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Abstract

Human-robot interaction (HRI) promises to be a means whereby manufacturing companies will be able to address current chal-

lenges like a higher demand for customization. However, despite comparably low costs, there are only few applications in practice.

To date, it remains unclear which factors facilitate or hinder the successful introduction of industrial collaborative robots (cobots). In

a three-step approach, we first developed a comprehensive two-dimensional framework covering three separate phases and four

essential components for human-robot working systems. Secondly, we reviewed related literature to identify relevant success

factors. Thirdly, in an online survey we asked leading representatives of German manufacturing companies (n = 81) to assess the

importance of these factors from a practical point of view. The results reveal that besides technology-related factors like occupational

safety and appropriate cobot configuration, employee-centered factors like the fear of job loss and ensuring an appropriate level of

trust in the robot are considered important. However, company representatives seem to underestimate the impact of subtle measures

to increase employee acceptance which could be incorporated into internal communication strategies prior to and during the

introduction of cobots. Comparative analysis based on three distinct application scenarios suggests that most success factors’

practical importance is independent of the motivation for implementing HRI. Furthermore, answers from practitioners in free-text

fields reveal that success factors which intuitively come to their mind such as financial factors are not necessarily perceived most

important. Finally, we argue for more application-oriented research that focuses on practically relevant factors to guide HRI

research, inform cobot development, and support companies in overcoming apparent barriers.

Keywords Industrial human-robot interaction . Collaborative robots . Success factors . Human-robot collaboration . Empirical

research . Framework

1 Introduction

Automation using industrial robots has been a driver in enter-

prises during the last decades, leading to an ever-increasing

number of industrial robots being implemented in factories

[1]. However, the research agenda in the past view years has

focused on developing smaller lightweight robots which en-

able direct interaction with humans without the need for a

physical separation, e.g. by security fences. For some years,

collaborative robots (cobots) have been commercially avail-

able [2]. These robots are usually small, flexible, easy to pro-

gram, and due to their safety features capable of working with

humans in a shared workspace. Hence, they offer enterprises

the opportunity to implement human-robot interaction (HRI)

applications. Whereas huge conventional industrial robots

have been mostly implemented in large companies, cobots

are considered an appropriate solution for small- and

medium-sized enterprises (SMEs), which typically produce

many product variants in small lot sizes and thus require flex-

ible, mobile, and easy-programmable devices [3].

However, apart from show cases and pilot implementations, it

is still hard to find successful HRI solutions in practice, especially

in SMEs [4]. Hence, the question arises, why the adoption of this

promising new technology is progressing so slowly. This is
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especially surprising given the potential of addressing pressing

current challenges, such as shortages of qualified workers [5],

increased customer demands for quickly available and individu-

ally designed products, and amore competitive market with high

pressure on product prices [6] by the introduction of cobots.

Different possible barriers to cobot adoption in enterprises

have been discussed, such as insufficient acceptance by em-

ployees [7]. However, to the best of our knowledge, there is no

holistic and empirically validated overview of success factors

in HRI in industrial contexts. Most research focuses predom-

inantly on technical challenges or investigates interactions

with social or humanoid robots within a service context. On

the contrary, industrial HRI (iHRI) is a very new phenomenon

[8] that is underrepresented in research [9], although the

development of hybrid teams consisting of humans and their

robotic interaction partners raises many new questions also in

this application domain. These questions also refer to human

factors and social aspects, whose relevance is increasingly

acknowledged in functional usage scenarios like manufactur-

ing [10].

Furthermore, in recent years, concerns about the external va-

lidity and the representativeness of many theoretically driven

studies have been raised. This refers on the one hand to small

and non-representative samples [11] consisting of students rather

than construction workers, although both populations are known

to differ in several ways [12, 13]. Another major criticism are

unrealistic experimental application scenarios [14], which take

place either in lab [15–17] or in virtual reality environments

[18]. These concerns call for more in situ studies.

It is still unknown which factors determine the success of

implementing an industrial HRI solution in practice. Whereas

regulatory, safety, and economical aspects are quite salient, a

holistic framework incorporating soft factors referring to em-

ployee acceptance or the organizational context is missing.

Additionally, the lack of in situ studies demonstrates the fur-

ther need to improve alignment between research agendas and

practical needs of company representatives.

Consequently, this study aims to gather insights about what

practitioners consider important when introducing an HRI so-

lution, and to identify reasonable future research directions

from a technical as well as a cognitive perspective. This leads

to the following research questions:

1. What are relevant success factors from a research as well

as a practical perspective regarding HRI implementations

and how do enterprise representatives judge their respec-

tive importance?

2. How and to what extent does the goal an enterprise

wants to achieve by introducing iHRI, influence the per-

ceived importance of these factors?

Answering these questions should pave the way for an

increased adoption of this novel technology in practice.

2 Theoretical background

2.1 Industrial human-robot interaction

Industrial robots have been used in production for decades.

According to data from the International Federation of

Robotics (IFR) [1], between 2013 and 2018, the number of

new installations of industrial robots worldwide increased on

average by 19% per year, while the stock of operating industrial

robots grew by 13% per year. Almost three quarters of installa-

tions (74%) are located in only five countries, namely China,

Japan, the USA, Korea, and Germany. Most industrial robots

are used by the automotive and electrical/electronics industry

(each approx. 30% of total installations). While traditional in-

dustrial robots still play an important role in manufacturing au-

tomation and most robots continue to be operated separately

from humans, HRI can be seen as an upcoming trend in produc-

tion lines. HRI research attracts attention from various research

disciplines such as robotics technology when it comes to phys-

ical HRI (pHRI), as well as psychology and cognitive science

when it comes to cognitive HRI (cHRI), a recent subfield con-

cerned with human factors to account for the complex personal

and social dynamics between humans and robots [19]. The latter

issues have been intensively explored with regard to service

robots or social robots typically used in elderly care or in private

households, for example. However, they are also of increasing

importance in other application domains, like industrial HRI,

which is concerned with robots used in production and

manufacturing. This domain provides a multitude of practical

applications and hence, a high economic impact, especially for

SMEs [20]. Surprisingly, very little research has been carried out

to enable robot designers to improve the ergonomic and cogni-

tive aspects for working with cobots [21].

Human-robot collaboration (HRC) refers to a special type

of interaction, characterized by (the opportunity for) direct

physical contact between a robot and a human, according to

ISO definition 8373:2012 [22, 23]. However, even in research

literature, the terms HRI and HRC are often used synony-

mously, whenever a robot is run without a security fence sep-

arating it from a human interaction partner [24]. This impre-

cise use of termini neglects differing requirements of the re-

spective interaction types, for example with regard to employ-

ee competencies and security mechanisms, which are only

built-in in some types of robots [25]. Existing classification

approaches differentiate between several subtypes of HRI,

without a consensus having already emerged [26]. Figure 1

provides an integrated overview of the most important types

of HRI and their characteristics.

In coexistent scenarios, human and robot do not share a

common working space, just as in conventional automation.

Since no physical separation prevents incidental contacts be-

tween human and robot, the cobot is equipped with a security

mechanism which makes it stop moving as soon as it detects a
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human in its workspace [28]. Physical contact is only possible

in “operation stop” mode [25]. The interaction is therefore

limited to the avoidance of collisions.

In cooperation scenarios, humans and robots share a com-

mon working space. However, in timely synchronized coop-

eration they enter the working space one after another, so that

human and robot are not present in the same working space at

the same time. In addition, cooperation is characterized by

sequential work steps and does not necessarily require physi-

cal contact to accomplish the work.

The highest level of interaction takes place in collaborative

scenarios, in which humans and robots work simultaneously

on the same object in the same working space while

performing a joint work activity [25]. In consequence, while

conventional industrial robots require physical separation

from humans for safety reasons, cobots allow usage in a wider

spectrum of interaction options ranging from coexistence to

collaboration.

The direct physical interaction of humans and robots without

barriers means new safety risks for employees [29]. In order to

minimize these, cobots are equipped with various integrated

safety features defined by ISO/TS 15066:2016 [30] allowing

high levels of automation in the vicinity of the operator [31],

namely safety-rated monitored stop, speed and separation mon-

itoring, power and force limiting, and hand guiding.

The safety-rated monitored stop is used for robot applica-

tions, where the robot stops and remains stopped when the

operator is in close proximity [32]. It is usually implemented

by sensors detecting human presence. Since the cobot is only

able to resume automatic operation when the person leaves the

collaboration area [33], these robots are used for coexistent

application scenarios. With speed and separation monitoring,

there is no danger for employees when they approach the

moving cobot. For this purpose, the cobot must maintain a

specified speed and distance from the operator at all times,

taking into account the relative speeds between operator and

robot [33]. Therefore, the position of humans and the cobot

must be known at any time. The implementation can be car-

ried out using different approaches such as 3D image process-

ing or inertial motion capture suits [29]. In contrast to the

safety-rated stop, the presence of persons does not necessarily

lead to a stop in operation, but initially results in a slowing of

the robot’s movements. Ensuring safety by power and force

limitingmeans that human safety is achieved by dimensioning

the engine of the robot in such a way that the forces do not

exceed a predefined restriction [34]. This on the other hand

severely limits payload and speed [29].

2.2 Collaborative robots

Collaborative robots (cobots) are a special type of industrial

robot particularly designed for direct interaction with the

worker [35]. Consequently, the ability to seamlessly interact

with humans is a core part of their functionality and effective-

ness [36]. Hence, cobots provide the necessary technology for

implementing HRC which promises perfect synergy between

the typical complementary strengths of human beings and

robots resulting in a superior working system [37]. Table 1

provides an overview of typical complementary capabilities of

humans and robots.

The term cobot was first used in a patent specification

defining HRC as a method for direct physical interaction be-

tween a person and a general-purpose manipulator controlled

by a computer [45]. From a technical perspective, cobots are

often small and lightweight robots which are relatively inex-

pensive compared to traditional industrial robots [41]. They

usually have less dangerous housing edges and integrated

Working steps Sequential Simultaneously

Working space Separated working spaces

Shared collaboration space

If synchronised: 

Timely separated

Working tasks Tasks are not linked Linked tasks Shared tasks

Physical contact Impossible Possible, not necessary Possible, often desired

Minimal safety

requirements according to

DIN EN ISO 10218-1

Automatic operation with

safeguards

Safety-rated monitored

stop

Speed and separation monitoring

Power and force limiting

Hand-guided control

Robot speed Maximum speed Limited speed

Full automatization with

industrial robots

Human-Robot-Interaction with cobots

Human-Robot-Collaboration

CELL COEXISTENCE COOPERATION COLLABORATION

Fig. 1 Different interaction types and their characteristics (translated from [27])
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sensors to reliably detect intentional or unintentional contact

with their environment [46].

Table 2 compares two robot models from the Germanman-

ufacturer KUKAwith a comparable payload. In contrast to the

industrial robot KR6-2, the lightweight robot model LBR iiwa

7 possesses the necessary security mechanisms to be used in

collaborative scenarios.

At first glance, optical differences in the robot’s morphology

are apparent. This is because the cobot is designed to prevent

injuries such as bruising or cuts from sharp edges. The cabling is

also integrated in the cobot to prevent possible dangers such as

strangulation. The conventional industrial robot has a greater

maximum range, and maximum speed. It is also superior to

the cobot in its repeatability. The lower repetitive accuracy of

Table 1 Typical strengths of

human and cobot Human strengths Cobot strengths

Flexibility [32, 38, 39] Endurance [39, 40]

Perception (e.g., to identify faultless workpieces)

[38, 39, 41, 42]

Power [32, 38, 39, 42]

Sensorimotor abilities [32, 40, 43] Reproducibility [38, 42]

Handling of soft and moving components [38] Precision [32, 39, 41]

Action and movement planning (ability to improvise) [42, 44] Speed [38, 41, 42]

(except in collaboration mode)

Table 2 Comparison of conventional industrial robot with collaborative robot (data and graphics taken from [47, 48])

Traditional industrial robot

(KR6-2)

Cobot – lightweight robot (LBR 

iiwa 7, R800)

Payload 6 kg 7 kg

Maximum range 1611 mm 800 mm

Weight 235 kg 23,9 kg

Maximum size 

(for stretched robot arm)
2026 mm 1306 mm

Number of axes 6 7

Repeatability accuracy ± 0,05 mm ± 0,1 mm

Maximum speed of a single axis

(refers to the outermost, fastest 

axis)

659 °/s 180 °/s
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cobots [49] is usually due to the required compliant behavior,

intended to ensure safety in terms of HRI [50]. While according

to [50] for example, Rethink Robotics’ Baxter uses compliant

motor-driven springs,Universal Robots utilizes joints with com-

pliant elastic elements for their UR-3/UR-5/UR-10 robots. Such

special mechanical components, together with specific control

strategies and complex dynamic analyses, could therefore lead

to lower repeatability. This should be taken into account when

selecting a suitable implementation concept, since conventional

systems with additional sensors must be used if commercial

cobots do not have sufficiently high positioning accuracy for

the task [51]. In this context, [50] propose a collision-detecting

sensorized polymeric skin, covering different robotic structures

and featuring intrinsically high repeatability and accuracy.

As shown in Table 2, a cobot offers additional flexibility

for possible applications due to its lower dead weight and

better kinematics (seven axes).

The lightweight construction and the typically easy pro-

gramming interfaces, e.g. by hand-guiding, open up mobile

design opportunities for applications at various workplaces

and allow the robot to be used flexibly for different tasks.

This makes them especially suitable for companies with small

lot sizes, many production variants, and fluctuating production

volumes [52]. Therefore, experts attribute a high market poten-

tial to cobots, especially for SMEs, which are usually charac-

terized by these specific production characteristics. However,

several publications in recent years have shown that this poten-

tial has only been realized to a small degree in practice [7, 28,

53] and is only recognized to a limited extent by SMEs [54].

Recently, the IFR considered the forecasts for the global market

growth of collaborating robots as “over-hyped” and regards the

cobot market with a worldwide share of 3.24% of the total

annual installations of robots for 2018 as being still in its infan-

cy [55]. However, since the absolute stock of industrial robots is

rising, the number of cobots sold has increased [1].

Some cobots possess anthropomorphic design features and

trigger emotional as well as social responses of humans [16],

which are inherently prone to anthropomorphize mechanical

entities, i.e., to attribute human characteristics to obviously

inanimate technical entities [56]. This tendency can be

strengthened for example by contextual factors like providing

a robot with a background story [57] or by their visual appear-

ance. The industrial cobots Baxter and Sawyer by manufac-

turer Rethink Robotics serve as examples for a new class of

robots which can be classified either as social or as industrial

robots [58]. Furthermore, the organizational context in which

a cobot is deployed adds another dimension of social com-

plexity [59]. Hence, this wide range of complex mental pro-

cesses and resulting human and social success factors should

be taken into account in cobot introduction processes.

The specific design features of cobots, little existing prac-

tical knowledge, and especially the high level of interactivity

they offer make their introduction processes very different to

technology adoption processes for classical automation de-

vices like big industrial robots, which do not enable direct

interaction with employees [60]. In practice, companies face

difficulties especially in identifying, planning, and

implementing collaborative working scenarios and struggle

with assessing the benefits and drawbacks of introducing

cobots from a production-oriented as well as an economic

viewpoint.

2.3 Application scenarios

Previous research reveals that companies pursue different ob-

jectives when introducing HRI solutions in their production,

some of which focus on classical production-oriented key per-

formance indicators (KPI), whereas others impact on indirect

measures like job attractiveness [27]. In the following, we

describe three typical goals associated with the introduction

of cobots. Each is motivated by a certain external circum-

stance posing a challenge for manufacturing companies.

1. Increasing job attractiveness

During the last years, a shortage of skilled workers

has become prevalent especially in highly industrialized coun-

tries like Japan, the USA and many European Countries [61].

This also affects manufacturing companies which struggle to

recruit sufficiently qualified engineers and skilled production

workers [5]. Recent data shows that in 2018 it took companies

23 days longer to fill vacancies compared to 2015 [5]. Hence,

employers compete for appropriate personnel on the labor

market and make big efforts to increase their chances of

recruiting suitable personnel. The reputation and publicity of

large companies and their financial capabilities, which often

allow them to offer higher salaries, makes finding appropriate

staff even more challenging for SMEs. Additionally, the

manufacturing industry in particular suffers from a poor image

in the younger generation, which is shaped by reports of

offshoring manufacturing activities and by typically dull, dan-

gerous, and dirty work being perceived as less attractive than

paper work in an office [62]. Consequently, many companies

regard cobots as a means of relieving employees from physi-

cally and mentally stressful tasks, and therefore to increase

their job attractiveness to applicants. Additionally, they be-

lieve that cobots can be helpful in leveling up their

reputation as an innovative employer which can be a

decisive criterion especially for young and technology-

oriented applicants [27].

2. Increasing flexibility

Mass customization and mass personalization are on-going

trends in the production industry driven by increasingly diver-

sified customer needs. Companies aim to fulfill them without
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losing the classical advantages of mass production such

as cost-efficiency due to economies of scale [6]. So far, indus-

trial robots have mainly been used in fully automated cells for

mass production with large batch sizes [32]. For SMEs in

particular, which often produce small batches and offer a wide

range of variants, fully automated robot cells are uneconomi-

cal due to long changeover times [63] which would cause their

production to be too inflexible to dynamically handle diverse

customer requirements. By means of adaptable, easily repro-

grammable cobots, companies aim to increase flexibility in

their production in order to be able to respond flexibly to

increasingly individual customer requirements.

3. Increasing productivity

While the strengths of humans lie, e.g., in sensorimotor

tasks or in adapting to new processes, robots have strengths

in accuracy, perseverance, and reproducibility [38, 40, 41]. In

traditional manufacturing with humans and robots operating

separately, the respective strengths have not yet been com-

bined. Some application scenarios offer the opportunity of

reducing products’ lead-time with constant use of human re-

sources, e.g., if a cobot makes it easier for an employee to

work by holding workpieces in the correct position or if it

takes over certain work steps, for example by being responsi-

ble for carrying workpieces to the next work station. In con-

clusion, with the help of HRI systems, some companies expect

to increase productivity in situations in which it would be

unfeasible or inefficient to automatize a complete working

step, but delegating small aspects of the working step to a

cobot could ease work for employees.

3 Conceptual work: developing a framework
for the introduction process

Different frameworks and reference models for cobot intro-

duction processes in assembly lines have already been pre-

sented. One “systematic approach to implement cobots in an

assembly system” [64] relies on the engineering design cycle

by [65]. In their three-phase model, the authors distinguish

between concept development phase, exploration phase, and

decision phase. Hence, their model focuses on how to make a

decision to use a cobot, how to select an appropriate product,

and how to develop a concept for implementing it at a given

workstation. The actual implementation and the operation

phase of the cobot remain out of scope. In a later publication,

they present a three-dimensional reference model, which

brings together the chosen interaction model, the HRI team

composition, and the resulting HRI safety implications [26].

This reference model does not include a procedural

component.

A morphology of HRI implementations proposed by [41]

includes quantitative as well as qualitative conceptual and

technical aspects. They take into account five different per-

spectives on HRI applications, namely the objectives and eco-

nomics associated with HRI implementation, product charac-

teristics of the cobot type, the production process in which the

cobot should be integrated, requirements and characteristics

for the resulting HRI system, and safety principles. They also

specify a set of mostly quantitative indicators for each level to

consider when planning an HRI application.

A two-dimensional design and implementation framework

proposed by [52] includes key questions to be answered from

different perspectives. They distinguish between a system, em-

bodiment, and detail viewpoint, which refers to the granularity

of the information needed for conceptualizing an HRI imple-

mentation ranging from general to specific. The framework is

generic enough to be useful for other technologies as well.

Another approach relies on a version of the HTO-

framework by [67] adapted to the context of HRI [66]. It

originates from occupational safety and accident investigation

in order to identify the origins of failures and to attribute them

to either the human operator (H), the technology (T), or the

organisation (O), that is, to the management or work environ-

ment, for example. The strength of this model lies in the fact

that it accounts for the complexity of socio-technical systems,

whose parts must be considered holistically [66].

All frameworks or reference models share the goal of guid-

ing HRI designers through the complex planning process with-

out neglecting important aspects, points of views, or indicators.

Most of them focus on technical and production process-related

considerations, whereby employee-centered factors like accep-

tance remain underrepresented. None of the models explicitly

include the operation phase after the actual implementation and

only one approach relies on the notion of the worker and cobot

building a joint socio-technical system operating dynamically

within complex and often social contexts [66].

To classify success factors, we differentiate between the

four components of the social-technical HRI working system,

namely (1) human operator, (2) cobot, (3) working system,

and (4) enterprise and contextual factors similarly used by

[68] (Fig. 2).

Other researchers refer to human operator and cobot by

using the terms subject and object factors, respectively [68,

69]. The human operator level incorporates all individual fac-

tors of the employee that collaborates with the robot, whereas

the cobot level describes its functional as well as non-

functional characteristics. The human operator and the cobot

form a working system (ISO 6385:2016 [70]), whose effec-

tiveness and efficiency depends on the employee’s individual

abilities, the performance of the cobot, and on their interac-

tion. In the sense of the user-centered design process (ISO

9241-210:2019 [71]), the context of use, user requirements,

and needs have to be considered to make the cobot application
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successful. Finally, the enterprise and context level focuses on

framework conditions such as the work culture in the given

enterprise or the position of the human operator within the

company’s hierarchy. The importance of these framework

conditions have been stressed in recent literature [2, 72].

For the assignment of success factors to the presented

levels, it is decisive to whose property the success factor re-

lates. For instance, trust in the robot is assigned to the human

interaction partner, because it is a human characteristic to ei-

ther trust or mistrust a robot.

The horizontal dimension refers to the chronology of a

cobot introduction process in an enterprise (Fig. 3). We divide

this process into three main phases; first, the decision phase, in

which a company elaborates whether it is useful and feasible

to introduce a cobot solution; second, the implementation

phase, in which the cobot’s specifications have to be clarified;

and third, the operation phase, in which the cobot is run, mon-

itored, and evaluated within the production environment. For

sure, it has to be taken account that these three phases are

neither completely separated, nor do they constitute a one-

directional linear process in practice. For example, practical

issues in the implementation phase can lead to a reconsidera-

tion of the general usefulness of a cobot solution and to a

withdrawal of the former decision, which results in a process

with iterative circles. Furthermore, as with any model, divid-

ing the whole process into only three parts oversimplifies re-

ality, since the decision phase could be further divided into

idea and concept phase, exploration phase, and actual decision

phase like in the model by [64], for example.

Success factors are assigned to the phase in which its

achievement can actually be measured. Although as many

success factors as possible should be considered in the deci-

sion phase to come to a qualified decision, some factors like,

e.g., the reliability of a robot, operationalized as the number of

malfunctions per working time, can only be measured when it

is in productive operation. Therefore, this success factor is

assigned to the operation phase.

While the decision phase is characterized by estimating

relevant parameters and identifying circumstances which lie

beyond the companies’ sphere of influence, most factors in the

implementation phase can be actively influenced. A similar

differentiation is used by [73] in their so-called HRC accep-

tance model (HRC-AM), which is an adaption of the classical

technology acceptance model (TAM), first introduced by [74]

and further developed and adapted to different contexts like

automation [75] or even HRI [73, 76–78]. They distinguish

determinants of robot acceptance into anchor variables that lie

beyond an organization’s sphere of influence and adjustment

variables that can be shaped by the organization. In the oper-

ation phase, formerly anticipated measures can finally be

tracked and used for evaluation.

4 Empirical work

The research design generally follows a mixed method ap-

proach, that is, a combination of qualitative and quantitative

methods. This approach allows incorporating a researcher and

a practitioner perspective. While the researchers’ point of

view is represented by a systematic literature review, reveal-

ing relevant aspects and possible success factors for the intro-

duction of cobots in enterprises, the practitioners’ perspective

is determined by means of an online survey of 81 company

representatives.

4.1 Systematic literature review

To gather an overview of relevant literature, we searched the

following databases for scientific, peer-reviewed publications

related to the topic of collaborative robots (in a workplace

setting) with a publication date no earlier than 2005:

& Springer Link

& Science Direct (Elsevier)

& Sage Journals

& Taylor & Francis online

Fig. 3 Three phases of the cobot

introduction process (horizontal

framework dimension)

Fig. 2 Four essential parts of HRC solution (vertical framework

dimension)
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& DOAJ (Directory of open access journals)

The term for search was (collaborat* AND robot*) OR

(cooperat* AND robot*) OR cobot in which the asterisk func-

tioned a placeholder for any characters. Additionally, we

searched in Google Scholar using the following more specific

search term: ((collaborat* AND robot*) OR (cooperat* AND

robot*) OR cobot) AND (manufacturing OR assembly OR

industry OR industrial OR workplace). The literature search

was conducted in October 2018.

This initial search yielded 754 matches (including dupli-

cates) containing the term in the title. After removing dupli-

cates, articles that did not focus on HRI at all or on HRI in

non-industrial sectors, 95 articles remained. In the next step,

we screened the abstracts and the Result sections of the re-

maining articles to check whether they included information

about relevant success factors or environmental conditions,

and, if so, whether that information was generalizable in a

sense that it did not stem from merely a single case study.

We ended upwith 22 publications, which we analyzed deeply.

By screening reference lists of those publications, we identi-

fied and added another 15 publications. Altogether, this pro-

vided us with 37 scientific publications for the literature re-

view. Figure 4 visualizes the entire search and selection

process.

4.2 Online survey

Based on the results of the literature review, that is, a compre-

hensive list of success factors considered in research literature,

we conducted a quantitative online survey, in which German

practitioners evaluated the importance of the identified suc-

cess factors. Hence, while the list of success factors stems

from international research literature, the empirical evalua-

tions of importance are based on a country-specific sample

and should be interpreted in the light of the German

manufacturing context (cf. Limitations). In this sense, the ex-

ploratory literature work was a prerequisite for the quantitative

empirical work. In order to test whether success factors de-

pend on the goal companies seek to achieve by HRI applica-

tions, subjects were randomly assigned to one of three possi-

ble scenarios presented in chapter 2.3.

4.2.1 Participants

Participants were recruited via a panel provider. Since we

were particularly interested in the viewpoint of enterprises,

we only included subjects that met the following inclusion

criteria: (a) Employed in an enterprise in the manufacturing

industry; (b) worked within the enterprise either in

manufacturing/production, or in logistics/materials, or as a

manager/CEO; and (c) worked either as a production planer

or in a managerial position, e.g., as team leader or factory

leader. Screening questions at the beginning of the survey

were used to check whether participants matched the given

criteria. These criteria were intended to ensure that all subjects

possessed practical expertise regarding production processes,

were used to reasoning on a strategic level in their enterprise,

and held decision authority. Furthermore, speeders who com-

pleted the survey in less than five minutes were excluded from

the data to increase quality. Since the survey was implemented

in German, only people living in Germany and able to speak

German were recruited. They took part on a voluntary basis

and were rewarded for completing the survey according to the

panel provider’s terms of use.

This resulted in a sample of 81 participants (63 male, 18

female). All participants were aged between 24 and 75 years

(M = 46.96; SD = 12.749) and had between one and 47 years

of practical working experience (M = 15.94; SD = 10.632).

Forty-nine participants had completed an apprenticeship (60.5

%), 30 held an academic degree (37.0 %), and two had not

completed neither an apprenticeship nor a study (2.5 %).

Sixty-one of 81 participants (75.3%) worked in the produc-

tion/manufacturing, whereas 14.8% worked on a managerial

level and 9.9% in logistics/materials. Further, 85.3% were in a

leading position, such as team leader or factory leader, where-

as the remaining 14.8 % work as production planners.

Altogether, based on this demographic data, subjects were

expected to have sufficient experience as well as expertise to

provide qualified information.

Figure 5 shows the distribution of the industrial sectors of

the companies in the sample compared to the distribution in

the German economy as of 2018. Overall, the distribution

seems comparable, which is also suggested by a significant

Spearman’s correlation, r = 0.71, p = .020. To conclude, al-

though some sectors like mechanical engineering are

Literature 
search in 
databases

n=754

Screening of 
titles and 

elimination of 
duplicates

n=96
Screening of 

abstracts
n=22
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15 

publications 
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other 
publications
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Basis for 
literature 
analysis

Fig. 4 Procedure to identify and select relevant publications for the systematic literature review
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overrepresented (24.7% compared to 16.9%), the distribution

can be regarded as representative for the German economy.

Forty-six of 81 subjects (57 %) work in large companies,

whereas the remaining 35 subjects (43 %) are employed in

SMEs, according to European Union’s (EU) classification

[79], neglecting balance sheet total, which was not questioned

in our survey due to pragmatic issues. Large companies are

therefore overrepresented in the present study.

Thirty-eight of 81 (46.9 %) subjects have already dealt

very intensively with automatization solutions and 16 out

of 81 (19.8 %) with collaborative robots in particular.

Twenty-one participants (25.9 %) possess practical expe-

rience with the introduction of a cobot in their current or

past enterprise.

On average, it took participants 12:10 min to complete the

entire survey.

4.2.2 Materials

At the beginning of the survey, subjects were shown a specific

scenario, in which a company named Meyer Ltd. planned to

introduce a cobot to tackle a specific external challenge. The

three different scenarios were created according to the typical

real-life goals of companies, as described in chapter 2.3.

We asked participants on a five-point, one-sided Likert-scale

ranging from 1 = not realistic to 5 = very realistic, whether they

consider it as realistic that (a) their employer would face a sim-

ilar situation to the fictitious company, and (b) their employer

would have similar considerations to address this situation, that

is, consider introducing a cobot solution. For both aspects, the

scores lay between reasonably realistic and quite realistic (M=

3.20, SD = 1.239 andM = 3.26; SD = 1.292, respectively, n =

81). A one-way analysis of variance (ANOVA) revealed no

significant differences in ratings across the three scenarios,

(F(78) = 2.247, p = .112; F(78) = 1,771; p = .177). We interpret

these results in a sense that the scenarios were realistic enough

for the participants to make reasonable considerations and judg-

ments of importance of possible success factors.

4.2.3 Measurements

The rating scale to assess the importance of the given suc-

cess factors was a five-point, one-sided Likert scale with

verbal items, ranging from 1 = not important to 5 = very

important. The verbal descriptions were chosen according

to [80] and were presented in German. Due to the equidis-

tant verbal labels, the scale is considered as quasi-metric

for data analysis purposes.

4.2.4 Design

We used a one-way between-subjects design. The goal of

cobot introduction was used as three-leveled nominal in-

dependent variable. The quasi-metric scaled perceived

importance of each possible success factor was used as

dependent variables.

Participants were quasi-randomly assigned to each condi-

tion, yielding 28 participants in the increasing job

Fig. 5 Distribution of company’s industrial sectors within the study’s sample and the Germanmanufacturing industry, respectively. Source of economic

data: German Federal Statistical Office

693Int J Adv Manuf Technol (2021) 112:685–704



attractiveness condition, 25 participants in the increasing

flexibility condition, and 28 participants in the increasing

productivity condition. Because we expected a high rate of

screen-outs due to the specific population, we employed a

quasi-randomization algorithm that assigned incoming partic-

ipants to the condition with least completes. Therefore, we

managed to achieve almost equal-distribution of participants

to the conditions despite our relatively small sample and the

large screen-out rates.

4.2.5 Procedure

At the beginning, participants had to pass three screening

questions. After that, we provided all participants with some

introductory information about cobots, together with one of

the three fictitious enterprise scenarios. In order to ensure that

participants read the entire scenario description, they were

technically forced to stay on this page for at least 20 seconds

before being able to proceed.

Thereafter, participants had to pass a manipulation check.

They were asked to choose the fictitious enterprise’s strategic

goal mentioned in the scenario shown before. Participants

who did not answer correctly had to leave the survey. On

the next page, participants were asked to rate the realism of

the presented scenario. Afterwards, they should imagine being

responsible for a cobot introduction process within the de-

scribed company. In free-text fields, they were asked to enter

the most important success factors. Afterwards, participants

were asked to assess the importance of randomized batteries

of possible success factors for the HRI solution in the fictitious

company with regard to the achievement of the enterprise’s

goal according to the presented scenario.

At the end of the survey, participants were asked to provide

information about their personal experience with automatiza-

tion and cobots, as well as some general information about

their employer and their general professional experience.

After submitting their answers, subjects were redirected to

the panel provider’s website where they received their reward

for participating.

5 Results and discussion

Figure 6 shows the success factors identified from literature,

their integration into our proposed framework, and their im-

portance ascribed by company representatives. In the follow-

ing subchapters, we discuss some important themes that arise

from the ratings.

5.1 Occupational safety

It is not surprising that occupational safety was rated most

important (M = 4.83). Insufficient safety mechanisms are a

key obstacle, since decision-makers are often directly responsi-

ble for the safety of their employees. The high level of aware-

ness is in line with practical experiences as well as with findings

from literature identifying safety issues as a main barrier to

cobot introduction [27], especially since not only the cobot

itself but the whole working systems has to be considered in

a risk analysis [38]. This often represents a complex and time-

consuming endeavor potentially undermining the key advan-

tage of cobots being highly adaptable to new tasks and working

situations.

Introducing a cobot in a shared environment leads to new

hazards that should be considered and ideally eliminated [31].

In the methodology of [31], hazards are categorized according

to their hazard paths between the origin and the affected per-

son, namely exposure, contact, and collision. While exposure

refers to all hazards that can occur from distance (e.g., vapors),

contact includes those hazards that can cause damage through

direct contact, even if human, robot, or both are at rest (e.g.,

exposed electrical contacts). The third type of hazard relates to

the collision of human and robot. Hazards of this type are

evaluated based on the kinetic energy defined in ISO/TS

15066:2016 [30]. Within Annex A of ISO 10218-2:2011

[81], various hazards are listed that can occur in the context

of robot systems. The list is based on ISO 12100:2010 [82],

which deals with safety of machines in general and proposes

hazards of different kinds such as mechanical, electrical, ther-

mal, noise, vibration, radiation, material, ergonomic, environ-

mental, and combined hazards. The listed hazards can be used

for a top-down risk assessment approach [29]. For this pur-

pose, the application designer works with a safety expert iden-

tifying possible hazards for each step in the process, which are

assessed afterwards in a risk evaluation, whereby risk is de-

fined as “the product of the severity of the damage and the

probability of occurrence” [83]. The severity of damage can

range fromminor incidents resulting in no or minor injuries to

catastrophic consequences leading to death or injuries with

permanent disability. Risk matrices can be used to identify

highest priority hazards by combining expected severity and

probability [84]. On the other hand, the probability of occur-

rence can vary from very unlikely to very likely [29]. In ad-

dition to the aforementioned standards ISO 10218-2:2011

[81] and ISO 12100:2010 [82], the risk assessment process

should consider ISO/TR 14121-2:2012 [85], which provides

practical guidance for risk assessment as well as ISO 10218-

1:2011 [33], ISO 13849-1:2015 [86], and the European ma-

chinery directive 2006/42/EC [87], which describe detailed

procedures for risk assessment of a workplace and its individ-

ual components [88].

In addition, the technical specification ISO/TS 15066:2016

[30] was introduced in 2016 to address the increasing use of

cobots, which, unlike conventional industrial robots, allow

direct contact through integrated safety features. This opens

up new possibilities compared to ISO 10218 (version 2011)
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Fig. 6 Perceived importance of success factors for cobot introduction based on empirical research (framework)
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containing restrictive safety requirements, severely limiting

physical interaction between human and industrial robots. In

the near future, the release of an updated version of ISO

10218 is planned, which includes instructions on the safety

of cobot systems from ISO/TS 15066. A current draft (ISO

10218-1:2020-04) already exists. In this context, the progres-

sive development of new standards over the past years illus-

trates the increasing trend toward industrial HRI [89].

Apart from legal issues, it has to be taken into account that

occupational safety also influences workers’ acceptance of a

technology. If employees doubt their cobot will always work

safely in any case, they will interact less fluently or even

refuse to work with it. However, it has to be noted that per-

ceived safety does not necessarily reflect real safety [90].

5.2 Fear of job loss

Prior research revealed that employees often associate the in-

troduction of robotic technology with a fear of being replaced

by machines [13], which has been a typical barrier to technol-

ogy adoption processes since the first industrial revolution

[91]. It is therefore considered an important success factor

for companies to address employees’ worries about losing

their jobs. Often, there is only a thin line between perceiving

a cobot as a supporting colleague or a superior competitor

[92], which makes it hard for decision-makers to predict

how employees will relate to the cobot [93]. Our findings

reveal that decision-makers are well aware of the big impact

of this fear on the success of a cobot introduction (M = 4.59).

The vision of being replaced by a cobot threatens em-

ployees’ concept of self-worth and raises concerns about their

long-term economic situation [94], which stresses the psycho-

logical relevance and rationalizes the possible negative impact

on employees’ behavior. Hence, [95] conclude that this fear is

one of the most influential factors hindering cobot acceptance.

Whether this fear can be rectified by actual developments

on the labor market driven by increasing adoption of automa-

tion and robotic technology has been subject of many studies

and controversial discussions in the public [96]. In any case, it

is important to distinguish conventional automation from

cobots, because the latter are not intended to completely sub-

stitute humans but complement them in a collaborative sce-

nario [38]. This fact is supposed to minimize fears of being

replaced [97]. However, the predominant usage in coexistent

and cooperative application scenarios in reality [27] and the

lack of knowledge about differences and similarities to classi-

cal industrial robots make virulent fears of job-loss plausible.

Additionally, experimental findings reveal that even if

workers are able to identify advantages compared to classical

robots, they nevertheless expect cobots to have a negative

impact on the availability of jobs [91].

Consequently, those concerns should be considered in in-

ternal top-down communication strategies. Besides avoiding

fear of job loss, employees’ feeling of being informed (M =

4.75) and employees’ support for the introduction (M = 4.16)

are among the most important factors on human operator lev-

el. This strengthens the necessity to inform staff properly and

transparently about the impending change and the correspond-

ing benefits for them [98]. In order to raise acceptance, com-

pany representatives should state clearly that cobots are gen-

erally no appropriate means for substituting but rather for

complementing the human work force. Furthermore, em-

ployees should be provided with reasons and expected advan-

tages that led to the decision for the cobot introduction.

Although the need to inform staff is common sense in change

management literature, an exploratory case study in the indus-

trial context revealed a lack of employees’ knowledge on how

a cobot introduction would change their daily work routines

[98]. Even if management is well-aware of the need to inform

staff, the actual implementation and execution of communica-

tion strategies frequently show deficits [53]. However, a high

involvement of employees in the cobot introduction process

has the potential to evoke a feeling of participation and iden-

tification with the project and to encourage employees to sup-

port the initiative. According to the rating results, the involve-

ment of unions in the introduction process does not seem to be

a necessary but a helpful prerequisite (M = 3.53).

5.3 Trust in the cobot

Trusting the cobot prior to its introduction (M = 4.05) as well

as during operation phase (M = 4.48) is the most important

human factor during the decision and the operation phase,

respectively. This demonstrates that company representatives

acknowledge the relevance of soft, employee-related aspects

and do not merely focus on the system’s functionality.

Employees’ trust in the cobot is also considered a crucial

aspect in research literature and has been found to depend

on social and emotional factors [99]. Trust can be conceptu-

alized as a necessary yet not sufficient prerequisite for suc-

cessful HRI [100] and cobot acceptance [101]. However, trust

evolution begins before the actual implementation of a cobot,

that is, before the reliability becomes apparent. Therefore,

initial trust prior to actual interaction and dynamic trust during

interaction should be differentiated, as it is done within the

widely used trust in automation model by [102], one of the

most comprehensive models in this domain [103]. According

to this model, trust can be divided into three components,

namely dispositional, situational, and learned trust. Whereas

dispositional and most situational factors can hardly be influ-

enced, initial and dynamic learned trust result from an em-

ployee’s mental model of the robot, that is, an internal repre-

sentation of the cobot’s characteristics from which actual ex-

pectations are derived and which is continuously modified by

experiences [104, 105].
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During the operation phase, it is evident that the

(perceived) actual reliability of the cobot (M = 4.81), defined

as coincidence between employees’ expectations and actual

observations, mainly determines the level of trust [106]. Trust

in the robot often increases when working with the robot for

the first time, since the employee can become familiar with the

robot through contact with it [107]. Additionally, the fluency

and predictability of cobot movements increases dynamic

trust and is hence attributed a high importance rating. These

two aspects combine to form a so-called functional compo-

nent of trust, which determines to what extent employees ac-

tually rely on the cobot. Apart from those functional issues,

especially initial trust can be influenced by internal top-down

communication strategies. Measurements for influencing ini-

tial trust are more subtle and complex. They aim at fostering

employees’ willingness to accept the cobot in advance, and to

develop an appropriate mental model which allows for posi-

tive experiences during the interaction. Since trust evolves in a

non-linear way and is especially vulnerable during first inter-

actions, it is decisive that the latter are perceived as positive.

Many good experiences are necessary to compensate for a

single negative experience [108, 109].

Hence, it seems reasonable for company representatives to

address the issue of employees’ trust. Their goal should be to

calibrate the trust level in an appropriate manner, that is, em-

ployees should neither over- nor underestimate the capabilities

of the cobot, because this could lead to its misuse or disuse

[110]. In case of misuse, an operator would probably rely too

much on the robot and thereby overlook its drawbacks and

failures. In case of disuse, an operator would refuse to rely on

the cobot and hence, would not realize its potential.

Surprisingly, though, according to the literature many fac-

tors, which serve to increase trust in the cobot, were attributed

only minor importance in the survey. This refers particularly

to factors influencing affective trust. Whereas cognitive trust

is based on (rational) knowledge about the device, affective

trust originates from a spontaneous and thoughtless reaction

to the devices, which can be influenced by subconscious

mechanisms like anthropomorphizing the robot [111]. This

affective response can be improved for example by giving

the cobot a human-like name (M= 2.31), a human-like design

(M= 2.15), or a likeable design (M= 2.73), all factors that are

considered less important. This also holds true for perceiving

the robot as some kind of colleague (M = 2.91). These find-

ings suggest that company representatives are not aware of

measures for enhancing human-robot trust, although they ac-

knowledge its importance in terms of the success of the HRI

solution. This is in line with findings by [53] indicating that

acceptance is considered important by company representa-

tives, but rarely sufficiently addressed in practice in the im-

plementation process. Although many decision-makers in the

production sector know about the ineffectiveness of a purely

technocratic implementation approach, they often fail to

establish a process that fosters acceptance, because they prob-

ably underestimate the impact of subtle yet influential mea-

sures to alter (affective) trust development.

5.4 Appropriate cobot configuration

At first glance, it becomes obvious that factors on working

system level like the suitability of the whole production pro-

cess (M = 4.57), task allocation (M = 4.60), as well as the

positioning of working materials (M = 4.49) at the new cobot

workstation are overall of highest importance. Company

decision-makers seem to consider cobots as a solution, whose

success depends to a high degree on the possibility to be

fluently integrated in an existing process. The latter should

be carefully selected and analyzed in advance, as not every

process is suitable for implementing a human-cobot work sys-

tem. This illustrates the complexity companies face even early

in the decision phase, because they need to have considerable

knowledge on the necessary prerequisites for an optimal

workstation configuration. Furthermore, they recognize the

necessity of adjusting the cobot configuration according to

the employees’ demands. For instance, practitioners consider

it quite important to adjust the cobot’s working speed to the

speed of the employee (M = 4.15), which helps to avoid an

increasing stress level. It is notable that adjusting the working

speed of the cobot was more important than maximizing it (M

= 4.02). Aligning the cobot’s position to the employee’s body

dimensions was considered average important (M = 3.57).

The same holds true for employee demographics (M = 3.23)

like age, gender, and cultural background, although prior re-

search reveals that individual as well as cultural factors shape

the acceptance of cobots, since they are often related to the

affinity for technology [112].

5.5 Financial factors

With regard to financial factors, one-time acquisition (M =

3.60) and maintenance costs (M = 3.69) are considered less

important than ongoing operational costs (M = 4.26) which

have a larger impact on key indicators like unit costs from a

long-term perspective. However, it has to be admitted that cost

calculation represents another key challenge because the attri-

bution of value-added to the human operator and the cobot is

fuzzy in joint human-cobot teams and total costs exceed one-

time acquisition costs of the cobot itself [41].

Overall, comparing the ratings for financial factors with the

number of mentions in the open-ended questions reveals a

discrepancy between salience and importance of factors.

Participants provided 251 meaningful answers in the free text

fields, which we clustered into different groups, as shown in

Fig. 7.

Financial aspects were mentioned by far most frequently,

followed by production flexibil i ty, handling and
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programming, attractive working conditions, and occupation-

al safety. Financial factors seem to come quickly into the

minds of participants although they are attributed only average

importance. A comprehensive list of success factors as pro-

vided in this framework could help to overcome discussions

primarily driven by financial considerations, thereby

overshadowing other important success factors.

5.6 Independence of company goals

In order to examine whether the importance of success factors

depends on the goal that drives the cobot introduction, we

conducted a one-way multivariate analysis of variance

(MANOVA) with the presented scenario as independent var-

iable (three levels) and the evaluated possible success factors

as dependent variables. As MANOVA is regarded robust

against violations of the assumption of normal distribution

[113], MANOVA was used although data was not normally

distributed. Correlations between dependent variables were

low (r < .90), indicating that multicollinearity was not a con-

founding factor in the analysis. No multivariate outliers were

found, as indicated by Mahalanobis distance (p > .001). The

analysis revealed no significant effect, F(82,76) = 1,05, p =

.415; Wilks’ Λ = .220, which means that success factors are

overall independent of the goal associated with cobot intro-

duction. This facilitates generating a comprehensible list of

success factors and recommendations to foster cobot

implementations applicable to a wide range of companies fac-

ing different challenges and pursuing different goals.

However, Fig. 8 shows some remarkable discrepancies in

the rating of some success factors dependent on the goal. In

the following, we discuss comparably large discrepancies

(90% percentile of discrepancies).

Most differences can be found between the productivity

and flexibility scenario. Not surprisingly, the cobot’s mobility

and adaptability as well as its positioning in relation to work-

ing materials at the workstation is much more important if a

company is seeking to increase the flexibility of their produc-

tion. Short changeover times and quick tool changes enable

the necessary adaptability of the system and hence a high level

of production flexibility [114]. Cobots’ suitability for flexible

production environments (e.g., [32]) and the growing demand

for greater product diversity and product individualization

(e.g., [115]) make the standardized handling of errors while

introducing the cobot highly relevant. Hence, well-established

standard procedures for troubleshooting are considered more

important for improving flexibility than for increasing

productivity.

Deviations from the standardized work practice by human

interaction partners could cause the HRI to fail. For example,

if an employee does not place a certain workpiece in the pre-

defined joint hand-over area with the cobot, the latter is unable

to proceed unless cobots are equipped with artificial intelli-

gence for object recognition and independent planning of tra-

jectories and work steps. Well-defined detailed manuals on

how to perform the manual work avoids unintended cobot

behaviors, defects, or downtimes. Additionally, also in case

of a defect, employees should know how to perform trouble-

shooting to re-start the working process without losing much

time. In a flexible production environment, in which the robot

is required to adapt regularly to different production process-

es, it is of increasing importance to have these manuals pre-

pared for each process.

Furthermore, flexibility seems to pose increased demands at

employees. Their self-confidence and prior knowledge of robot

programming are considered of superior importance. Company

representatives probably consider programming skills necessary

Fig. 7 Success factors mentioned

in free text fields (clustered) with

number of mentions
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for adapting the cobot to different tasks. Self-confidence might

be necessary to cope with different application scenarios without

being afraid of dealing with changes.

On the contrary, for the productivity scenario, indicators

influencing costs per unit like acquisition costs and mainte-

nance duration are of superior importance. Additionally, an

appropriately sized cobot, which is adjusted to the body dimen-

sions of the human operator, is considered crucial. It is note-

worthy that this adjustment is obviously considered as a means

to increase productivity and fluency of HRI rather than as a

means for enhancing ergonomics and in turn job attractiveness.

The fact that company representatives acknowledge the impor-

tance of a suitable configuration of the cobot, which has to form

an optimal working system with the corresponding human op-

erator, underpins the notion of human-robot teams as socio-

technical systems.

Surprisingly, only a few discrepancies compared to the job

attractiveness scenario were identified, although this scenario

Fig. 8 Perceived importance of success factors for cobot introduction based on empirical research (bar chart)
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is the only one that focuses primarily on employees’ satisfac-

tion instead of production characteristics. Company represen-

tatives highlight the differences between the other two scenar-

ios, with which they are probably more familiar. Some factors

such as the ergonomics of the workstation have not been

considered as significantly more important for the job attrac-

tiveness condition. This might stem from little knowledge and

awareness about aspects facilitating job attractiveness.

6 Limitations

Sincewe recruited participants via a panel provider, we cannot

be sure whether the given company details are true. However,

random manual checks did not indicate any implausibility

within our data. The empirical data relies on evaluations of

practitioners who are by nature subjective. We are unable to

derive any information about whether the success factors are

indeed important. To objectify the subjective evaluations,

large databases with information about the development of

companies’ performance metrics before and after cobot

implementations would be necessary. Additionally, it remains

unclear whether the collection of success factors was exhaus-

tive. A broader search including additional scientific databases

as well as full text instead of title search could have revealed

some additional factors. However, it can be assumed that the

most relevant success factors were covered because practi-

tioners did not frequently mention additional factors in free-

text fields.

While the framework and the included success factors are

globally representative, the assessments of importance relies

on a sample of German company representatives. Therefore,

these empirical results cannot be generalized to other coun-

tries, especially since previous studies highlight the influence

of a subject’s culture on their general attitude toward robots

and their willingness to work with them [116]. However,

cross-natural studies revealed that individual factors are usu-

ally more important than country-specific ones when it comes

to robot acceptance at work, which suggests that results

should be transferrable to other countries at least to some

extent [112]. Thereby, it has to be taken into account that

the density of industrial robots in Germany is far above aver-

age with 338 units per 10,000 employees compared to 99 units

per 10,000 employees worldwide [1]. Additionally, Germany

is a technology-oriented country with a comparably high de-

gree of automation, which is associated with high robot ac-

ceptance and experience in integrating them in production

lines [112], and with a comparably high shortage of skilled

workers which puts job attractiveness into focus [61].

Therefore, importance ratings might differ in countries with

different characteristics in that factors related to the well-being

of employees might be assigned less importance in countries

with an abundant supply of labor for instance.

Furthermore, the lack of significant effects across scenarios

could possibly be due to the limitations resulting from the very

specific target population. However, the sample size is rela-

tively large compared to similar studies. Additionally, it is

possible that subjects were not aware enough of the presented

company scenario and judged the presented success factors

based on their real company’s context. Due to the many suc-

cess factors, results could have suffered from fatigue. This

would also explain the lack of significant deviations across

scenarios for success factors that were expected to differ from

a theoretical viewpoint.

7 Conclusion and outlook

Given the high potential of cobots as an advanced future

manufacturing technology, which is currently insufficiently

realized in practice, we aimed at identifying important success

factors for cobot introduction in enterprises from a theoretical

as well as a practical perspective. First, we developed a com-

prehensive framework conceptualizing human-robot teams as

socio-technical systems and extracted success factors from

research literature. Second, we assessed the latter’s perceived

importance from the viewpoint of practitioners dependent on

three fictitious company scenarios, in which the cobot imple-

mentation is associated with an increase either in production

flexibility, in productivity, or in job attractiveness.

Our results emphasize the importance of several topics also

discussed in literature such as (perceived) occupational safety

and avoiding fear of job loss. Practitioners seem to lack a clear

picture of what determines their workers’ trust in a cobot and

how to influence trust particularly prior to the actual cobot

implementation by appropriate communication strategies.

Furthermore, they seem to underestimate the complexity of

robot programming, while acknowledging the need to find

specific targeted and individually configured solutions to in-

tegrate a cobot into the existing production system. Financial

factors come quickly to mind, but this high saliency should

not be confused with high importance and thus, financial con-

siderations should not primarily drive decisions. Overall, suc-

cess factors seem to be largely independent from the goal a

company seeks to achieve by introducing a cobot. This eases

the development of a widely generalizable framework of suc-

cess factors.

Finally, we call for a greater alignment of HRI research on

business needs, stressing the demand for studies outside the

lab. Application-oriented research projects should foster

bringing relevant research results in practice. This refers par-

ticularly to complex and interdependent topics like fear of job

loss and (affective) trust, which heavily influence acceptance.

Since there is often a thin line between perceiving a cobot as a

mistrusted opponent or as a trustworthy supporting device,

company managers should be aware of the underlying

700 Int J Adv Manuf Technol (2021) 112:685–704



dynamics in order to be able to develop appropriate commu-

nication strategies, which are often missing in practice [117].

Further studies should examine whether and to what extent

these subjective opinions correspond to objective data.

Therefore, representative and systematic pre-post-studies be-

fore and after introducing a cobot are needed. This could also

generate more precise future research directions, inform cobot

designers, and enhance the practical impact of HRI research.
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