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Abstract 

In today’s business environment, the trend towards more product variety and customization is unbroken. Due to this development, the need of 
agile and reconfigurable production systems emerged to cope with various products and product families. To design and optimize production
systems as well as to choose the optimal product matches, product analysis methods are needed. Indeed, most of the known methods aim to 
analyze a product or one product family on the physical level. Different product families, however, may differ largely in terms of the number and 
nature of components. This fact impedes an efficient comparison and choice of appropriate product family combinations for the production
system. A new methodology is proposed to analyze existing products in view of their functional and physical architecture. The aim is to cluster
these products in new assembly oriented product families for the optimization of existing assembly lines and the creation of future reconfigurable 
assembly systems. Based on Datum Flow Chain, the physical structure of the products is analyzed. Functional subassemblies are identified, and 
a functional analysis is performed. Moreover, a hybrid functional and physical architecture graph (HyFPAG) is the output which depicts the 
similarity between product families by providing design support to both, production system planners and product designers. An illustrative
example of a nail-clipper is used to explain the proposed methodology. An industrial case study on two product families of steering columns of 
thyssenkrupp Presta France is then carried out to give a first industrial evaluation of the proposed approach. 
© 2017 The Authors. Published by Elsevier B.V. 
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1. Introduction 

Due to the fast development in the domain of 
communication and an ongoing trend of digitization and
digitalization, manufacturing enterprises are facing important
challenges in today’s market environments: a continuing
tendency towards reduction of product development times and
shortened product lifecycles. In addition, there is an increasing
demand of customization, being at the same time in a global 
competition with competitors all over the world. This trend, 
which is inducing the development from macro to micro 
markets, results in diminished lot sizes due to augmenting
product varieties (high-volume to low-volume production) [1]. 
To cope with this augmenting variety as well as to be able to
identify possible optimization potentials in the existing
production system, it is important to have a precise knowledge

of the product range and characteristics manufactured and/or 
assembled in this system. In this context, the main challenge in
modelling and analysis is now not only to cope with single 
products, a limited product range or existing product families,
but also to be able to analyze and to compare products to define
new product families. It can be observed that classical existing
product families are regrouped in function of clients or features.
However, assembly oriented product families are hardly to find. 

On the product family level, products differ mainly in two
main characteristics: (i) the number of components and (ii) the
type of components (e.g. mechanical, electrical, electronical). 

Classical methodologies considering mainly single products 
or solitary, already existing product families analyze the
product structure on a physical level (components level) which 
causes difficulties regarding an efficient definition and
comparison of different product families. Addressing this 
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Industry 4.0 and the digitization provides unprecedented technological opportunities for digital Shopfloor Management (dSFM) in a globalized
world. Nevertheless, technology, involves millions of workers, each with different backgrounds, expectations and dreams. Thus, the effectiveness
of implementing dSFM depends on the acceptance of local workers. Therefore, we proposes an acceptance model for dSFM, which can be used to
evaluate the local and individual acceptance of dSFM in global manufacturing. The results of a preliminary validation showcase this localization
need. In a nutshell, global manufacturing and its digitization solely achieve future proofness by local worker acceptance and the implementation
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1. Introduction - Acceptance for digital Shopfloor Manage-
ment

Progressive digitization and Industry 4.0 are currently per-
manently changing existing production systems [21]. Produc-
tion systems constitute a vital element of global production
networks, however, the socio-technical nature of manufactur-
ing makes their performance heavily dependant on local skills
and knowledge [17]. As global production networks are delib-
erately planned [17] and strategically localized [18], Shopfloor
Management and its acceptance is crucial for maintaining com-
petitiveness. Due to the disruptive nature of these changes in-
voked by digitization and innovation, not only the technologies
applied are changing, but increasingly the associated organi-
zations and management systems change [13]. The Shopfloor
Management, is, thus, directly affected by these changes [3].
Against this background Shopfloor Management, its localiza-
tion and acceptance have to challenged repeatedly.

Due to the advancing digitization of sensor technologies,
real-time capable Shopfloor Management is becoming realistic
[3]. The prerequisite for transparency, however, is not only col-
lected data, but also the sensible, target-oriented and compre-
hensible processing of this data into key performance indicators
[21]. With the help of these key figures, production can then be

controlled directly on the Shopfloor in daily Shopfloor Meet-
ings and decentralized self-organization of production teams
can be realized, resulting in highly efficient production sys-
tems [13]. However, the increased transparency and associated
digitization of Shopfloor Management pose challenges [3]. For
example, the potentials identified can only be realized when
Shopfloor Management is successfully implemented at all hi-
erarchical levels in the company. A frequent challenge is the
acceptance of employees for a real-time capable and Shopfloor
Management (dSFM).

Acceptance is not only necessary in the context of the in-
troduction of (digital) Shopfloor Management, but also during
its application in the daily management work in production.
For this reason, this paper presents an acceptance model which
shows influencing and success factors of Shopfloor Manage-
ment and can therefore be used to determine the success and
acceptance of Shopfloor Management. Relevant research work
is presented in Section 2. Based on this, Section 3 presents and
explains the development of the acceptance model as well as its
individual components. A brief discussion follows in Section 4
and the paper is concluded in Section 5.
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2. State of the Art - Relevance of an acceptance model for
digital Shopfloor Management

In order to be able to evaluate the existing research ap-
proaches in a structured way, the following criteria are defined,
which also function as requirements for the acceptance model
developed hereafter. The first three criteria relate to dSFM and
its holistic, customizable nature through toolboxes [14] (criteria
1), the integration of maturity models to asses a status quo [3]
(criteria 2) and the phase-based road-mapping implementation
approach [21] (criteria 3). Criteria 4 and 5 require external fac-
tors such as human-centeredness [13] to be recognized (criteria
4) and specific acceptance fostering measures [14] to be pre-
sented (criteria 5). The following two criteria relate to the op-
erationalization of acceptance through explicitly regarding in-
terrelations (criteria 6) and validate progress through surveys
(criteria 7). Finally, criteria 8, necessitates a possible adaption
of the acceptance model to address challenges in the local adap-
tion of the Shopfloor Management in global manufacturing.

1. Presentation of a method toolbox for dSFM
2. Consideration of a maturity model
3. Phased approach for the operational implementation of

dSFM
4. Consideration of factors influencing acceptance
5. Naming of specific measures for fostering acceptance
6. Consideration of the relationships between acceptance fac-

tors and acceptance measures
7. Usage of employee surveys
8. Consideration of challenges in the local application

2.1. Literature Review

Kandler et al. [13] develop a model for the introduction of
Industry 4.0 taking into account people, technology and organi-
zation that supports companies in adapting their socio-technical
work system to digitization. The basis for this is that exist-
ing implementation strategies often focus solely on technol-
ogy and decentralized decision-making by employees. A socio-
technical implementation strategy for dSFM, including accep-
tance measures, is therefore developed. The result is a step-by-
step approach with suitable implementation methods in each
case and acceptance methods linked to them. The next imple-
mentation steps are selected based on the current readiness for
change and the state of development. Lanza et al. [19] present a
maturity-based action guide to support companies in introduc-
ing individually tailored Industry 4.0 methods. With the help of
so-called ”quick checks” and the maturity model, the 4.0 meth-
ods that fit the respective situation of a company are identified
and prioritized. A toolbox of potential Industry 4.0 methods is
provided for this purpose. Liebrecht et al. [21] extend this ap-
proach and envision localization in global production networks.
Meissner et al. [26], Moica et al. [28], Meißner et al. [25], Bretz
et al. [3] also deal with maturity levels and phased implemen-
tation of dSFM. Based on existing acceptance research, Ullrich
et al. [38] develop a model for a complete spectrum of behavior,
from opposition to tolerance to acceptance, and relate this to

change management measures. The work identifies individual
willingness to change and ability to change as crucial factors in-
fluencing acceptance, which must be promoted with measures.
The developed model enables the evaluation of the effectiveness
of measures on the influencing factors. Molino et al. [29] exam-
ine the personal and organizational prerequisites for technology
acceptance in the context of Industry 4.0. Reasons for employee
resistance to the introduction of new technologies as well as
positive factors influencing acceptance are provided. For in-
stance, a positive correlation is found between resilience, infor-
mation and training opportunities and technology acceptance,
which in turn is positively related to work engagement. A three-
stage approach to change leadership actions is proposed to pro-
mote technology acceptance: a company-wide information and
communication program, technical and social training for all
employees, and specific training programs to develop effective
users of the new technology. Venkatesh and Bala [39] develop
the ”Technology Acceptance Model 3” (TAM 3) in their work.
It describes the need for an understanding of how the known
factors influencing employee IT use can be addressed through
measures. This understanding should enable managers to select
specific measures to promote acceptance and IT use. The un-
derlying TAM [8] describes these two factors influencing inten-
tion to use IT: perceived usefulness and perceived ease of use.
The TAM 3, its predecessor TAM 2 and its extensions [23, 40]
provide, in varying degrees and detail, external determinants of
influence on the two basic determinants of TAM. The TAM 3
supports employees in making decisions about IT use and man-
agers in making decisions about the design of the IT imple-
mentation process. Several research approaches deal with the
factors influencing acceptance. Jurburg-Melnik [12] develops a
model to understand the factors influencing employee partic-
ipation in the continuous improvement process, lacking both
global application and the localization of measures. Sorko et al.
[37] explore which factors influence employee acceptance of
the digital technologies ”augmented reality” and ”virtual real-
ity”. Bateh et al. [2] categorize different types of employee re-
sistance to organizational change. Long and Spurlock [22] pro-
vide factors influencing acceptance, reasons for employee re-
sistance to change, and recommendations for management on
how to design the implementation of new technologies. Müller
[30] addresses social barriers and concerns of employees in the
introduction of Industry 4.0. Clausen et al. [6] examine the bar-
riers and driving forces for the introduction and use of digital
Shopfloor Boards.

The following Table in Fig. 1 shows a complete overview
and evaluation of existing research approaches and clusters
their relation to the earlier introduced requirements about
dSFM, acceptance model provision, acceptance operationaliza-
tion and localization for application in global manufacturing.

2.2. Research gap

Based on the provided research review, it becomes clear that
there is no approach in existing research that fulfills all of the
requirements placed on an acceptance model, with the work of
Kandler et al. [13] representing the most advanced approach.
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Moreover, there is no approach in the research that takes into ac-
count that the acceptance of SFM depends on local challenges
at the particular production site, especially on the prevailing
culture there. When selecting a location, the local culture needs
to be factored in. The implementation of SFM is therefore also
dependent on the culture at the respective location [17]. With
the exception of Kandler et al. [13], most research approaches
consider only two or three of the posed requirements and are
therefore not comprehensive or complete. By far the most con-
sidered evaluation criterion is that of factors influencing ac-
ceptance. Acceptance factors are, thus, quite extensively stud-
ied in the existing literature. However, the known acceptance
factors are rarely linked or associated with the other require-
ments. For example, there is a lack of necessary connections
between acceptance factors and potential measures to increase
acceptance. The criteria most often considered after acceptance
factors are that of the maturity model and that of the phased
approach to operational implementation of dSFM. The evalua-

tion also shows that the existing literature has little reference to
dSFM. Thus, much of the research on acceptance does not take
place in the context of dSFM. In particular, toolboxes for dSFM
rarely exist. There is also a lack of measures to promote accep-
tance and to target the multitude of known acceptance factors.
Regarding the operationalization of acceptance, the necessary
effective relationships between acceptance factors and accep-
tance measures are established only sporadically and to a lim-
ited extent. Employee surveys to determine the maturity and
development stage of an organization are also rarely considered
and only used in two research approaches. This state of research
clearly shows the need for a comprehensive acceptance model
that takes all requirements into account and brings them in line
with each other in order to close the identified research gaps.
It is necessary to unify and extend the existing approaches to
develop a model that provides an added value to research in
particularly to the industry in the practical implementation of
dSFM and potential application in global manufacturing.

3. Acceptance Model for digital Shopfloor Management

In order to develop an acceptance model, a systematic lit-
erature search is conducted to identify the factors influencing
acceptance that are relevant in the context of this paper and to,
thus, map existing research. The existing literature is searched
for the keywords “(digital) Shopfloor Management”, “Change
Management”, “Industry 4.0” and their combination with the
keywords “acceptance factors”, “employee acceptance”, “in-
creasing acceptance”, “technology acceptance” as well as “im-
plementation”, “challenges” and “instruments”.

3.1. Acceptance Model and acceptance factors

In the following section the identified factors influencing ac-
ceptance are reviewed. Since these are related in a hierarchical
effect relationship, a target system for acceptance is developed.
For this purpose, a distinction is made between three different
parameters:

• target parameter: superordinate parameter that is to be
optimized
• regulating parameter: Parameter that directly influences

the target parameter
• manipulating parameter: Parameter that indirectly influ-

ences the target variable via the controlled parameter.

Acceptance is the target parameter that is to be optimized
via the target system. The regulating parameters for acceptance
are also called acceptance factors here. The following Fig. 2
shows the developed target system for acceptance.

3.1.1. Change readiness
The first acceptance factor is change readiness, which is

most commonly defined as a persons beliefs, attitudes, and in-
tentions about the extent to which change is required and the

3
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therefore not comprehensive or complete. By far the most con-
sidered evaluation criterion is that of factors influencing ac-
ceptance. Acceptance factors are, thus, quite extensively stud-
ied in the existing literature. However, the known acceptance
factors are rarely linked or associated with the other require-
ments. For example, there is a lack of necessary connections
between acceptance factors and potential measures to increase
acceptance. The criteria most often considered after acceptance
factors are that of the maturity model and that of the phased
approach to operational implementation of dSFM. The evalua-

tion also shows that the existing literature has little reference to
dSFM. Thus, much of the research on acceptance does not take
place in the context of dSFM. In particular, toolboxes for dSFM
rarely exist. There is also a lack of measures to promote accep-
tance and to target the multitude of known acceptance factors.
Regarding the operationalization of acceptance, the necessary
effective relationships between acceptance factors and accep-
tance measures are established only sporadically and to a lim-
ited extent. Employee surveys to determine the maturity and
development stage of an organization are also rarely considered
and only used in two research approaches. This state of research
clearly shows the need for a comprehensive acceptance model
that takes all requirements into account and brings them in line
with each other in order to close the identified research gaps.
It is necessary to unify and extend the existing approaches to
develop a model that provides an added value to research in
particularly to the industry in the practical implementation of
dSFM and potential application in global manufacturing.

3. Acceptance Model for digital Shopfloor Management

In order to develop an acceptance model, a systematic lit-
erature search is conducted to identify the factors influencing
acceptance that are relevant in the context of this paper and to,
thus, map existing research. The existing literature is searched
for the keywords “(digital) Shopfloor Management”, “Change
Management”, “Industry 4.0” and their combination with the
keywords “acceptance factors”, “employee acceptance”, “in-
creasing acceptance”, “technology acceptance” as well as “im-
plementation”, “challenges” and “instruments”.

3.1. Acceptance Model and acceptance factors

In the following section the identified factors influencing ac-
ceptance are reviewed. Since these are related in a hierarchical
effect relationship, a target system for acceptance is developed.
For this purpose, a distinction is made between three different
parameters:

• target parameter: superordinate parameter that is to be
optimized
• regulating parameter: Parameter that directly influences

the target parameter
• manipulating parameter: Parameter that indirectly influ-

ences the target variable via the controlled parameter.

Acceptance is the target parameter that is to be optimized
via the target system. The regulating parameters for acceptance
are also called acceptance factors here. The following Fig. 2
shows the developed target system for acceptance.

3.1.1. Change readiness
The first acceptance factor is change readiness, which is

most commonly defined as a persons beliefs, attitudes, and in-
tentions about the extent to which change is required and the
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Fig. 2. Target system for the acceptance of shopfloor management

organizations ability to successfully implement those changes
[33]. Change readiness is not a fixed characteristic but a vari-
able state that can change over time, depending on a persons
experience within the organization and its culture during the
change phase [10]. Thus, employees also have different lev-
els of change readiness at different points in time. Aspects
such as experience and motivation to recognize the urgency
of change [2], knowledge about as well as ability to change
[6, 37], and willingness to take risks [22] can also be allocated
to change readiness. The following four manipulating param-
eters for change readiness can be identified from the litera-
ture: willingness to change [5, 20, 22, 37], innovation mindset
[5, 37], technology affinity [23, 29, 30, 38] and competence for
the change implementation [6, 37].

3.1.2. Explainability & Transparency
The second acceptance factor is explainability, which is here

is used in combination with the term transparency and stands
for the comprehensibility of issues and the change processes
themselves. For employees, all information about the imple-
mentation process is available and they can comprehend and
understand the approach, the solutions, and the decisions. Ex-
plainability also includes the exchange between managers and
employees and their joint learning process, in terms of the
understandability, manageability and reasonability of dSFM
[4]. Five manipulating parameters for explainability and trans-
parency can be identified from the literature. These are com-
petence [37], communication [24, 34, 36, 38], participation
[5, 9], shopfloor transparency [13, 14, 16] and data transparency
[6, 7, 41].

3.1.3. User-friendliness
User-friendliness is the third acceptance factor and describes

the characteristics of systems to be easy to learn, effective
to use, and aligned with users’ ways of thinking and work-

ing. User-friendliness is manipulated by data transparency,
software security and user-centeredness [30, 38, 27]. User-
centeredness is thereby composed of task appropriateness, self-
descriptiveness, controllability, compatibility to expectations,
failure tolerance, customizability, consistency, support and ease
of learning [35]. Task appropriateness means that all informa-
tion and functions are provided to the user for task performance
without being disruptive. Compatibility describes a system de-
sign that fits the users thinking capacity and thus minimizes
the users cognitive transformation steps. A system is failure-
tolerant if it allows format-free and variable input. A customiz-
able system allows users to adjust the user interface according
to their own needs. A consistent system meets user expecta-
tions for reliability, predictability, and predictability. Support
here means that the system can provide help or information.
[35] These criteria can be complemented by the utility of the
system [12, 29, 31] as well as its performance and stability [38].
User-friendly systems should be designed in a user-centric way
[34].

3.1.4. Culture & Climate
Culture and climate represent the fourth acceptance factor,

which represents both the ethnic culture at a production site and
the corporate culture. The ethnic culture must be taken into ac-
count because the cultural conditions at a production site influ-
ence the implementation of SFM. For example, an SFM imple-
mentation strategy that is successful in Germany does not nec-
essarily have to be successful in Eastern Europe. Corporate Cul-
ture can be described via common fundamental assumptions,
core values that are communicated to the public, internal cor-
porate values, norms and artifacts [11]. Zettl et al. [42] describe
corporate culture as the result of a collective learning process
within the organization in which successful beliefs, values and
behaviors are passed on as core assumptions to new members
of the organization. The resulting corporate culture guides the
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actions, feelings, perceptions and thoughts of managers and em-
ployees. The authors develop a values-based organizational cul-
ture in which employees can rely on the values practiced, can
act on their own responsibility within certain limits, and man-
agers see themselves as coaches [42]. Regarding acceptance,
a climate of support [29], commitment [1], and psychological
safety for all employees [15] should also be considered. Culture
and climate differ in the same company on the globe [17] and
are manipulated by the leadership [22, 30] the employee experi-
ences with previous changes and their success [5], as well as the
parameter team, which refers to clear roles and responsibilities
[32] and the cooperation between departments [30].

3.2. Acceptance improvement process

The defined acceptance factors including their manipulating
parameters form a target system for the acceptance model with
acceptance as the target parameter to be optimized. A five step
process is proposed in order to improve the acceptance of dSFM
by local employees in Fig. 3. In the first step each acceptance
factor is transformed into standardised survey items and a sur-
vey of local employees is performed. While the survey items are
standardized, the key process is surveying employees locally
and not over aggregating responses. Thus, in the second step,
the individual responses from the survey are used to determine
the current level of acceptance. Thirdly, an acceptance increase
is target, based on the observed acceptance and role of the re-
garded production system in a global production network. The
latter refers for instance to lead plants, individual phenotype
and global manufacturing attitude [17]. Since the acceptance of
SFM depends on individuals, the acceptance model is designed
in a modular way and includes a catalog of potential acceptance
measures (on manipulating parameter level). These acceptance
measures are linked to the manipulating parameters of the target
system in the fourth step, which realizes the operationalization
of acceptance. Thus, in the fifth step, based on the item surveys,
appropriate acceptance measures can be selected in a targeted
manner for each individually considered SFM team to promote
acceptance. The individual consideration of acceptance is im-
portant because even if two different teams show the same low
level of acceptance, the reasons for this can be very different.
The acceptance model therefore provides a steady target sys-
tem of acceptance and a constant catalog of acceptance mea-
sures, but the actual acceptance measures used differ depending
on the individual survey results of the employees in the different
teams and the different production sites.

Fig. 3. Five step process to improve dSFM acceptance with localized measures

The presented acceptance improvement process is gener-
alized and has to be targeted to the individual company, re-
gion and production system with respect to survey intensity
and individualized acceptance measured that are feasible within
the individual setting. However, realizing an operationalization
through frequent follow ups is crucial in all settings, as accep-
tance is time-variant [2] and influenced by the selected mea-
sures.

4. Discussion

Shopfloor Management and its digitization can only strive
if acceptance by local employees is high. Thus, it is impor-
tant to measure the acceptance and select targeted measures for
increase. As a validation the process was conducted within a
two day workshop and 12 employees in Germany and a sub-
sequent follow comparison with individual experiences from
Chinese colleagues. The results of the preliminary workshop
suggest that a low digitization competence and missing innova-
tion mindset hindered the acceptance of a Shopfloor Manage-
ment digitization in Germany. As a reaction improvement can
be given through advanced training and innovation workshops.
On the contrary, in the other group culture affected by low mis-
take tolerance leadership styles is a major issue. This can dealt
with through training of the leadership personnel.

Nevertheless, the results, due to the survey based nature of
the approach, cannot be holistically pieced together, to a gen-
eral analysis. For an in-depth analysis not only of measures
that increase the acceptance but time-spatial improvement ob-
servation, a larger study group with frequent follow up surveys
and continuous measure implementation are necessary. Addi-
tionally, the mapping from measures to their effects could be
summarized after several successful applications.

5. Conclusion and Outlook

In summary, a target system is developed which evaluates
and explains the success and acceptance of Shopfloor Manage-
ment. By combining this with targeted and iterative employee
pulse surveys, targeted measures can be taken with the aim
of increasing the benefits and acceptance anywhere in global
manufacturing. The key advantage of this locality agnostic ap-
proach is the integration of employee surveys that in contrast of
deriving global averages develop acceptance through localized
measures, based on local culture, change readiness and survey
results. This allows employees to be actively involved in the
change process, which means that the wishes, requirements and
also fears of employees can be taken into account in the dig-
itization and application of Shopfloor Management in a truly
global manufacturing setting.

In future in-depth follow up work, the developed acceptance
model must be validated over a longer period of time. The cur-
rent evaluation can only provide a snapshot due to its short ap-
plication. Only through the iterative application of the model
over several quarters and years can the effectiveness for mea-
suring the success of Shopfloor Management be determined.
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