als Teil ihrer Funktion fiir die Gemeinschaft im Rah-
men ihrer Rechtsstellung. Der Datenschutz erlaubt es uns, personenbezogene Daten fir
die Forschung zu verwenden, wobei angemessene SchutzmalRnahmen auf der Rechts-
grundlage offentlicher Aufgaben im o6ffentlichen Interesse vorgesehen sind. Eine voll-
standige Erklarung lhrer Rechte finden Sie unter: www.shu.ac.uk/about-this-webs-
ite/privacy-policy/privacy-notices/privacy-notice-for-re search. Alle Forschungsarbeiten
der Universitat werden jedoch Gberpriift, um sicherzustellen, dass die Teilnehmer ange-
messen behandelt und ihre Rechte respektiert werden. Diese Studie wurde von der For-
schungsethikkommission der Universitat unter der Referenznummer ER29288395 ge-
nehmigt. Link fur weitere Informationen: www.shu.ac.uk/ research/excellence/
ethics-and-integrity

3. Zielsetzung der Dissertation

Ziel der Forschung ist es, soziale Auswirkungen zu analysieren, die durch den Einsatz von
kollaborativen Robotern entstehen. Im Rahmen dieser Dissertation fuhrt die Forscherin
direkte Beobachtungen und ausfihrliche Interviews durch. Um dieses Ziel zu erreichen,
wirde die Forscherin lhre Teilnahme an dieser Studie begrii3en.

4. Warum haben Sie mich gebeten, daran teilzunehmen?

Sie arbeiten entweder direkt (als Mitarbeitender) oder indirekt (als Vorgesetzter) eng
mit einem kollaborativen Roboter in einer realen Umgebung zusammen. Um ein valides
Forschungsergebnis zu erzielen, miissen direkte Beobachtungen und ausfihrliche Inter-
views mit genligend Teilnehmern durchgefiihrt werden.

5. Muss ich mitmachen?

Es ist lhre freie Entscheidung, ob Sie teilnehmen mdchten. Sie erhalten eine Kopie der
hier bereitgestellten Informationen sowie des Einwilligungsformulars, wenn Sie sich fiir
eine Teilnahme entscheiden. Sie konnen jederzeit ohne Angabe von Griinden von der
Teilnahme zurilicktreten oder auf die Beantwortung einer bestimmten Frage verzichten.

6. Was werde ich tun miissen?
Sie werden gebeten, z. B. Uiber lhre Erfahrungen und Wahrnehmungen im Zusammen-
hang mit dem kollaborativen Roboter zu sprechen.

7. Wo wird die Datenerhebung stattfinden?
Die Beobachtungen und Gesprache finden am Firmenstandort statt.

8. Wie oft und wie lange muss ich daran teilnehmen?

Fiir eine direkte Beobachtung (einschliefilich informeller Gesprache) werden bis zu 45
Minuten veranschlagt, flir ein ausfiihrliches Interview bis zu 90 Minuten. Nach dem ers-
ten Gesprach wird die Aufnahme transkribiert und der Forscher kann mit weiteren (kla-
renden) Fragen auf Sie zuriickkommen.

9. Ist die Studie mit Tauschung verbunden?
Die Studie beinhaltet keine Tauschung.

10. Gibt es mégliche Risiken oder Nachteile bei der Teilnahme?
Die Teilnahme ist mit keinerlei Risiken oder Nachteilen verbunden.
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11. Was sind die méglichen Vorteile einer Teilnahme?
Es gibt keine moglichen Vorteile einer Teilnahme.

12. Wann werde ich die Moglichkeit haben, meine Teilnahme zu besprechen?

Nach jeder direkten Beobachtung und jedem ausfiihrlichen Interview findet eine kurze
Nachbesprechung statt, in der Sie lhre Teilnahme an der Studie mit dem Forscher be-
sprechen konnen.

13. Kann mich jemand mit dem in Verbindung bringen, was ich gesagt habe?
Die Anonymitat der Teilnehmer wird erreicht, indem die Namen der Teilnehmer in Pseu-
donyme umgewandelt werden.

14. Wer wird nach Abschluss der Studie fiir alle Daten verantwortlich sein?
Die Forscherin Stefanie Trinkwalder wird fur alle Daten verantwortlich sein.

15. Wer wird Zugang zu den erhobenen Daten haben?

Notizen und Aufzeichnungen, die auf direkten Beobachtungen (einschlieBlich informel-
ler Gesprache) und ausfihrlichen Interviews beruhen, werden als vollstandiger Daten-
satz nur dem Forschungsteam und dem Priifungsausschuss zur Verfiigung gestellt. Eine
Veroffentlichung dieser Daten ist nicht gestattet.

16. Was wird mit den Informationen geschehen, wenn die Studie abgeschlossen ist?

Diese Studie wird Mitte 2025 abgeschlossen sein. Die Rohdaten werden zwei Jahre lang
aufbewahrt. Sie werden auch nach Abschluss der Studie niemandem zuganglich ge-
macht.

17. Wie werden Sie das, was Sie herausfinden, nutzen?

Die gesammelten Daten werden im Rahmen der Dissertation veroffentlicht.
18. Wie lange wird die gesamte Studie voraussichtlich dauern?

Die Studie findet in den Jahren 2023 bis 2025 statt.

19. Wie kann ich mich liber die Ergebnisse der Studie informieren?

Bitte kontaktieren Sie dazu Stefanie Trinkwalder.

20. Haben Sie noch weitere Fragen?
Zu diesem Zeitpunkt haben Sie die Mdglichkeit, weitere Fragen zu stellen oder sich tber
die Studie zu informieren.

21. Angaben dariiber, an wen Sie sich wenden kdnnen, falls es Bedenken beziiglich der Studie
gibt.

Forscher/ Forschungsteam Details:
Stefanie Trinkwalder

Sie sollten sich an den Datenschutzbeauftragten wen- | Wenden Sie sich bitte an den Leiter der Abtei-

den, wenn: lung Forschungsethik (Dr. Mayur Ranchordas),
wenn:
e Sie eine Frage zur Verwendung lhrer Daten durch
die Universitat haben. e Sie Bedenken oder Beschwerden haben, wie
e Sie eine Verletzung der Datensicherheit melden die Forschung durchgefiihrt wurde oder wie
maochten (z. B. wenn Sie glauben, dass lhre perso- Sie behandelt wurden.

nenbezogenen Daten verloren gegangen sind oder
unberechtigt weitergegeben wurden).

e Sie sich Uber die Verwendung ihrer persénlichen
Daten durch die Universitit beschweren méchten. ethicssupport@shu.ac.uk

DPO@shu.ac.uk
Postanschrift: Sheffield Hallam University, Howard Street, Sheffield S1 1WBT
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Appendix C.2: Participant consent form

PARTICIPANT CONSENT FORM

TITLE OF RESEARCH STUDY:
Exploring the social implications of collaborative robots on the shop floor: a case study

Please answer the following questions by ticking the response that applies

YES NO
| have read the Information Sheet for this study and have had de- [ ] []
tails of the study explained to me.

My questions about the study have been answered to my satis- D D
faction and | understand that | may ask further questions at any

point.

| understand that | am free to withdraw from the study within [] []
the time limits outlined in the Information Sheet, without giving

a reason for my withdrawal or to decline to answer any particular

guestions in the study without any consequences to my future

treatment by the researcher.

| agree to provide information to the researchers under the con- [] []
ditions of confidentiality set out in the Information Sheet.

| wish to participate in the study under the conditions set out in |:| |:|

the Information Sheet.

Participant's Signature: Date:

Participant's Name (Printed):

Contact details:

Researcher's Name (Printed):

Researcher's Signature:

Researcher's contact details:
Stefanie Trinkwalder

Please keep your copy of the consent form and the information sheet together.
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EINWILLIGUNGSFORMULAR FUR TEILNEHMER

TITEL DER DISSERTATION:

Untersuchung der sozialen Auswirkungen von kollaborativen Robotern auf Mitarbei-
terebene. (Exploring the social implications of collaborative robots on the shop floor: a
case study)

Bitte beantworten Sie die folgenden Fragen, indem Sie die zutreffende Antwort ankreu-
zen
Ja Nein
Ich habe das Informationsblatt zu dieser Studie gelesen und mir [] []
die Einzelheiten der Studie erklaren lassen.

Meine Fragen zur Studie sind zu meiner Zufriedenheit beantwor- [] []
tet worden und ich weiR, dass ich jederzeit weitere Fragen stel-
len kann.

Mir ist bekannt, dass es mir freisteht, innerhalb der im Informati- |:| |:|
onsblatt genannten Fristen aus der Studie auszusteigen, ohne ei-

nen Grund flir meinen Ausstieg zu nennen oder die Beantwor-

tung bestimmter Fragen im Rahmen der Studie zu verweigern,

ohne dass dies Konsequenzen fiir meine zukiinftige Behandlung

durch die Forscherin hat.

Ich erklare mich damit einverstanden, der Forscherin Informatio- [] []
nen unter den im Informationsblatt genannten Bedingungen zur
Verfligung zu stellen.

Ich méchte an der Studie unter den im Informationsblatt genann- [] []
ten Bedingungen teilnehmen.

Unterschrift des Teilnehmers: Datum:

Name des Teilnehmers (in Druckbuchstaben):

Kontaktinformationen:

Name der Forscherin (in Druckbuchstaben):

Unterschrift der Forscherin:

Kontaktdaten der Forscherin:
Stefanie Trinkwalder

Bitte bewahren Sie Ilhr Exemplar der Einverstdndniserkldrung und das Informations-
blatt zusammen auf.
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Appendix D: Ethics overview and approval

Appendix D.1: Ethics table

Title of research study Ethics review  Approval date Thesis chapter(s)
reference

A case study of cyber-physi- ~ ER29288395 14/01/2021 All chapters
cal production systems and
implications for organisa-

tional change

Appendix D.2: Ethics approval (Converis)

A case study of cyber-physical production systems and
implications for organisational change

Ethics Review ID: ER29288395
Workflow Status: Application Approved

Type of Ethics Review Template: Very low risk human participants studies

Primary Researcher / Principal Investigator

Stefanie Trinkwalder
(Sheffield Business School)

Converis Project Application:

Q1. Is this project ii) Doctoral research

Director of Studies

Sarah Fidment
(Sheffield Business School)
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Appendix E: Thematic table with critical statements

Name Description (Critical statements)
Personal This theme addresses the individual attributes and characteristics
factors that influence employees' perceptions of collaborative robots.

These include demographic factors, personal expertise, familiarity
with technology, self-help capabilities, and individual work prefer-
ences. (theme)

Demographic fac-
tors

References from participants on the impact of demographic factors
on employees' perceptions of cobots. (main code)

F3 (employee): And maybe it is also because of my age, but at first,
| was a bit apprehensive.

F3 (Mitarbeitende): Und vielleicht ist es auch mein Alter, aber da habe
ich schon erstmal Respekt gehabt.

F6 (employee): | belong to a generation that is more familiar with
new technologies.

F6 (Mitarbeitende): Ich bin in der Generation, die technisch mit
Neuem eher vertraut ist.

M21 (manager): Of course, it also depends on personal factors such
as educational background and age. If someone belongs to a
younger generation, they may also be more tech-savvy and more
interested in technology than an employee who has only known tra-
ditional manual work for years or decades.

M21 (Fiihrungskraft): Es liegt natiirlich auch an persénlichen Fakto-
ren wie Bildungshintergrund, Alter vielleicht auch. Wenn jemand der
jlingeren Generation angehért, ist er vielleicht auch technisch affiner,
technologisch interessierter als ein Mitarbeiter, der liber Jahre, Jahr-
zehnte ausschliefdlich die klassische manuelle Arbeit gekannt hat.

Expertise of

References from participants on employee expertise regarding

employees cobots, based on familiarity with cobots and self-help capabilities.
(main code)
Familiarity References from participants about employees' familiarity and level
with of comfort when handling cobots. (code)
technology M2 (employee): | do not feel confident; when | am alone with the
cobot, | do not know how to operate it.
M2 (Mitarbeitende): Ich fiihle mich nicht sicher; wenn ich alleine am
Cobot bin, weifs ich nicht, wie ich ihn bedienen muss.
F4 (employee): Very experienced.
F4 (Mitarbeitende): Sehr routiniert.
M5 (employee): | arrive in the morning and switch it (cobot) on if
there is a work order and it is running.
M5 (Mitarbeitende): Ich komme in der Friih und mache ihn an
(Cobot), falls ein Auftrag da ist und der lduft.
Self-help References from participants about their self-help capabilities when
capability using cobots. (code)
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F6 (employee): Yes, if it is an easy fix—like if it has just lost a Sar-
stedt vial or something—then | just restart it.

F6 (Mitarbeitende): Ja, wenn es eine einfache Lésung ist, weil er jetzt
zum Beispiel, ein Sarstedt oder irgendwas verloren hat, dann starte
ich ihn halt neu.

M5 (employee): From time to time, we have been able to fix the
little things ourselves so that it keeps running.

M5 (Mitarbeitende): Ab und zu haben wir, sag ich mal, die Kleinigkei-
ten selber richten [reparieren] kénnen, dass er weiterlduft.

M23 (employee): What | have noticed now, but that could also be
changed, as | said, if people are trained intensively. That would be
better for us and also good for the company, | would say. Then
everyone would be autonomous.

M23 (Mitarbeitende): Was ich jetzt mitbekommen habe, aber das
kénnte man auch dndern, wie gesagt, wenn man die Leute intensiv
anlernt [einarbeitet]. Besser fiir uns und auch gut fiir die Firma, sag
ich mal. Dann ist halt jeder selbststdndig.

Work
preferences

References from participants on employees' work preferences. (main
code)

M10 (employee): | am the kind of person [...], | could not sit alone
in a room; it would be a bit too monotonous and boring for me.
M10 (Mitarbeitende): Ich bin ja so ein Mensch, ich kénnte jetzt nicht
alleine in einem Raum sitzen, es wédre mir dann ein bisschen zu mono-
ton, zu langweilig.

M11 (employee): | do not want to sit around machines all day. | like
dealing with people, but that is just me.

M11 (Mitarbeitende): Also ich méchte nicht den ganzen Tag bei Ma-
schinen hocken [sitzen]. Ich habe gerne mit Menschen zu tun, aber
das ist auch nur, das bin ich.

F6 (employee): Preferably alone. Of course, it is nice to do some-
thing together sometimes, but | do not think it would be good for
me to always work in a team.

F6 (Mitarbeitende): Eher alleine. Also klar ist es auch mal schén, wenn
man zusammen etwas macht. Aber dauerhaft nur im Team arbeiten,
wdre glaube ich fiir mich nicht gut.

Subjective
usefulness

This theme reflects participants' perceptions of the value and effec-
tiveness of cobot technology, including its contribution to goal
achievement, task relevance, physical relief, personal develop-
ment, and flexible use. It summarises users' views on the practical
benefits of using cobots in their work environment. (theme)

Goal
achievement
with cobots

References from participants on how the cobots supported them in
reaching their goals. (main code)

F6 (employee): Well, | think it is great, especially with sensitive
products or hazardous goods, because it practically does half of the
work for me.

F6 (Mitarbeitende): Also ich finde es halt schén, dass wie gesagt, ge-
rade bei Produkten, die empfindlich sind oder bei Gefahrgutproduk-
ten zum Beispiel, dass er mir praktisch die Hdlfte von der Arbeit ein-
fach abnimmt.
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M1 (employee): But the more I can bring in via a pick, the more ef-
fective | become (with the cobot). It makes no sense if | can only
bring in one Sarstedt vial at a time. A worker can do that much fas-
ter.

M1 (Mitarbeitende): Aber umso mehr ich liber einen Pick einbringen
kann (mit dem Cobot), umso effektiver werde ich ja. Wenn ich jetzt
immer nur ein Sarstedt einbringe, dann macht es keinen Sinn. Das
kann der Bearbeiter viel schneller.

F4 (employee): It does the same work that we do. It cannot do eve-
rything, but it can do parts of it, and for that reason, | really see it
as a good co-worker.

F4 (Mitarbeitende): Er macht ja auch die Arbeit, die wir machen. Nicht
alles kann er, aber einen Teilbereich davon und von dem sehe ich ihn
wirklich als guten Zuarbeiter.

F8 (employee): If you look at it, you do about half now. Before, you
had to do everything yourself, but now you only have to do 50%.
F8 (Mitarbeitende): Weil wenn du schaust ungefdhr macht man
Hidilfte, Hdlfte. Und vorher hast du ja 100% gehabt und jetzt machst
du nur noch 50%.

Relevance of
cobots

References from participants on the relevance of using a cobot for a
given task. (main code)

F6 (employee): For example, having the cobot plug in a single mod-
ule does not make much sense, because it could only plug in two
out of four vials. By the time | have set it up and everything, | have
already done about half [...] of the work myself.

F6 (Mitarbeitende): Also ein 1er-Modul macht zum Beispiel nicht viel
Sinn, vom Cobot stecken zu lassen, weil er kénnte von vier Flaschen
zwei Stlick stecken. Bis ich das eingerichtet habe usw., habe ich die
Hédilfte [...] von der Sache schon gesteckt.

M5 (employee): Small jobs are not worth doing with the cobot. Each
time, we spend more time selecting and setting up the programme
and making sure it is running.

M5 (Mitarbeitende): Kleine Auftrdge lohnt sich nicht am Cobot zu ma-
chen. Jedes Mal, wenn wir mehr Zeit verbringen, mit dem Programm
raussuchen und einstellen und schauen, dass er Iduft.

F13 (employee): | think it is a huge relief, especially when it comes
to large quantities. Otherwise, one of us would be working on it for
several days, just sitting there and inserting vials.

F13 (Mitarbeitende): Gerade bei den grofsen Mengen, glaube ich, ist
es eine wahnsinnige Erleichterung, wenn ich mir denke, einer von uns
wiirde ja mehrere Tage dran sitzen und du sitzt ja dann wirklich nur
da und bist am Stecken

F22 (employee): And that it can take care of these huge order vol-
umes so that the employees do not have to do these monotonous
tasks for days on end.

F22 (Mitarbeitende): Und dass er uns eben diese Dinge abnehmen
kann bei diesen riesen Auftragsmengen und nicht die Mitarbeiter ta-
gelang diese Tdtigkeit, diese stupide, machen miissen.

Physical relief

References from participants about the physical relief provided by
the cobots. (main code)
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F8 (employee): If you stand there like that all day, you get neck pain,
headaches, or something like that, and you just do not have that
(with the cobot).

F8 (Mitarbeitende): Wenn du den ganzen Tag so dastehst dann hast
du Gnackweh [Schmerzen im Genick] oder Kopfweh [Kopfschmerzen]
oder keine Ahnung und das hast du halt dann nicht (mit dem Cobot).

F6 (employee): Well, I notice that when | have been doing a lot of
work, | feel my wrists ache sometimes in the evening. And | think
that when you put less strain on them, you really notice the differ-
ence. It is not physically demanding work but relatively strenuous
for the joints.

F6 (Mitarbeitende): Also, ich merke, dass wenn ich viel gesteckt habe,
es abends an meinen Handgelenke schon das eine oder andere Mal.
Und ich finde schon, dass wenn man die Belastung dann weniger hat,
wie sehr man das eigentlich merkt. Es ist jetzt zwar nicht kérperlich
schwer arbeiten, aber es ist doch relativ anstrengend fiir die Gelenke.

M9 (employee): The cobot makes my work easier.
M9 (Mitarbeitende): Ich sehe den Cobot als Arbeitserleichterung.

M25 (employee): But every tray we do not have to do ourselves is
also a physical relief in some way.

M25 (Mitarbeitende): Aber jedes Tableau, das wir im Prinzip nicht sel-
ber stecken miissen, ist ja irgendwo auch eine kérperliche Entlastung.

Personal
development

References from participants on the personal development opportu-
nities of working with cobots. (main code)

M1 (employee): That was a big challenge, but | think it really helped
me to grow.

M1 (Mitarbeitende): Das war schon eine grofse Herausforderung,
aber hat mich auch wirklich, glaube ich, weitergebracht.

M10 (employee): So working with the cobot is fun because it also
challenges you a bit.

M10 (Mitarbeitende): Also mit dem Cobot zu arbeiten, das macht
Spafs, weil er dich auch ein bisschen herausfordert.

M15 (manager): Of course, it is development in many ways—per-
sonal development, professional, perhaps even financial, building
up know-how and unique expertise.

M15 (Fiihrungskraft): Das ist nattirlich in vielerlei Hinsicht Entwick-
lung, persénlicher Entwicklung, sowie fachlich, vielleicht auch finanzi-
eller Art, Aufbau von Know-how, Alleinstellungsmerkmale.

M27 (manager): Well, | say, maybe it takes away the job of a less
skilled worker, but on the other hand, it creates a job for a highly
qualified worker. Because the thing (cobot) also needs to be looked
after, sometimes something breaks, and sometimes it needs to be
programmed.

M27 (Fiihrungskraft): Also ich sag mal, vielleicht nimmt er einen ein-
facheren Arbeitsplatz weg, aber auf der anderen Seite wird dann wie-
der ein hochqualifizierter Arbeitsplatz geschaffen. Weil das Ding
(Cobot) muss ja auch betreut werden, da geht auch mal was kaputt,
das muss auch mal programmiert werden.
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M27 (manager): This is a development opportunity for me (as an
employee), so that | can take the next step. It is really about user
stories, about a collaborative way of working, but also about one's
own personal, intrinsic motivation to grow in the workplace.

M27 (Fiihrungskraft): Das ist jetzt genau eine Entwicklungsméglich-
keit fiir mich (als Mitarbeiter), dass ich den ndchsten Schritt gehen
kann. Also wirklich tGiber User Stories, iiber eine kollaborative Arbeits-
weise, aber auch lber die eigene persénliche, intrinsische Motivation,
sich weiterzuentwickeln am Arbeitsplatz.

Flexibility of
cobots

References from participants on the flexibility of cobot technology.
(main code)

M10 (employee): When | look at the cobots now, | think that you
can do many things with cobots.

M10 (Mitarbeitende): Und wenn ich halt die Cobots jetzt anschaue,
dann denke ich mir, mit den Cobots kann man halt viele Sachen ma-
chen.

M17 (employee): | think that the cobot's greatest strength is that it
is incredibly flexible. It can insert modules today and close bottles
tomorrow or whatever.

M17 (Mitarbeitende): Ich glaube, das ist ja gerade eigentlich die
gréfste Stdrke vom Cobot, dass er halt unglaublich flexibel ist. Und er
kann heute Module stecken und morgen Flaschen zudrehen oder was
auch immer.

M27 (manager): You can react very flexibly and quickly to minor re-
quirements. That is the advantage—the major advantage—of the
cobot.

M_27 (Fiihrungskraft): Und du kannst sehr flexibel auf kleine Anforde-
rungen gut und schnell reagieren. Das ist der Vorteil, der Riesenvorteil
an dem Cobot.

Subjective
user-friendliness

This theme captures participants' perceptions of the user-friendli-
ness and accessibility of cobot technology. It includes assessments
of the ease of technological advancement, ease of use, learner-
friendliness, and the impact of new demands on employees.
(theme)

Ease of use

References from participants on the ease of use of cobots. (main
code)

F3 (employee): You do not have to do anything complicated. | think
it is relatively easy to understand.

F3 (Mitarbeitende): Du musst nicht wunder was machen, der ist halt,
denk ich mal, relativ schnell zum Begreifen.

M5 (employee): Just switch it on; there is really nothing compli-
cated about it.
M5 (Mitarbeitende): Das Teil anmachen und eigentlich ist nichts Kom-
pliziertes dabei.

M16 (manager): The operation itself is very, very simple.
M16 (Fiihrungskraft): Die reine Bedienung ist sehr, sehr simpel.

Ease of
advancement

References from participants on the ease of developing and adapting
cobots in practical application. (main code)
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M19 (manager): Well, | do not need a certified robotics expert to
set it up. | think that is very positive. It is like a smartphone. That
makes it very easy, or at least much easier, to integrate into work
processes.

M19 (Fiihrungskraft): Also ich brauche jetzt keinen studierten Roboter
Fachmann, um das Ding einzurichten. Das finde ich sehr positiv. Es ist
so Smartphone mdfig. Das macht es auf alle Fdlle sehr leicht oder viel
leichter, das zu integrieren im Alltag.

M11 (employee): For example, you teach the arm (the cobot) at this
point by pressing a small button, then you move it to the other side,
where it should go, press the button again, and then it is pro-
grammed.

M11 (Mitarbeitende): Du sagst zum Beispiel okay, du teachst den Arm
(Cobot) hier ein an diesem Punkt mit so einem kleinen Knopf, dann
tust du ihn an die andere Seite, da wo er hin soll, driickst noch mal
drauf, dann ist er programmiert.

M1 (employee): It was more difficult at the beginning. It got easier
and easier as you learned the first few things. Once | started to un-
derstand how the program works, or the programming itself, it be-
came easier relatively quickly.

M1 (Mitarbeitende): Am Anfang schwerer. Es wurde dann immer ein-
facher, wenn man sich die ersten Sachen so ein bisschen angeeignet
hat, beginnt, zu verstehen, wie dieses Programm funktioniert oder die
Programmierung an sich, dann wird es relativ schnell einfacher.

Learner
friendliness

References from participants on learner-friendliness based on the
training set-up, as well as the support and assistance provided to
staff. (main code)

Support and
assistance

References from participants made to support and assistance when
working with cobots. (code)

M1 (employee): | have two colleagues who have also been trained.
They can also programme the cobot, and we can exchange ideas
with each other.

M1 (Mitarbeitende): Ich habe noch zwei Kollegen, die auch eingear-
beitet sind. Die auch den Cobot programmieren kénnen und da tau-
schen wir uns auch untereinander aus.

F3 (employee): So you are not alone. | have never been on my own.
F3 (Mitarbeitende): Also du stehst nicht alleine da. Also ich bin noch
nie alleine dagestanden.

F8 (employee): If there is an error [...] you are not on your own.
There is always someone there if you do not know what to do.

F8 (Mitarbeitende): Wenn man einen Fehler hat [...] bist du nicht auf
dich alleine gestellt. Sondern da ist immer jemand da, wenn du nicht
weiter weift.

Training setup

References from participants about the training setup. (code)

M11 (employee): Yes, we actually visited the company where the
cobots are produced, had the cobots explained to us, and received
basic training there.
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M11 (Mitarbeitende): Ja, wir waren bei der, Firma wo die Cobots pro-
duziert werden persénlich dort vor Ort und haben uns quasi die
Cobots erkldiren lassen und hatten dort einen Grundkurs.

M25 (employee): | remember very clearly when the cobot arrived. |
think we simply had a group training session about how it works in
general.

M25 (Mitarbeitende): Ich weifs noch ganz genau, als der Cobot am
Anfang gekommen ist, hatten wir, glaube ich, einfach so eine Grup-
penschulung, wie er grob funktioniert.

F14 (manager): | do not think it was a bad idea to take everyone by
the hand and say, let us just give it a try.

F14 (Fihrungskraft): Also ich glaube, dass das nicht verkehrt war,
dass man alle mal an die Hand genommen hat, gesagt hat, wir pro-
bieren das jetzt mal aus.

F12 (employee): Right now, honestly, | am still really unsure. | would
actually need a proper introduction and some training.

F12 (Mitarbeitende): Jetzt im Moment ganz ehrlich, noch sehr unsi-
cher. Also da brduchte ich wirklich eine richtige Einweisung, eine
Schulung.

F13 (employees): | think it would be good to do it step by step [...]
with training sessions or something like that, [...] or if | have a pro-
duction technician next to me, so that | could just ask questions.
F13 (Mitarbeitende): Ich denke, wenn man das Schritt flir Schritt ma-
chen wiirde. Mit [...] Schulungen oder eher so, [...] oder ich einen Ma-
schinisten [...] neben mir habe, wo man einfach doch noch mal anders
Fragen stellen kann.

New demands
on employees

References from participants about new demands on employees.
(main code)

F12 (employee): Well, | can imagine that some people would defi-
nitely have the confidence to do it and could do it, certainly, even if
not everyone could do it. But for some (employees), in any case,
especially production technicians or those who have a certain tech-
nical understanding.

F12 (Mitarbeitende): Also ich kann mir schon vorstellen, bei einigen,
die sich das auf jeden Fall zutrauen wiirden und es auch kénnten, mit
Sicherheit, wenn auch nicht bei jedem. Aber bei einigen (Mitarbeiten-
den) auf jeden Fall, gerade Maschinisten oder die, die wirklich auch
ein gewisses technisches Verstdndnis haben.

M17 (employee): Of course, robotics has been added, which we
hardly had before. And especially with this teaching and program-
ming, that is something completely different compared with the
other machines.

M17 (Mitarbeitende): Es ist natiirlich die Robotik dazugekommen,
was wir vorher halt recht wenig hatten. Und gerade mit diesem
Teaching und Programmieren, das ist etwas komplett anderes als bei
den anderen Anlagen.

F26 (manager): That is why | was not sure whether they (the em-
ployees) would really be able to operate a robot. | was a bit scepti-
cal at first, but | was proven wrong.
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F26 (Fiihrungskraft): Deswegen war ich mir da nicht sicher, schaffen
die (Mitarbeitenden) das wirklich, einen Roboter zu bedienen? Da war
ich einfach am Anfang ein bisschen skeptisch, aber ich habe mich ei-
nes Besseren belehren lassen.

Emotional factors

The theme captures the range of emotional responses, perceptions,
and attitudes individuals hold towards cobots. It includes both pos-
itive and negative emotions, such as viewing cobots as opportuni-
ties or threats, along with trust in the technology and aspects re-
lated to the humanisation and objectification of cobots. (theme)

Cobots
perceived as
opportunity

References from participants about cobots being perceived as an op-
portunity. (main code)

Curiosity
about cobots

References from participants on their curiosity about cobots. (code)

F4 (employee): Because it is actually quite fascinating how the
cobot works.

F4 (Mitarbeitende): Weil es irgendwie schon faszinierend ist, wie der
Cobot arbeitet.

M11 (employee): Just this future-oriented work—that we finally
have a robot that automates something you can see in real life, and
that also works collaboratively.

M11 (Mitarbeitende): Einfach diese, diese zukunftsorientierte Arbeit,
dass wir endlich einen Roboter haben, der was automatisiert, den
man live angucken [anschauen] kann und dann auch noch kollaborie-
rend.

M17 (employee): When it collaborates, it is really impressive. | was
actually [...] pleasantly surprised.

M17 (Mitarbeitende): Wenn er kollaboriert, dann ist es schon beein-
druckend. Da wurde ich eher [...] positiv iiberrascht.

Positive
expectations

References from participants regarding positive expectations of
cobots. (code)

M19 (manager): On the one hand, there is definitely the hope that
it will take over some of the work that is just monotonous.

M19 (Fiihrungskraft): Auf der einen Seite bestimmt die Hoffnung,
dass er, dass er was abnimmt, was einfach nur einténig ist.

M21 (manager): Even if there is a bit of worry in the back of some
employees' minds, | see it more as an opportunity than something
to be afraid of.

M21 (Fiihrungskraft): Selbst wenn im Hinterkopf beim ein oder ande-
ren Mitarbeiter da was mitschwingt, sehe ich es eher als Chance statt
als Angst.

M10 (employee): So now my hopes are actually quite high, because
| think maybe we can do many, many things with this device (cobot)
that, keep us from working.

M10 (Mitarbeitende): Also und jetzt ist halt meine Hoffnung schon
grofs, weil ich mir denke, vielleicht kbnnen wir mit dem, mit dem Ding
(Cobot) halt viele, viele Sachen machen, was ja, was halt uns abhdlt.

Reduction of
fear

References from participants about a reduction or absence of fear of
cobots. (code)
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F8 (employee): Well, it is good that you just lose your fear and that
you can simply get into working with it.

F8 (Mitarbeitende): Also, das ist halt gut, dass man einfach die Angst
verliert und dass man sich da einfach einarbeiten hat kénnen.

F4 (employee): But it does not take long before you realise that it
does not run without people. So | did not have any fears.

F4 (Mitarbeitende): Aber es dauert ja nicht lange, bis du kapierst, dass
der ja nicht ohne Menschen lduft. Von dem her habe ich keine Angste
gehabt.

M17 (employee): | do not think they are going to take our jobs
away.

M17 (Mitarbeitende): Ich glaube jetzt nicht, dass die uns die Arbeit
wegnehmen.

Satisfaction

References from participants on the satisfaction of using cobots.
(code)

F7 (employee): But in total, | have to say, Adam and Eve are actually
doing a good job.

F7 (Mitarbeitende): Aber im Grofsen und Ganzen, muss ich sagen, ma-
chen Adam und Eva das eigentlich gut.

M10 (employee): If you look at it now, what it can actually do and
has done a few times, | would say it is working well.

M10 (Mitarbeitende): Wenn man ihn halt jetzt so anschaut, was er so
alles eigentlich drauf hat und auch ein paar Mal gemacht hat, wiirde
ich schon sagen, es ist ein gutes Ding.

F12 (employee): Otherwise, | feel that once it is up and running,
everyone will be quite satisfied and things will just work out.

F12 (Mitarbeitende): Ansonsten ich habe das Gefiihl, wenn es dann
mal lduft, dann sind auch alle ganz zufrieden und dann klappt es halt
auch.

M17 (employee): Well, | think it works pretty well.
M17 (Mitarbeitende): Also ich finde, das funktioniert ziemlich gut.

Cobots perceived
as threat

References from participants about cobots being perceived as a
threat. (main code)

Fears around

References from participants on different types of fears associated

cobots with cobots. (code)
Damage References from participants regarding concerns of damaging the
concerns cobots. (sub-code)

F3 (employee): The worry is that you just touch it and then some-
thing breaks, because you have no experience with a machine like
that.

F3 (Mitarbeitende): Die Angst ist halt, dass du, du langst hin und dann
ist da was kaputt, weil du so einen Automaten nicht kennst.

F8 (employee): | do not dare to use it because I think, it is all pro-
grammed, and if | do something wrong, then everything will be
gone.

F8 (Mitarbeitende): Da traue ich mich nicht hin, weil ich mir denke, na
ja ok, das ist alles programmiert, mach ich da irgendwas falsch und
dann ist alles weg.
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F13 (employee): | quickly feel insecure because | am often afraid
that something might break. Or | just think it costs an insane
amount of money, and you do not want to be the one who breaks
its arm or something.

F13 (Mitarbeitende): Und ich bin dann schon schnell unsicher, weil ich
oft Angst habe, dass was kaputtgehen kénnte. Oder ich denke mal,
die kosten einfach wahnsinnig viel Geld und man will nicht derjenige
sein, der den Arm abreifst oder so.

Doubts
about
value

References from participants regarding doubts about the added
value of a cobot. (sub-code)

M1 (employee): | was afraid that the whole thing | had come up
with would not work.

M1 (Mitarbeitende): Natiirlich hatte ich Angst, dass das Ganze nicht
funktioniert, was ich mir da ausgedacht habe.

F4 (employee): Because then the whole thing really slows me down
in production. You lose a lot of time that way.

F4 (Mitarbeitende): Weil dann, dann bremst mich die ganze Ge-
schichte enorm aus (in der Produktion). Da geht viel Zeit dran verlo-
ren.

M15 (manager): They often showed errors. Therefore, the added
value was not there at first or could not be seen immediately.

M15 (Fiihrungskraft): Die haben éfters Stérungen gezeigt, wo dann
der Mehrwert natiirlich erst mal nicht da war, nicht sofort gesehen
wurde.

General
anxiety

References from participants on a general fear of cobot technology.
(sub-code)

M5 (employee): In the beginning, not being computer literate and
having to start the programme and then make it work made me feel
a bit insecure and reluctant.

M5 (Mitarbeitende): In der ersten Zeit, da ich kein Computer Mensch
bin, in das Programm reinzugehen, um den dann zum Laufen zu brin-
gen, das hat mich ein bisschen verunsichert und ein bisschen abgesto-

Sen.

M9 (employee): Maybe it is because some people are actually afraid
of technology, of working with it or having to work with it.

M9 (Mitarbeitende): Vielleicht liegt es daran, dass Manche tatsdch-
lich Angst vor der Technik haben, damit zu arbeiten oder arbeiten zu
miissen.

F13 (employee): Well, | would definitely choose to do it (produc-
tion) by myself, but just because | have a lot of respect for these
machines, these robots.

F13 (Mitarbeitende): Also ich wiirde mich bestimmt fiir das, das ich es
(Produktion) selber mache entscheiden, aber einfach nur, weil ich ein-
fach wahnsinnigen Respekt vor diesen Maschinen, Robotern habe.

Job loss
fears

References from participants about the fear of losing their jobs due
to the implementation of cobots. (sub-code)

F3 (employee): So you started thinking that we have less and less
work. So now is it taking over everything?
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F3 (Mitarbeitende): Da hast du dir schon gedacht, unsere Arbeit wird
immer irgendwie weniger. Also libernimmt der jetzt alles?

F12 (Mitarbeitende): Hopefully, it will not replace us.
F12 (employee): Hoffentlich ersetzt er uns nicht.

F13 (employee): On the one hand, of course, you worry about it be-
cause you are obviously afraid that you might be replaced by all
these robots and cobots at some point.

F13 (Mitarbeitende): Also auf der einen Seite, klar macht man sich
Gedanken dartiber, weil man natiirlich Angst hat, dass man vielleicht
irgendwann durch diese ganzen Roboter, Cobots ersetzt wird.

Frustration

References from participants about frustration when using cobots.
(code)

F3 (employee): If it does not work, then it is really frustrating be-
cause, in that case, you lose time.

F3 (Mitarbeitende): Wenn er halt nicht funktioniert, dann ist es halt
ekelhaft [sehr frustrierend], weil dann verliert man Zeit.

M2 (employee): The cobot is not a machine colleague, as | was
promised, but a hindrance.

M2 (Mitarbeitende): Der Cobot ist kein maschineller Kollege, wie man
es mir versprochen hat, sondern ein Storfaktor.

M21 (manager): Of course, everyone's tolerance for frustration var-
ies.

M21 (Fiihrungskraft): Und natirlich ist die Frustrationstoleranz auch
unterschiedlich ausgepragt bei jedem Einzelnen.

M2: Let me put it this way: | am standing there [...] bashing the
cobots with a steel pipe until there is nothing left of them. Even
back then, | knew how it would turn out, that it would all go wrong—
and | have been proven right.

M2: Das muss ich bildlicher formulieren: Ich stehe da [...] dresche
[schlage] mit einem Stahlrohr auf die Cobots ein, bis nichts mehr (ib-
rig bleibt. Ich habe schon damals gewusst, auf was es rauslauft und
dass es schief lauft und alles ist bestatigt worden.

Scepticism

References from participants regarding scepticism towards cobots.
(code)

M2 (employee): | feel like | have to watch it (cobot) all the time,
otherwise it does nothing or does not do it properly.

M2 (Mitarbeitende): Ich habe das Gefiihl, ich muss ihn permanent
liberwachen, sonst macht er nichts oder macht es nicht richtig.

F4 (employee): Effective, productive, and useful if it is running. Em-
phasis on the if.

F4 (Mitarbeitende): Effektiv, produktiv und sinnvoll, wenn er léuft. Im-
mer dieses wenn.

F8 (employee): Sometimes, it (cobot) simply does not work
properly. It is just a machine. It is also not infallible.

F8 (Mitarbeitende): Keine Ahnung, also manchmal spinnt er (Cobot)
halt [funktioniert er nicht richtig]. Maschine halt. Ist auch nicht un-
fehlbar.
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Emotional
response to
cobots

References from participants on emotional responses to cobots in
terms of humanisation and objectification. (main code)

Humanisation

References from participants on the humanisation of cobots. (code)

F7 (employee): Then [...] | said, they are just two lovers. Either
Adam does not want to or Eve does not want to.

F7 (Mitarbeitende): Dann [...] habe ich gesagt, das sind halt zwei Ver-
liebte, entweder der Adam mag nicht oder die Eva mag nicht.

F4 (employee): Well, | have already stroked it and things like that.
F4 (Mitarbeitende): Also, ich habe ja den auch schon gestreichelt und
so.

M10 (employee): Personally, I just love machines.
M10 (Mitarbeitende): Ich persénlich, ich liebe halt Maschinen.

M23 (employee): It is a typical machine, but over time it becomes
your friend somehow. That was the case for me; you develop a
bond with it.
M23 (Mitarbeitende): Es ist ja eine typische Maschine, aber mit der
Zeit ist es dein Freund irgendwie. So war es bei mir, dann hat man
eine Bindung.

Objectification

References from participants on the objectification of cobots. (code)

M25 (employee): It is more of a tool or a machine that you operate.
M25 (Mitarbeitende): Das ist dann schon eher ein Werkzeug oder eine
Maschine, die du halt bedienst.

M16 (manager): The cobot is simply too much of an object for it to
cause a major conflict within the team.

M16 (Fiihrungskraft): Dafiir ist der Cobot einfach zu sehr Sache, als
dass er jetzt grofs einen Konflikt innerhalb der Mannschaft auslésen
wiirde.

F8 (employee): Well, | think it is a machine, and the other one is a
person, and you cannot have a relationship with it. At least, | cannot
build a relationship with a machine. No, that is not possible.

F8 (Mitarbeitende): Also da finde ich, es ist eine Maschine und das
andere ist ein Mensch und da kann man keine Beziehung haben, also
ich jedenfalls kann keine Beziehung zu einer Maschine aufbauen.
Nein, das geht nicht.

Trust in cobots

References from participants on the level of trust in cobots. (main
code)

M1 (employee): The cobot works. It had to convince us first.
M1 (Mitarbeitende): Der Cobot funktioniert. Er hat auch erst liberzeu-
gen mlussen.

M5 (employee): It was important to me that it runs and does not
constantly stop because of minor issues.

M5 (Mitarbeitende): Mir war es wichtig, dass er lduft und nicht per-
manent stehen bleibt wegen Kleinigkeiten.

M10 (employee): Yes, because for me, the cobot is more of a burden
than a help. That is why | say personally. Yes. The cobot has to run
reliably.
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M10 (Mitarbeitende): Ja, dann ist fiir mich der Cobot eher ein Klotz
am Bein als eine Unterstiitzung. Deswegen sage ich persénlich. Ja.
Der Cobot muss solide laufen.

Cobot
characteristics

The theme encompasses the various features and characteristics of
cobots as well as the intentions behind their implementation. This
includes technical, operational, ergonomic, and economic aspects.
(theme)

Purpose of cobot
deployment

References from participants regarding their intentions and purposes
when implementing cobots. (main code)

Collaborative
use

References from participants regarding joint human-cobot work as
an objective of the implementation. (code)

F26 (manager): The employees can do something else at the same
time and thus be more productive in that respect. You might say,
well, they could be assembling other components that the machine
cannot process. Or perhaps they are already filling out production
paperwork.

F26 (Fiihrungskraft): Dann kénnen ja die Mitarbeiter nebenzu [neben-
bei] etwas anders machen und sind dann in der Hinsicht wieder pro-
duktiv. Wo man sagt, na ja, sie machen dann vielleicht schon mal an-
dere Komponenten, die man nicht (iber die Maschine machen kann.
Oder sie fiillen vielleicht schon Papiere aus.

M24 (manager): That is a huge advantage because a production
worker can then, of course, take care of things like highly complex
kits, for example.

M24 (Fiihrungskraft): Ein enormer Vorteil, weil ein Produktionsmitar-
beiter kann sich natiirlich dann um Sachen kiimmern, wie hochkom-
plexe Kits zum Beispiel.

M21 (manager): The employee can do other tasks while the robot
is working.

M21 (Fiihrungskraft): Der Mitarbeiter kann in der Zeit, in der der Ro-
boter arbeitet, andere Tétigkeiten machen.

Economic
efficiency

References from participants regarding economic efficiency as a goal
of the implementation. (code)

M16 (manager): Of course, this also means that you can either re-
duce staff or assign them to more meaningful activities. Let us put
it this way: not reduce staff.

M16 (Fiihrungskraft): Und dadurch kann man sich natiirlich auch
Leute einsparen bzw. Leute fiir sinnvollere Tétigkeiten einsetzen, sa-
gen wir es so rum, nicht einsparen.

M20 (manager): But of course, our annual cost reduction targets,
which we had to and still have to achieve, were essentially the orig-
inal trigger for automation.

M20 (Fiihrungskraft): Aber natiirlich unsere Kostenreduktion, die
jéhrliche, die wir reinholen mussten und miissen, das war im Prinzip
unser urspriinglicher Trigger flir die Automatisierung.

M21 (manager): Automation is always welcome, provided it is clear
or demonstrable that it has generated added value.
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M21 (Fiihrungskraft): Automatisierung wird immer gern gesehen, vo-
rausgesetzt, es ist auch offensichtlich oder nachweisbar, dass da
Mehrwert generiert wurde.

Work quality

References from participants regarding the improvement of employ-
ees' quality of work through the use of cobots as an objective of the
implementation. (code)

M16 (manager): It is an appropriate tool for easily performing mo-
notonous tasks.

M16 (Fiihrungskraft): Es ist ein addquates Mittel, um einténige Arbeit
leicht zu erledigen.

M20 (manager): And these are assembly tasks, always repetitive.
These are actually great patterns that you could teach directly to
the cobot.

M20 (Fiihrungskraft): Und das sind Konfektionierungstdétigkeiten, im-
mer repetitive Themen. Das sind eigentlich tolle Muster, die du genau
dem Cobot beibringen konntest.

M24 (manager): Yes, because the insertion processes are highly mo-
notonous, and you can now assign them to the cobots.

M24 (Fiihrungskraft): Ja, denn die Steckprozesse sind halt sehr mono-
ton, die man jetzt den Cobots (ibertragen kann.

Technology
attributes

References from participants regarding the technological attributes
of cobots. (main code)

Appearance

References from participants regarding the cobot's appearance and
its movement patterns. (code)

M2 (employee): The cobot imitates human movement, and that
cannot work.

M2 (Mitarbeitende): Der Cobot imitiert die menschliche Bewegung
und das kann nicht funktionieren.

M11 (employee): Let me put it this way: they are not industrial ro-
bots, and that makes them a bit more susceptible to [...] joint pain
since they are not as professionally designed as an industrial robot.
M11 (Mitarbeitende): Ich sage mal so, es sind halt keine Industriero-
boter und dadurch sind sie nattlirlich auch ein bisschen anfilliger fiir,
ich sag jetzt mal Gelenkschmerzen, weil die natiirlich nicht so hoch-
professionell verarbeitet wurden, wie jetzt bei einem Industrierobo-
ter.

M17 (employee): Well, you cannot really equate the two, but |
would say it is much more human-like than any other production
line.

M17 (Mitarbeitende): Also man kann das ja jetzt nicht gleichsetzen,
aber er ist deutlich menschendhnlicher, sage ich mal, als eine andere
Anlage.

Collaboration
needs

References from participants on collaboration needs with the cobot.
(code)

M9 (employee): Well, the cobot can only do the simplest tasks, and
you always need a human as well. And a human to operate it.

M9 (Mitarbeitende): Nun, der Cobot kann nur einfachstes stecken und
man braucht immer einen Menschen dazu. Und einen Menschen, der
wo ihn bedient.
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M11 (employee): It always needs a human to tell it what to do. And
no matter how often | want something from it, | have to tell it to
start the programme.

M11 (Mitarbeitende): Er braucht immer einen Menschen, der ihm
sagt, wo es langgeht. Und egal, wie oft ich etwas von ihm will, ich
muss ihm sagen das Programm zu starten.

M21 (manager): And so there will always be a need for supervision
and certain areas of focus, which may shift but remain within the
same general field.

M21 (Fiihrungskraft): Und somit wird es immer eine Betreuung geben
und immer gewisse Tdtigkeitsschwerpunkte, zwar verlagert aber im
selben Aufgabenfeld.

Production
speed

References from participants on the cobot's production speed.
(code)

M5 (employee): During coffee breaks or lunch, for example, it keeps
working. That way, | do not experience any downtime during pack-
aging.

M5 (Mitarbeitende): Wdhrend der Brotzeit zum Beispiel oder wéh-
rend den Pausen steckt er immer noch weiter. Und dann habe ich kei-
nen Stillstand in dem Sinne beim Verpacken.

M10 (employee): And above all, it just keeps going and works con-
tinuously.

M10 (Mitarbeitende): Und vor allem, er macht es halt konstant, der
macht es dann dauerhaft.

M25 (employee): It does not have the same speed that we have as
human workers. It is somewhat slower, but as support, it is a great
thing.

M25 (Mitarbeitende): Er hat auch nicht die gleiche Geschwindigkeit,
die wir jetzt haben, also die wir als menschliche Arbeitskraft haben,
sondern er ist da schon ein bisschen langsamer, aber so als Unterstlit-
zung ist es eine super Sache.

Noise level

References from participants on the noise level of the cobots. (code)
M5 (employee): The noise level, sometimes it is annoying. Not the
air, because everything is powered by air, but the distributor at the
front. That iron sound. Click, click, click. And that is damn loud.

M5 (Mitarbeitende): Der Gerduschpegel, ab und zu nervt er. Nicht die
Luft, weil es wird alles mit Luft betrieben, sondern der Verteiler vorne.
Das Eisengerdusch. Klack, klack, klack. Und das ist verdammt laut.

F22 (employee): And then there are days when it is annoying be-
cause of the noise—as we actually noticed today—the noise is dif-
ferent when it is malfunctioning.

F22 (Mitarbeitende): Und dann gibt es aber auch Tage und das nervt
auch, weil das Gerdusch, das haben wir heute tatsdchlich festgestellt,
das Gerdusch ein anderes ist, wenn er eine Stérung hat.

F7 (employee): | do not need to stand next to it (cobot) because of
the noise. The noise level is just too much for me.

F7 (Mitarbeitende): Dazustehen brauche ich nicht, weil das Gerdusch,
der Gerduschpegel mir zu grofs ist.
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Contextual factors

The theme refers to the various external and internal conditions
and influences that affect the implementation and use of cobots in
an organisational setting. This includes financial, managerial, and
operational aspects related to cobots and previous experience with
automation. (theme)

Management
support

References from participants related to management support in the
implementation/use of cobots. (main code)

M15 (manager): Of course, | know from senior management that
they want to promote new technologies so that things can also be
automated, because labour costs are naturally a major issue.
M15 (Fiihrungskraft): Von der Bereichsleitung weif ich nattirlich, dass
die so neue Technologien anschieben will, dass man sowas auch au-
tomatisiert. Weil Lohnkosten nattiirlich ein grofses Thema sind.

M15 (manager): We always present the technology, and | have con-
sistently received positive feedback. | also feel this provides support
to push this forward.

M15 (Fiihrungskraft): Wir zeigen ja immer die Technologie und ich
habe da eigentlich durchweg positives Feedback gekriegt [bekom-
men]. Ich empfinde es auch als Riickendeckung, das voranzutreiben.

M19 (manager): Our former senior manager was really enthusiastic
about automation, and we used this enthusiasm to come up with a
few ideas.

M19 (Fiihrungskraft): Also unser, unser damaliger Bereichsleiter war
ganz begeistert von Automatisierung und wir haben dann auch diese
Begeisterung genutzt und sind mit ein paar Ideen dann angetreten.

M9 (employees): | think (the increase in interaction with the cobots)
depends on the objectives of the performance reviews.

M9 (Mitarbeitende): Ich glaube (die Steigerung der Interaktion mit
den Cobots), liegt an den Zielen der Performance Gesprdiche.

Organisational
conditions

References from participants on the existing organisational condi-
tions. (main code)

F4 (employee): Well, we have also had phases where we simply did
not have enough people in labelling.

F4 (Mitarbeitende): Also, wir haben ja auch Phasen gehabt, wo wir
einfach zu wenig Leute in der Etikettierung hatten.

M21 (manager): Automation only makes sense if the forecast fig-
ures for a particular product are reliable.

M21 (Fiihrungskraft): Die Automatisierung macht ja dann erst Sinn,
wenn Forecast Zahlen verlésslich sind zu einem gewissen Produkt.

F6 (employee): | would say, until | have set everything up—includ-
ing fetching the goods, starting the programmes, booting up the PC,
starting the programmes—it takes about fifteen to twenty minutes.
Depending on how many goods there are, it can take up to half an
hour.

F6 (Mitarbeitende): Ich wiirde sagen, bis ich alles eingerichtet habe.
Also auch mit Ware holen, die Programme starten, also PC hochfah-
ren, Programme starten: Viertelstunde, 20 Minuten, je nachdem wie
viel, wie viel Ware es ist, eine halbe Stunde ungefdhr.
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M1 (employee): On the one hand, the quantity plays a very im-
portant role. | think that for 50 pieces, | do not need any automa-
tion, and | would probably be faster if | just did it quickly by hand.
M1 (Mitarbeitende): Einmal spielt die Stiickzahl eine ganz grofse
Rolle. Ich meine, fiir 50 Stiick brauche ich keine Automatisierung, da
bin ich wahrscheinlich schneller, wenn ich es einfach geschwind
[schnell] von Hand mache.

Time investment

References from participants on the amount of time spent imple-
menting cobots. (main code)

M2 (employee): In addition, people are taken out of the machine
room, and then we are missing them in production. It takes far too
much time for it to work.

M2 (Mitarbeitende): AufSerdem werden Personen aus dem Maschi-
nenraum abgezogen, die uns bei der Produktion fehlen. Es braucht
viel zu viel Zeit, dass es funktioniert.

M18 (manager): Yes, at times the resentment was quite considera-
ble when someone had to spend a lot of time with the cobot or
worked with it without achieving much.

M18 (Fiihrungskraft): Ja, der Unmut war ab und zu recht grof3, wenn
sich einer viel mit dem Cobot beschdiftigen musste oder beschdftigt
hat, ohne grofSe Ergebnisse zu erzielen.

M21 (manager): The time required for programming is initially an
investment. During this period, the employee cannot perform any
other production tasks but is 100% focused on the cobot, thinking
about programming and so on. However, you have to calculate this
over the medium and long term; it will definitely pay off in the end.
M21 (Fiihrungskraft): Nattiirlich ist die Zeit, die man zum Programmie-
ren bendtigt, erstmal ein Investment. Der Mitarbeiter kann in der Zeit
keine andere Produktion durchfiihren, sondern héngt zu 100 % mit
dem Kopf am Gerdt, macht sich Gedanken liber Programmierung
usw. Aber man muss das lang- /mittelfristig, langfristig berechnen
und da wird sicherlich ein Plus am Ende dabei rauskommen.

M23 (employee): Yes, it really is a major step forward [...] when
someone is involved in a project like this who can fully concentrate
on the matter at hand and also has the time to think and reflect.
M23 (Mitarbeitende): Ja, ist schon ein grofSer Fortschritt [...] wenn
jemand in so einem Projekt ist, der sich nur auf die Sache konzentrie-
ren kann und auch lberlegen kann und die Zeit hat.

Financial
investment

References from participants regarding the level of financial invest-
ment in cobots. (main code)

M27 (manager): As | said before, the acquisition costs are low.
M27 (Fiihrungskraft): Also wie gesagt, du hast geringe Anschaffungs-
kosten.

M15 (manager): Well, of course, we do not have an unlimited
budget that would allow us, for example, to buy additional feeding
stations so that we could insert two components at the same time.
M15 (Fiihrungskraft): Also, wir haben nattirlich kein unermessliches
Budget, dass wir zum Beispiel weitere Zufiihrstationen kaufen kénn-
ten, dass wir jetzt zum Beispiel zwei Komponenten gleichzeitig ste-
cken.
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F4 (employee): They were inexpensive in comparison and do their
job. Well, they will return the money; whereas the other (existing
industrial robot) does not, but | do not know why.

F4 (Mitarbeitende): Die waren im Vergleich giinstig und machen ihren
Job. Also, die holen das Geld auch wieder rein, der andere (vorhande-
ner Industrieroboter) nicht, aber an was es liegt.

Workload and
employee
utilisation

References from participants on workload and employee utilisation.
(main code)

F4 (employee): Nowadays, in the current situation, you are often
just glad if you have enough work to do yourself.

F4 (Mitarbeitende): Heute, in der jetzigen Situation, bist du oft froh,
wenn du selber zu tun hast.

F13 (employee): Well, I think, of course, when things get really busy,
so to speak, and we have a lot to do, then we are glad that the thing
is running and can handle a large order.

F13 (Mitarbeitende): Also ich denke, klar, wenn die Hiitte brennt, sag
ich mal, und wir ordentlich zu tun haben und so, dann sind wir natiir-
lich froh, dass das Ding lduft und einen grofsen Auftrag schon mal
schafft.

M19 (manager): Because not enough people want to do such work.
That is what makes it different from the past. In packaging in the
80s, you could find many more people for such work, and there are
fewer and fewer of them.

M19 (Fiihrungskraft): Weil die Leute werden ja auch nicht mehr, die
solche Tdtigkeiten machen wollen. Das unterscheidet uns ja auch von
friiher. Als Verpackungsbetriebe, was weifs ich, in den 80er Jahren, da
gab es viel mehr Menschen, die du da gefunden hast fiir so eine Arbeit
und die werden auch weniger.

Operational
restrictions

References from participants regarding operational restrictions re-
lated to cobots. (main code)

M15 (manager): There are limitations regarding the products them-
selves, for example, when it comes to temperature exposure. The
cobots are located in normal rooms, but our products are tempera-
ture-sensitive, or at least mostly temperature-sensitive.

M15 (Fiihrungskraft): Wir haben natiirlich Restriktionen bei den, bei
den Produkten an sich, also was zum Beispiel Temperaturbelastungen
angeht. Die Cobots stehen ja im normalen Raum, unsere Produkte
sind temperaturempfindlich, das heifst oder zum GrofSteil temperatur-
empfindlich.

M18 (manager): That was just not designed for it at all. You can al-
ready see that the modules are not standing properly, etc. They
were just intended for manual use.

M18 (Fiihrungskraft): Das ist ja halt gar nicht dafiir konzipiert gewe-
sen, dass merkt man jetzt schon, dass die Module nicht sauber stehen
usw. Die sind halt viel fiir das Héndische gedacht gewesen.

M9 (employee): It only became apparent later that it has to be 100%
stable and that it needs to be screwed on. It is not enough for the
cobot to just stand on a stable table.
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M9 (Mitarbeitende): Es ist auch erst spdter aufgekommen, dass es
100 % stabil stehen muss und dass der angeschraubt gehért, dass er
(Cobot) nicht einfach auf einem stabilen Tisch steht, reicht nicht.

Previous automa-
tion experience

References from participants on previous experience with automa-
tion projects. (main code)

Failed imple-
mentation

References from participants on failed aspects of the implementation
of automation projects. (code)

F8 (employee): It (the existing industrial robot) simply does not de-
liver what it is supposed to.

F8 (Mitarbeitende): Weil er (vorhandener Industrieroboter) einfach
das nicht bringt, was er machen soll.

F4 (employee): The other machine (existing industrial robot) was
just useless.

F4 (Mitarbeitende): Die andere Maschine (vorhandener Industriero-
boter) war halt Blédsinn.

F12 (employee): | think this is more of a negative example (existing
industrial robot). It definitely was not worth it at all. | believe it was
a bad investment.

F12 (Mitarbeitende): Das ist eher ein negatives Beispiel, finde ich jetzt
(vorhandener Industrieroboter). Das hat sich auf jeden Fall iiberhaupt
nicht gelohnt. Ich glaube, das war eine Fehlinvestition.

Successful im-
plementation

References from participants on successful aspects of the implemen-
tation of automation projects. (code)

F3 (employee): In retrospect, | have to say that all the machines we
received have actually made our work easier.

F3 (Mitarbeitende): Aber im Nachhinein muss ich sagen, alle Maschi-
nen, wo wir gekriegt [bekommen] haben, haben uns eigentlich das
Arbeiten erleichtert.

M20 (manager): The success with the cans line was so great that we
started putting out feelers more and more, going to trade fairs, and
connecting with other sites.

M_20 (Fiihrungskraft): Der Erfolg an der Dosenanlage war tatséichlich
so grofs, dass wir da immer mehr die Fiihler ausgestreckt haben, auf
Messen gefahren sind und uns mit anderen Sites connected haben.

F6 (employee): No, but it was the same with the other robots when
we got them. | always took a positive stance at first and thought,
okay, our work would be easier, and it would be more pleasant to
work.

F6 (Mitarbeitende): Nee [nein], aber das war auch mit den anderen
Robotern so, als wir die gekriegt [bekommen] haben. Ich habe das
immer erst mal positiv aufgenommen und gedacht, okay, unsere Ar-
beit erleichtert sich dadurch, es wird angenehmer zu arbeiten.

Workplace
dynamics

The theme encompasses the influence of workplace dynamics on
employees' perceptions and attitudes towards cobots. It considers
the role of leadership culture, peer influence, and the technology
implementation process, with a focus on the levels of involvement
and communication during implementation. (theme)
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Leadership
culture

References from participants on leadership in the context of cobots.
(main code)

M15 (manager): | think some of the employees can be convinced
very well with theoretical explanations, but others need to be con-
vinced in practice.

M15 (Fiihrungskraft): Ich glaube, den einen Teil der Mitarbeiter kann
man sehr gut theoretisch abholen mit dem Erkldren und andere miis-
sen wir wirklich in der Praxis liberzeugen.

M15 (manager): So, taking a participatory approach, turning those
affected into active participants and, in a way, turning the situation
around.

M15 (Fiihrungskraft): Also, so ein partizipatives Vorgehen, Betroffene
zu Beteiligten machen, den Spief3 so ein bisschen umzudrehen.

M20 (manager): And that is a classic management task: simply
bringing the whole team back together, getting everyone back on
track, and formulating a clear vision. We need to increase efficiency,
but we are also trying to relieve employees by reducing their work-
load and repetitive tasks.

M20 (Ftihrungskraft): Und das ist klassische Fiihrungsaufgabe. Ein-
fach, indem man das ganze Team wieder zusammenbringt, on track
bringt und eine klassische, ja Vision auch mitformuliert an der Stelle.
Dass wir Effizienzen heben miissen, dass wir aber auch versuchen,
Mitarbeiter zu entlasten und dadurch ja Arbeitslast, repetitive The-
men einfach runter nehmen.

F26 (manager): You are no longer the ones inserting the Sarstedt
vials; now you are the ones feeding the cobots—you are a bit like
the boss of the robot. | think this has made quite a difference in
people's minds when they were told: Okay, now | am the boss of
the robot, | feed it, and yes, | work with it.

F26 (Fiihrungskraft): Ihr seid jetzt nicht mehr diejenigen, die Sarstedts
stecken, sondern ihr seid diejenigen, die den fiittern, so ein bisschen
der Chef von dem Roboter. Ich glaube, das hat dann auch relativ viel
in den Képfen bewirkt, dass man gesagt hat: okay, dann bin ich jetzt
der Chef vom Roboter und fiittere den und ja, arbeite mit dem.

M20 (manager): And that was actually how we established a really
effective door opener. At the time, | had the employees sit right next
to the cobots.

M20 (Fiihrungskraft): Und da haben wir damals eigentlich dann einen
coolen Tiiréffner etabliert. Und zwar habe ich dann die Mitarbeiten-
den damals direkt neben den Cobots auch sich hinsetzen lassen.

Peer influence

References from participants on the impact of peer influence on their
views of cobots. (main code)

F12 (employee): At the beginning, you often heard that it did not
work [...], especially from people who had worked with it a lot, who
were familiar with the technology, and who had to learn it.

F12 (Mitarbeitende): Man hat dann oft am Anfang gehért, |[...] es
funktioniert nicht, grad von Leuten, die wirklich éfters damit gearbei-
tet haben, die mit der Technik vertraut waren, die das lernen mussten.
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M15 (manager): | hope that he (the employee) not only experiences
the benefits firsthand when things work well, but is also encour-
aged by seeing his colleagues use it successfully, motivating him to
move in that direction as well.

M15 (Fiihrungskraft): Und meine Hoffnung ist, dass er (Mitarbeiter)
es nicht nur in der Praxis dann selber sieht, wenn es lduft, sondern
auch schon indirekt liber die Kollegen, so ein bisschen in die Richtung
geschoben wird, wenn sie Erfolgserlebnisse haben.

M20 (manager): When employee A once again dutifully pats the ro-
bot, so to speak. After it had to be restocked because it had pro-
cessed everything so far, then, yes, at that moment, it simply had a
positive impact.

M20 (Fiihrungskraft): Wenn dann Mitarbeiter A den Roboter wieder
schén brav streichelt im Prinzip. Nachdem er, nachdem er erstmals
wieder bestiickt werden musste, weil er alles so weit verarbeitet hat,
dann, ja dann hat es einfach einen positiven Impact gehabt an der
Stelle.

Technology im-
plementation
process

References from participants regarding their involvement in the im-
plementation process. (main code)

High
involvement

References from participants on high involvement in the implemen-
tation process. (code)

M1 (employee): | was involved from the initial idea through to im-
plementation and wrote most of the programs for it together with
a few other colleagues

M1 (Mitarbeitende): Also von der Idee bis zur Umsetzung war ich so-
weit die ganze Zeit mit involviert und habe auch die meisten Pro-
gramme dafiir geschrieben zusammen mit ein paar anderen Kollegen.

M15 (manager): Well, | naturally involve those who are positive
about it in the implementation.

M15 (Fiihrungskraft): Also, dass in Anfiihrungszeichen Lager, das das
positiv sieht, die binde ich natiirlich gezielt in der Implementierung
ein.

M21 (manager): | think it was the right approach to allow the em-
ployees to engage with the concept and then to design the system
as a project.

M21 (Fiihrungskraft): Ich finde, das war der, es war der richtige Weg,
dass sich die Mitarbeiter mit dem Konzept beschdftigen durften und
in Form eines Projekts die Anlage dann konzipieren durften.

Low
involvement

References from participants on low involvement in the implementa-
tion process. (code)

F13 (employee): Well, as | said, we were not really involved in the
set-up of the whole thing.

F13 (Mitarbeitende): Also ich meine, wie gesagt, bei der Etablierung
waren wir ja jetzt eh nicht so involviert in das Ganze.

M16 (manager): For one thing, not everyone had to, was allowed
to, or was able to work on it. This naturally leads to the develop-
ment of insider knowledge.
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M16 (Fiihrungskraft): Zum einen haben nicht alle daran arbeiten miis-
sen, diirfen, kénnen. Was natiirlich dazu fiihrt, dass Insiderwissen
aufgebaut wird.

M5 (employee): In the beginning, | did not know what the thing was
for.

M5 (Mitarbeitende): In der ersten Zeit wusste ich ja nicht, wofiir das
Teil da ist.

Communica-
tion

References from participants on communication during the imple-
mentation process. (code)

F8 (employee): Yes, when it was introduced to us, we received a
presentation, and | thought to myself: "Wow".

F8 (Mitarbeitende): Ja, da also wo er uns vorgestellt worden ist, ha-
ben wir ja eine Prisentation gekriegt [bekommen] dann habe ich mir
gedacht ,,wow”.

F14 (manager): Well, he always praises it. [...] And | do think that
this has an effect. So when people see, "Hey, there is praise for this,
that is good", it does have a positive impact.

F14 (Fiihrungskraft): Also, er lobt es ja immer. [...] Und ich glaube
schon, dass das abfdrbt. Also, dass wenn die Leute auch sehen, hey
komm, das gibt ein Lob, dass das schon gut ist.

M18 (manager): We also showed some videos of what it can do now
and so on. | think that is never a bad thing. Especially when you have
something new, we should talk about it and show it to everyone.
M18 (Fiihrungskraft): Wir haben mal Videos auch gezeigt, was er jetzt
kann und so, das finde ich nie verkehrt. Gerade wenn man was Neues
hat, das wir es thematisieren und es allen mal zeigen.

Attitude towards
cobots

The theme encompasses individuals' overall perception of a tech-
nology in terms of its use and advancement, which is influenced by
the identified input factors. It includes how people see the role and
value of the technology on an individual and organisational level,
captures both positive and negative perceptions, and neutral or
mixed feelings about the technology. (theme)

Attitude towards
use

References from participants on individual attitudes and opinions
about the practical application and everyday use of cobots. (main
code)

Positive
attitude

References from participants on positive attitudes towards the use of
cobots. (code)

M10 (employee): We should work together, and | think [...] we will
have a lot of fun with the cobots.

M10 (Mitarbeitende): Man sollte halt zusammenarbeiten und ich
glaube [...] wir mit dem Cobots sehr viel Spafs haben.

M11 (employee): If you look at costs and benefits, | would always
say it is beneficial. Because if we discover even one small thing that
no person has to deal with anymore, but the robot can handle, then
we have already gained something.

M11 (Mitarbeitende): Wenn man sagt Kosten, Nutzen, wiirde ich im-
mer sagen, es niitzt. Weil wenn wir nur eine Kleinigkeit entdecken, wo
kein Mensch mehr sich damit beschdiftigen muss, sondern der Robo-
ter, hat man schon wieder was gewonnen.
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M17 (employee): So, | enjoy working with machines. But whether it
is a robot arm or another machine does not really matter to me.
M17 (Mitarbeitende): Daher, mir macht die Arbeit mit Maschinen
Spafs. Ob das jetzt aber ein Roboterarm ist oder eine Anlage, ist fiir
mich relativ egal.

Neutral References from participants about neutral attitudes towards the use
attitude of cobots. (code)
F12 (employee): | need to see it for myself or work with it myself in
order to really be able to judge it.
F12 (Mitarbeitende): Ich sage, ich muss auch selber mal das sehen o-
der selber mitarbeiten, dass ich es wirklich selber auch beurteilen
kann.
F22 (employee): Let us wait until the thing is here, and then we will
see. And then we have to wait and see how it develops.
F22 (Mitarbeitende): Jetzt wartet mal ab, bis das Ding da ist und dann
sieht man es. Und dann muss man auch erst mal abwarten, wie sich
das entwickelt.
F6 (employee): Well, the cobots themselves are not to blame for the
offset.
F6 (Mitarbeitende): Also die Cobots selber kénnen ja nix fiir den Off-
set.
Negative References from participants on negative attitudes towards the use
attitude of cobots. (code)

M2 (employee): Until everything is running smoothly, | am glad if |
do not have anything to do with the cobot.

M2 (Mitarbeitende): Bis alles richtig lduft, bin ich froh, wenn ich mit
dem Cobot nichts zu tun habe.

F7 (employee): | do help, but [...] | do not necessarily have to be
there myself.

F7 (Mitarbeitende): Ich helfe schon, aber [...] muss nicht unbedingt da
dort sein.

F13 (employee): Yes, in the end, | have to say it is a strange feeling
to work with the machines.

F13 (Mitarbeitende): Ja, im Endeffekt muss ich sagen, es ist ein komi-
sches Gefiihl, mit den Maschinen zu arbeiten, sage ich jetzt mal.

M15 (manager): And there are also employees, but in my view,
there are only a few who still say: | am even faster than the cobot.
| can do it more reliably and faster.

M15 (Fiihrungskraft): Und es gibt aber auch Mitarbeiter, aber das
sind wenige aus meiner Sicht, die immer noch sagen, ich bin noch
schneller wie der Cobot, ich kann das zuverldssiger, schneller.

Attitude towards

References from participants on individual attitudes and expecta-

advancement tions towards the development and adaptation of cobots in practical
applications. (main code)
Improvement  References from participants on ideas for improving cobots to per-
ideas form additional tasks in practice. (code)

F14 (manager): Yes, it would be cool if it (the cobot) could insert
two components, one after the other, for example.
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F14 (Fiihrungskraft): Ja, cool wdre es, wenn er (der Cobot) zwei Kom-
ponenten stecken kénnte, hintereinander zum Beispiel.

M18 (manager): Things like the piercer and similar ideas. At one
time, there were also ideas that you could simply pre-pierce the
modules and so on.

M18 (Fiihrungskraft): So was wie der Piercer und solche Spdfie. Das
waren ja auch mal Ideen, dass man einfach die Module vorstechen
kann und so.

M5 (employee): That it could possibly make slightly faster move-
ments.

M5 (Mitarbeitende): Dass er eventuell bisschen schnellere Bewegun-
gen macht.

Negative
attitude

References from participants regarding negative attitudes towards
the advancement of cobots in practical applications. (code)

M5 (employee): To create a programme. That is too complicated for
me. | do not need it either.

M5 (Mitarbeitende): Um ein Programm anzulegen. Das ist fiir mich zu
hoch. Brauche ich auch nicht.

M2 (employee): Theoretically, it is possible to learn how to program
the cobots. But everything in me resists even thinking about it.

M2 (Mitarbeitende): Theoretisch gibt es die Méglichkeit, die Pro-
grammierung der Cobots zu lernen. Aber in mir strdubt sich alles,
wenn ich nur daran denke.

M24 (manager): New products are usually somewhat more complex
in structure, and sometimes | do not see the potential for them to
be processed by the cobot.

M24 (Fiihrungskraft): Fiir gewdhnlich sind die neuen Produkte eher
etwas komplexer aufgebaut und da sehe ich manchmal kein Poten-
zial, dass das tiber den Cobot laufen kann.

Positive
attitude

References from participants regarding positive attitudes towards
the advancement of cobots in practical applications. (code)

F6 (employee): Well, | would not resist learning how to use the
cobot at this point.

F6 (Mitarbeitende): Also ich wiirde mich jetzt auch nicht wehren, den
Cobot zu lernen.

M1 (employee): It is easy to work with these cobots, to create a new
program and see if it works. It is always the same: if it works, then
it is fun.

M1 (Mitarbeitende): Es ist einfach, mit diesen Cobots zu arbeiten,
wieder ein neues Programm anzulegen und zu sehen, ob das funktio-
niert. Das ist immer so das, wenn es funktioniert, dann macht es Spas.

M19 (manager): And it was precisely the people with an affinity for
technology who wanted to use it straight away, and there were a
few who then familiarised themselves with the programming.

M19 (Fiihrungskraft): Und gerade die technikaffinen Leute wollten
den sofort bedienen und es haben sich auch einige gefunden, die den
dann, die sich da eingearbeitet haben in die Programmierung.
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Interaction with
cobots

The theme encompasses first-hand experiences of the practical ap-
plication and everyday use of cobots including the frequency of in-
teractions. This covers both positive and negative experiences, as
well as interactions related to the advancement and development
of production processes that employ cobots. (theme)

Experience of use

References from participants about individual experiences with the
practical application and use of cobots. (main code)

Negative
experiences

References from participants about negative experiences when using
cobots. (code)

F6 (employee): As | said, at the moment we have been set back sig-
nificantly by the offset.

F6 (Mitarbeitende): Wie gesagt, im Moment sind wir durch das Offset
so weit zuriickgeworfen worden.

M2 (employee): Three employees could not get the cobot to work.
The cobot inserted 8 or 9 vials, but | had to wait 2 hours before |
could insert another vial, which then took 5 minutes.

M2 (Mitarbeitende): Drei Mitarbeiter haben den Cobot nicht zum Lau-
fen gebracht. 8 oder 9 Flaschen hat der Cobot gesteckt, aber ich
musste 2 Stunden warten, bis ich eine Flasche stecken konnte, was
dann 5 Minuten gedauert hat.

M10 (employee): If it does not work or only works halfway, at half
power, then it takes away more work time than it is worth.

M10 (Mitarbeitende): Wenn er nicht funktioniert oder nur halb, auf
halb Gas funktioniert, dann bringt es mir nichts, weil er mich mehr
von der Arbeit abhdlt, als dass er halt gut ist.

Positive
experience

References from participants about positive experiences when using
cobots. (code)

M1 (employee): Well, the last few orders really went through
smoothly from start to finish. So, there are simply no points of crit-
icism: it works.

M1 (Mitarbeitende): Jetzt, die letzten Auftrdige liefen halt wirklich von
A bis Z einfach durch. Und damit Idsst er halt einfach keinen Kritik-
punkt zu, er funktioniert.

F22 (employee): | have experienced days when it worked very well,
when we changed one tray after another.

F22 (Mitarbeitende): Ich habe Tage erlebt, wo das super gut ging, wo
wir ein Tableau nach dem anderen ausgewechselt haben.

M25 (employee): Well, | would do anything related to counting with
the cobot straight away. Simply because | have experienced that it
works well.

M25 (Mitarbeitende): Also, alles was mit zéhlen zu tun hat, wiirde ich
sofort mit dem Cobot machen. Einfach weil ich halt die Erfahrung ge-
macht habe, dass es gut funktioniert.

M18 (manager): Yes, it has become more positive, thanks to suc-
cesses and results.

M18 (Fiihrungskraft): Doch, ist positiver geworden, durch Erfolge,
durch Ergebnisse.
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Experience with
advancement

References from participants on individual experiences about the de-
velopment and adaptation of cobots in practical applications. (main
code)

Negative
experience

References from participants regarding negative experiences with
advancing cobots in practical applications. (code)

M1 (employee): Sure, of course there were things that did not work
right from the start. With the grippers, for example, we went
through several rounds, tried different approaches, and had to print
new parts.

M1 (Mitarbeitende): Klar, es gab natiirlich Sachen, die nicht von An-
fang an funktioniert haben. Greifer, da haben wir mehrere Runden
gedreht, haben verschiedene Versuche gemacht, haben neue Teile
drucken miissen.

F4 (employee): Did anyone really feel responsible for it at the be-
ginning? | do not think anyone said at first: You have to take care of
it now.

F4 (Mitarbeitende): Hat sich am Anfang (berhaupt irgendjemand
richtig zustdndig fiir ihn gefiihlt? Glaube ich nicht, dass es am Anfang
irgendwie hief3: Du musst jetzt dahinter sein.

M20 (manager): Of course, you have to leave out a few days of the
interim phase, when the error rate was naturally higher.

M_20 (Fiihrungskraft): Nattirlich muss man da ein paar Tage Interims-
phase auflen vorlassen, wo die Fehleranfilligkeit natiirlich noch héu-
figer war.

Positive
experience

References from participants regarding positive experiences with ad-
vancing cobots in practical applications. (code)

M1 (employee): Then we also started to do the whole thing profes-
sionally. We bought a new vibratory bowl and a table, where we set
everything up properly.

M1 (Mitarbeitende): Dann haben wir auch angefangen, das Ganze in
dem Punkt dann professionell zu machen. Haben einen neuen Topf
gekauft, haben einen Tisch gekauft, wo wir das Ganze verniinftig auf-
gebaut haben.

M17 (employee): So yes, it is a continuous process that never stops,
| would say. We then simply rewrote a programme, for example,
used less speed, and then checked whether it was better or worse.
So yes, there are continuous improvements going on.

M17 (Mitarbeitende): Also ja, da ist und das ist auch ein fliefSender
Prozess, der nie aufhért, sag ich mal. Wir haben dann einfach mal ein
Programm umgeschrieben und weniger Beschleunigung zum Beispiel
gefahren und dann geschaut, ist es jetzt sauberer oder weniger sau-
ber? Also ja, es sind kontinuierlich Verbesserungen im Raum.

M25 (employee): But especially since the upgrade, when it became
capable of handling five at once, there has been a remarkable im-
provement.

M25 (Mitarbeitende): Aber dann, spéitestens seit dem Umbau, seit er
flinf gleichzeitig nehmen kann, ist es dann natiirlich eine enorme Stei-
gerung gewesen.

F14 (manager): But the more it was expanded, the more readily it
was accepted.
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F14 (Fiihrungskraft): Aber umso weiter man den eben ausgebaut hat,
umso eher ist er dann auch angenommen worden.

Interaction
frequency

References from participants on the frequency of interaction with
cobots. (main code)

F12 (employee): | just think that someone who has worked entirely
or extensively with the cobot naturally has a completely different
level of knowledge and a completely different attitude towards it.
F12 (Mitarbeitende): Ich finde halt, jemand, der sich ausschlieflich o-
der sehr viel mit dem Cobot beschdiftigt hat, hat natiirlich ein ganz
anderes Wissen, eine ganz andere Einstellung dazu.

M17 (employee): | would not have a problem if | did that more often
or mainly that.

M17 (Mitarbeitende): Ich hdtte da auch kein Problem, wenn ich das
Ofters machen wiirde oder hauptsdchlich das.

M23 (employee): Usually, you come up with even more ideas when
you deal with the subject matter.

M23 (Mitarbeitende): Dann fallen einem meistens noch mehr Sachen
ein, wenn man mit der Materie zu tun hat.

F14 (manager): It was the same with the cobot at the beginning; you
had this thing standing here and it was not used very often.

F14 (Fiihrungskraft): Und beim Cobot war es am Anfang schon auch
so, da hatte man dieses Ding hier stehen und es ist nicht oft genutzt
worden.

Impact on work-
place dynamics

The theme illustrates the diverse alterations and transitions
brought about by the implementation of cobot technology. This
theme emphasises how cobots reshape the workplace environ-
ment, impacting relationships, working practices, and the overall
organisational culture. (theme)

Alterations in
social interaction

References from participants on alterations in social interaction due
to the direct interaction with the cobot in work processes. (main
code)

M10 (employee): Well, if | were in a room with the cobot, it would
get boring at some point. So, | would prefer to sit with someone,
because then you can talk to each other.

M10 (Mitarbeitende): Also wenn ich jetzt in einem Raum mit dem
Cobot wdre, wdre es ja irgendwann schon langweilig. Also da wiirde
ich schon gerne mit jemandem zusammensitzen, weil du halt mit je-
mandem reden kannst.

F12 (employee): Because togetherness has always been important
to me. For me, it is part of my job and my work. No matter what |
do, social interaction is important to me.

F12 (Mitarbeitende): Weil das fiir mich schon immer wichtig war, die-
ses Miteinander. Das gehért fiir mich zu meiner Téitigkeit, zu meiner
Arbeit dazu. Egal, was ich mache, fiir mich ist der Kontakt schon wich-
tig.

F13 (employee): | do think it is getting a bit lonelier. Maybe you
work a bit more for yourself, alone.
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F13 (Mitarbeitende): Ich glaube schon, dass es ein bisschen einsamer
wird, also ein bisserl [bisschen]. Man arbeitet vielleicht ein bisschen
mebhr fiir sich selbst, alleine.

F22 (employee): Yes, of course, there is no feedback if something is
not working. Or you do not have that collegial interaction that is
completely gone.

F22 (Mitarbeitende): Ja, da kommt natiirlich kein Feedback, sage ich
mal, wenn irgendwas nicht funktioniert. Oder du hast nicht diesen
kollegialen Umgang, der fdllt ja komplett weg.

Changes in com-
munication and
cooperation

References from participants on changes in communication and co-
operation within the workgroup due to the introduction of cobots.
(main code)

M10 (employee): Well, you work a bit more closely with the pro-
duction workers because there needs to be an alighnment.

M10 (Mitarbeitende): Also man arbeitet halt schon ein bisschen enger
mit dem Bearbeiter zusammen, weil es ja irgendwo eine Absprache
braucht.

M17 (employee): Of course, there was more dynamic interaction
between the groups.

M17 (Mitarbeitende): Also da war dann natiirlich mehr Dynamik drin
zwischen den Gruppen.

M24 (manager): And yes, the cooperation among each other. | am
not sure whether it really had a major impact.

M24 (Fiihrungskraft): Und ja, die Zusammenarbeit untereinander. Ich
weifs nicht, ob er jetzt wirklich einen grof3en Einfluss hat.

F26 (manager): In terms of how it feels, | would say that there used
to be the group of production technicians and the group of produc-
tion workers, which were two small, distinct groups. | do not think
that has completely gone, but it has definitely softened.

F26 (Fiihrungskraft): Gefiihlsmdfig hdtte ich jetzt gesagt, man hat ja
quasi die Gruppe der Maschinisten und die Verpacker gehabt und das
waren zwej so Griippchen. Und das glaube ich hat sich dadurch nicht
komplett aufgelést, aber ja schon aufgeweicht.

Changes in
perception of
work

References from participants on changes in the perception of
work/the value of work due to the implementation of cobots. (main
code)

M1 (employee): But, as | said, | really enjoy working with them. It is
just incredibly satisfying for me, and yes, it is fun.

M1 (Mitarbeitende): Aber ich, wie gesagt, ich arbeite sehr gern mit
ihnen. Weil es einfach fiir mich unglaublich befriedigend ist. Und ja,
es macht Spafs.

M19 (manager): Because we did not say that you are doing a job
that a machine could just do without a second thought. Instead, we
argued that it is really a shame for someone like you to sit at a table
for eight hours just putting vials in. A machine can do that, too. You
can do something more valuable in this time.

M19 (Fiihrungskraft): Weil wir haben ja jetzt nicht gesagt, ihr macht
eine Arbeit, die mir nichts dir nichts von einer Maschine erledigt wer-
den kann. Sondern wir sind ja da mit dem Argument gekommen und
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haben gesagt, es ist einfach zu schade, dass jemand wie du acht Stun-
den an einem Tisch sitzt und Flascherl [FIéschchen] da reinsteckt. Das
kann auch eine Maschine. Du kannst in der Zeit was Wertvolleres ma-
chen.

M20 (manager): There were also other areas of application (for the
cobots), because the job was very repetitive and anything but re-
warding.

M_20 (Fiihrungskraft): Das waren auch andere, weitere Anwendungen
(fiir die Cobots), weil der Job war sehr repetitiv und alles andere wie
wertschdétzend.

Transformation in
organisational
processes

References from participants about the transformation of organisa-
tional processes due to the implementation of cobots. (main code)

F6 (employee): But | also see it as a process we have to get used
to—for example, that one or two people cannot go to the produc-
tion belt because there is now a cobot working (that needs to be
supervised). You simply have to establish a procedure so that eve-
ryone can deal with it. There are simple rules, and that is all.

F6 (Mitarbeitende): Aber ich sehe das auch so, dass das ein Prozess
ist, an den wir uns gewéhnen miissen, dass der eine oder andere halt
zum Beispiel nicht mit ans Band kann, weil da jetzt ein Cobot steckt
(der betreut werden muss). Da muss man ja nur eine Vorgehensweise
einfach etablieren, damit jeder damit zurechtkommt, damit es da ein-
fach Regeln dafiir gibt und fertig.

F15 (manager): And if | am not doing the work at my own work-
station, but at another general workstation at the cobot, | simply
have to change the processes.

F15 (Fiihrungskraft): Und wenn ich die Tdtigkeit nun nicht an meinem
Arbeitsplatz mache, sondern an einem anderen allgemeinen Arbeits-
platz am Cobot. Muss ich einfach Abldufe dndern.

M19 (manager): But simply the fact that you have something like
this and have integrated it into the work process—I think that is a
very important signal.

M19 (Fiihrungskraft): Sondern einfach, dass man, das man sowas hat,
dass man so was in den Prozess integriert hat. Das ist ein ganz wich-
tiges Signal, finde ich.

Acceptance of
cobots

This theme captures the acceptance of cobots based on individuals'
attitudes and experiences with the technology. It is grouped into
active and passive forms of acceptance and resistance, providing an
understanding of individual views and behaviour towards cobots.
(theme)

Active
acceptance

References from participants associated with active acceptance of
cobots. (main code)

F6 (employee): With the cobots. As | said, | fully support it. | think it
is good.

F6 (Mitarbeitende): Mit den Cobots. Weil, wie gesagt, ich stehe da
voll dahinter. Ich finde es gut.

M9 (employee): | am happy every time | go to the cobot and think,
yes, | can set up something new again or fix an error.
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M9 (Mitarbeitende): Ich freu mich jedes Mal, wenn ich zum Cobot hin-
komme und sage, ja, ich kann mal wieder was Neues einstellen oder
Fehler beheben.

F4 (employee): So, nothing has changed. | am still genuinely ex-
cited—about what it does, what it can do, and especially about
what it might be able to do in the future.

F4 (Mitarbeitende): Also nach wie vor. Eigentlich bin ich begeistert.
Was, was er macht, was er kann und bestimmt, was er noch kénnte.

Passive
acceptance

References from participants associated with passive acceptance of
cobots. (main code)

F13 (employee): Well, | could imagine it (using a cobot). It is not that
| would say, yeah, | really want to do it, but | could definitely imag-
ine it.

F13 (Mitarbeitende): Also ich kénnte es mir vorstellen (einen Cobot zu
verwenden), es ist zwar nicht so, dass ich sagen wiirde, yeah, ich will
es unbedingt machen, aber ich kénnte es mir auf jeden Fall vorstellen.

M18 (manager): Then acceptance is simply higher if | do not have to
go there every time only to find that the thing is whistling and not
working.

M18 (Fiihrungskraft): Dann ist die Akzeptanz einfach h6her, wenn ich
nicht stdndig hingehe und das Teil pfeift und nicht funktioniert.

M19 (manager): | believe that the more you deal with it or the more
you have to do with it yourself, the more you accept it.

M19 (Fiihrungskraft): Ich glaube, je mehr man sich damit befasst oder
je mehr man selber damit auch zu tun hat, desto mehr akzeptiert, ak-
zeptiert man den auch.

Passive
resistance

References from participants associated with passive resistance of
cobots. (main code)

M5 (employee): For me, it would not be enjoyable to operate the
cobot every day, [...] it simply does not appeal to me.

M5 (Mitarbeitende): Also fiir mich wdre es nicht schén, jeden Tag den
Cobot bedienen, [...] spricht mich nicht an.

F12 (employee): So, for me personally, for my work, for my every-
day work, | honestly do not need it right now.

F12 (Mitarbeitende): Also fiir mich persénlich, fiir meine Arbeit, fiir
meinen Arbeitsalltag, bréuchte ich ihn jetzt ehrlich gesagt nicht.

F13 (employee): And that is why, at the moment, | would prefer to
do it manually, simply because | feel better or safer doing it that
way.

F13 (Mitarbeitende): Und deswegen wiirde ich im Moment sagen, ich
wiirde es lieber mit der Hand machen. Ja, aber einfach nur, weil ich
mich dabei besser fiihle oder sicherer fiihle.

Active
resistance

References from participants associated with active resistance of
cobots. (main code)

M2 (employee): | get really annoyed just having to walk past it.
M2 (Mitarbeitende): Ich bekomme einen Hass, wenn ich nur daran
vorbeigehen muss.
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M11 (employee): Well, it just had the effect that there was total
rejection. Really, absolutely total.

M11 (Mitarbeitende): Naja, das hat sich eben so ausgewirkt, das eine
komplette Ablehnung da war. Also wirklich komplett.

F14 (manager): | can only think of one person who really does not
like it.

F14 (Fiihrungskraft): Ich erinnere mich da nur an eine Person, die das
liberhaupt nicht mag.

System perfor-
mance

This theme encompasses the impact of the introduction of cobots
on the performance of the organisational system. It examines fac-
tors such as human effort, production time, product quality, and fu-
ture work orientation, all of which ultimately affect the overall
productivity and efficiency of the organisation. (theme)

Reduction of
human effort

References from participants on the reduction of human effort in
cobot-assisted production. (main code)

M2 (employee): The only thing | see is that you do not have to fill
the modules yourself. Otherwise, | do not see any improvement
through the cobot.
M2 (Mitarbeitende): Das einzige, das ich sehe ist, dass man die Mo-
dule nicht selber stecken muss, ansonsten sehe ich durch die Cobot
keine Verbesserung.

M11 (employee): So you save yourself one person who would oth-
erwise spend the whole day on the insertion process. Of course,
that person can then work on something else and therefore also
contributes to output. So, from that perspective, productivity has
definitely increased.

M11 (Mitarbeitende): Somit sparst du dir einen Mann, der den gan-
zen Tag steckt. Also der natiirlich dann was Anderes bearbeitet und
somit auch noch Ausstofs hat. Also von daher, die Produktivitdt ist auf
jeden Fall gestiegen.

M23 (employee): The employee is only there to fix errors and either
bring pallets over, take the full ones away, and put the empty ones
back in. That just means less work and fewer employees are
needed.

M23 (Mitarbeitende): Da ist der Mitarbeiter nur da, dass er Fehler be-
hebt und entweder Paletten

hinfdhrt und volle weg tut und die Leere wieder rein tut. Das sind halt
weniger arbeitsaufwdnde und weniger Mitarbeiter.

Reduction of
production time

References from participants on the reduction of production time
through the use of cobots. (main code)

F6 (employee): Then | only need half the time for the order.
F6 (Mitarbeitende): Dann brauche ich ja nur noch die Hilfte an Zeit

flir den Auftrag.

M1 (employee): Well, the cobots became more efficient because
they simply got faster. As | said before, first we went from just one
pick to handling four Sarstedt vials at the same time, and then, with
the second cobot, we were able to increase throughput simply by
increasing the number of pieces.

M1 (Mitarbeitende): Also sie (die Cobots) wurde effizienter, weil sie
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einfach schneller geworden sind. Aber wie gesagt, erst von diesem ei-
nen Pick, als wir auf vier Sarstedts gleichzeitig gekommen sind und
dann noch mit dem zweiten Cobot. Wir haben einfach durch die Stiick-
zahlen den Durchsatz erhéhen kénnen.

M5 (employee): In other words, more orders per week. Because the
cobot [...] can handle such a large workload when there are a lot of
orders.

M5 (Mitarbeitende): Also sprich mehr Auftrége in der Woche.
Dadurch, dass der Cobot [...] so eine Menge abnimmt bei einer grofden
Auftragslage.

Impact on
product quality

References from participants on product quality in cobot-assisted
production. (main code)

M1 (employee): And the cobot does not have any concentration
problems either, because it just puts its stuff in. It always fills up
this module, and it does not forget a Sarstedt vial. It simply cannot
do that. That is a big advantage.

M1 (Mitarbeitende): Und der Cobot hat auch keine Konzentrations-
probleme, denn der steckt sein Zeug halt rein. Der steckt auch immer
dieses Modul voll, der vergisst kein Sarstedt, das kann der nicht. Das
ist halt schon ein grofSer Pluspunkt.

M25 (employee): | would say that you simply have an extra safe-
guard. | would say that it is very pleasant to work with in that case.
M25 (Mitarbeitende): Ich wiirde sagen, dass man einfach noch mal
eine extra Absicherung hat. Ich wiirde schon sagen, dass das ein sehr
angenehmes Arbeiten in dem Fall ist.

M19 (manager): But the cobot cannot see what it is doing. Just to
give one example: our employees are used to paying a lot of atten-
tion to the appearance of the product.

M19 (Fiihrungskraft): Aber der Cobot sieht ja nicht, was er macht. Das
heifst, dazu nur ein Beispiel. Unsere Mitarbeiter sind es halt gewohnt,
sehr auch auf die Optik zu achten.

Future orienta-
tion of work

References from participants on the future orientation of work due
to cobots. (main code)

F13 (employee): Because | believe that it is really important for the
future to just stay open. Even when it comes to cobots—or anything
else—things are always changing.

F13 (Mitarbeitende): Doch weil ich auch glaube, dass es verdammt
wichtig ist fiir die Zukunft, einfach offen zu sein. Auch fiir, ja egal ob
es jetzt die Cobots sind oder es verdndert sich immer was.

F14 (manager): Because it is also a kind of showcase that you are
using something like this and not just doing everything manually.
F14 (Fiihrungskraft): Weil das ist ja schon auch ein Aushéngeschild,
dass man sowas benutzt und nicht alles nur mit Handarbeit macht.

M25 (employee): For me, that has always been a step into the fu-
ture, and basically, I think it is a good thing.

M25 (Mitarbeitende): Also das ist flir mich immer ein Schritt in die
Zukunft gewesen und das finde ich grundsdtzlich schon mal gut.

-322-



Cobot  The manufacturer's brand name of the cobot was replaced with the generic term

"cobot".

() Explanations from the researcher (drawn from member checking and subsequent
clarification questions with participants).

[ Translation of colloquial phrases (as indicated in the German transcript).

[...] Words were omitted (to enhance clarity).
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Appendix F: Matrix coding queries

Appendix F.1: Matrix coding query of participants' previous experience with robots

I Statements (observations and interviews)

Previous experience with robots
(Participant group: Employees)

Themes / main codes / (sub) codes No Yes
Subjective usefulness 77 95
Goal achievement with cobots 19 19
Relevance of cobots 23 22
Physical relief 30 27
Personal development 4 14
Flexibility of cobots 1 13
Subjective user-friendliness 65 58
Ease of use 12 4
Ease of advancement 1 11
Learner friendliness 49 40
Support and assistance 21 17
Training setup 28 23
New demands on employees 3 3
Emotional factors 131 93
Cobots perceived as opportunity 32 40
Curiosity about cobots 10 15

Positive expectations

Reduction of fear

Satisfaction 9 14
Cobots perceived as threat 78 17
Fears associated with cobots 45 12
Damage concerns 0
Doubts about value 5
General anxiety 9 2
Job loss fears 23 5
Frustration 20 2
Scepticism 13 3
Emotional response to cobots 14 22
Humanisation 10 18
Objectification 4 4
Trust in cobots 7 14
Number of participants 9 8
Notes:

Main differences in the proportion of statements per category (analysed for themes and main codes):
(Category shares were normalised per participant and then divided by the sum of all normalised
shares)

|:| > 15% deviation above equal (50:50) distribution of the normalised category shares

|:| > 15% deviation below equal (50:50) distribution of the normalised category shares

Table F-1: Matrix coding query of participants' previous experience with robots
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Appendix F.2: Matrix coding query of participants' position

I Statements (observations and interviews)
Position
(Participant group: Managers and employees)
Themes / main codes / (sub) codes Manager Production Production
Technician worker
Subjective usefulness 67 61 111
Goal achievement with cobots 16 12 26
Relevance of cobots 14 16 29
Physical relief 4 10 47
Personal development 26 10 8
Flexibility of cobots 7 13 1
Subjective user-friendliness 31 51 72
Ease of use 7 4 12
Ease of advancement 6 11 1
Learner friendliness 15 33 56
Support and assistance 4 15 23
Training setup 11 18 33
New demands on employees 3 3 3
Emotional factors 85 73 151
Cobots perceived as opportunity 23 32 40
Curiosity about cobots 12 12 13
Positive expectations 3 4 6
Reduction of fear 6 4 10
Satisfaction 2 12 11
Cobots perceived as threat 37 12 83
Fears associated with cobots 23 10 47
Damage concerns 1 0
Doubts about value 6 4
General anxiety 7 2
Job loss fears 9 4 24
Frustration 3 2 20
Scepticism 11 0 16
Emotional response to cobots 14 17 19
Humanisation 10 15 13
Objectification 4 2 6
Trust in cobots 11 12
Number of participants 10 6 11
Notes:

Main differences in the proportion of statements per category (analysed for themes and main codes):
(Category shares were normalised per participant and then divided by the sum of all normalised
shares)

|:| > 10% deviation above equal (33:33:33) distribution of the normalised category shares

|:| > 10% deviation below equal (33:33:33) distribution of the normalised category shares

Table F-2: Matrix coding query of participants' position
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Appendix F.3: Matrix coding query of participants' age

I Statements (observations and interviews)

Age of participants

(Participant group: Managers and employees)

Themes / main codes / (sub) codes | Upto 35 yearsold | 36 to 50 years old Over 50 years old
Subjective usefulness 77 106 56
Goal achievement with cobots 22 22 10
Relevance of cobots 13 29 17
Physical relief 12 26 23
Personal development 15 25 4
Flexibility of cobots 15 4 2
Subjective user-friendliness 50 56 48
Ease of use 3 10 10
Ease of advancement 8 4 6
Learner friendliness 34 40 30
Support and assistance 13 15 14
Training setup 21 25 16
New demands on employees 5 2 2
Emotional factors 84 133 92
Cobots perceived as opportunity 27 33 35
Curiosity about cobots 4 16 17
Positive expectations
Reduction of fear 4
Satisfaction 14 8
Cobots perceived as threat 29 63 40
Fears associated with cobots 20 33 27
Damage concerns 0 2 6
Doubts about value 7
General anxiety 7 7 4
Job loss fears 6 15 16
Frustration 3 14
Scepticism 6 16 5
Emotional response to cobots 11 27 12
Humanisation 9 21 8
Objectification 6 4
Trust in cobots 17 10 5
Number of participants 8 12 7

Notes:

shares)

Main differences in the proportion of statements per category (analysed for themes and main codes):
(Category shares were normalised per participant and then divided by the sum of all normalised

|:| > 10% deviation above equal (33:33:33) distribution of the normalised category shares
|:| > 10% deviation below equal (33:33:33) distribution of the normalised category shares

Table F-3: Matrix coding query of participants' age
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Appendix F.4: Matrix coding query of participants' gender

I Statements (observations and interviews)

Gender
(Participant group: Managers and employees)
Themes / main codes / (sub) codes Female Male
Subjective usefulness 94 145
Goal achievement with cobots 21 33
Relevance of cobots 21 38
Physical relief 36 25
Personal development 13 31
Flexibility of cobots 3 18
Subjective user-friendliness 67 87
Ease of use 9 14
Ease of advancement 2 16
Learner friendliness 51 53
Support and assistance 19 23
Training setup 32 30
New demands on employees 5 4
Emotional factors 133 176
Cobots perceived as opportunity 38 57
Curiosity about cobots 12 25
Positive expectations 5
Reduction of fear 12
Satisfaction 9 16
Cobots perceived as threat 69 63
Fears associated with cobots 51 29
Damage concerns
Doubts about value
General anxiety 11
Job loss fears 25 12
Frustration 8 17
Scepticism 10 17
Emotional response to cobots 19 31
Humanisation 15 23
Objectification 4 8
Trust in cobots 7 25
Number of participants 10 17
Notes:

Main differences in the proportion of statements per category (analysed for themes and main codes):
(Category shares were normalised per participant and then divided by the sum of all normalised
shares)

|:| > 15% deviation above equal (50:50) distribution of the normalised category shares

|:| > 15% deviation below equal (50:50) distribution of the normalised category shares

Table F-4: Matrix coding query of participants' gender
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Appendix F.5: Matrix coding query of participants' interaction frequency with collab-
orative robots

I Statements (observations and interviews)

Interaction frequency

(Participant group: Employees)

Themes / main codes / (sub) codes Low Medium High
Interaction with cobots 29 45 79
Experience of use 26 28 37
Negative experiences 13 16 17
Positive experience 13 12 20
Experience with advancement 3 17 42
Negative experience 2 5 6
Positive experience 1 12 36
Number of employees 7 5 5

Definition of interaction frequency:

High: regular interaction (min. 1x per week)
Medium: regular interaction (min. 1x per month)
Low: occasional interaction (min. 1x per year)

Notes:

Main differences in the proportion of statements per category (analysed for themes and main codes):
(Category shares were normalised per participant and then divided by the sum of all normalised
shares)

|:| > 10% deviation above equal (33:33:33) distribution of the normalised category shares

|:| > 10% deviation below equal (33:33:33) distribution of the normalised category shares

Table F-5: Matrix coding query of participants' interaction frequency with collaborative
robots
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