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Abstract

Applying lean can boost a firm’s performance significantly by focusing on value-adding activities. Additionally, Industry 4.0 is regarded as
another promising trend in industry. Combining these developments resulted in terms like "lean 4.0". However, the existing literature lacks a
comprehensive and detailed conjunction of both paradigms. This paper builds upon this research gap with a twofold aim: Firstly, the target is to
build upon existing groundwork to conclude whether lean management and Industry 4.0 can complement each other. Secondly, this work
considers how Industry 4.0 can support specific lean methods. This is exemplified by an electric drives production use case.
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1. Introduction

The capability to manufacture individual and personalized
products is the key for success in a globalized and digitally
connected world. Customers are used to receiving specifically
fitted goods for their needs. These high customer expectations
lead to an increase in variant diversity and intensify the
complexity of the production environment [1].

One solution to this issue that reduces complexity within
the industrial area is the Toyota Production System (TPS).
This production philosophy developed by the Toyota Motor
Corporation in the last century aims to reduce waste in the
value chain in order to minimize lead time. By applying this
ideology and permanently focusing on customer value in a
continuous improvement process, Toyota was able to gain a
world leading position in the automotive industry. Nowadays,
the TPS is well known as lean management (LM) or lean
manufacturing and widely deployed as a standard in various
industries. [2, 3]

Another possibility to handle the increasing complexity in
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manufacturing is given by the relatively new research field
Industry 4.0 (14.0). It aims to improve transparency through
the digital linkage of each element involved in the production.
It is based on cyber-physical systems (CPS) which organize
the value creation process by themselves. Another key feature
of 14.0 is the realization of an internet of things (IoT) which
allows a worldwide data communication in real time. [4]

Both production paradigms, i.e. LM & 14.0, are promising
to solve future challenges in manufacturing. Hence, the
question arises if and how these developments can possibly
support each other. Thus, this paper aims to contribute to this
research area. More precisely, the authors provide answers to
the following research questions: How can LM and 4.0
supplement each other on a conceptual level? And which 14.0
tools can support specific lean methods?

Within this paper an initial overview on relevant
groundwork is given and a proposal to link LM and 14.0 in a
conceptual way is developed. Thereby, existing literature is
classified in three research streams. Furthermore, it is shown
how 14.0 tools can contribute to optimizing specific lean
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methods, namely just-in-time (JIT), heijunka, kanban, value
stream mapping (VSM), total productive maintenance (TPM),
single minute exchange of die (SMED), visual management
(VM), and poka-yoke. This evolutionary approach to enhance
lean methods will help scientists as well as practitioners to
design a versatile production system for a constantly changing
environment. Lastly, a use case on applying the machine
learning-based condition monitoring (CM), as well as cloud
computing to TPM exemplifies how both paradigms can act
jointly to improve the production of electric drives. The
authors conclude by discussing the developed concept and
summarizing the key findings.

2. Preliminary work related to lean 4.0

Following Dombrowski et al., the existing literature is
structured into two perspectives: Either LM is considered as a
prerequisite for introducing 14.0 tools or 14.0 tools are
regarded as promoters of LM [5]. Another widely
acknowledged perspective is that the combination of both
topics yields in positive synergies. This is added as a third,
more general perspective. Table 1 gives an overview of
literature which supports these perceptions. After outlining
these three views limitations of extant research are analyzed.

Table 1. Existing perspectives on combing 14.0 and LM

Authors
[6,7,8,9,10,11,12,13,14,15]
[16,17,18,19,20]

[21,22,23]

Perspective
LM as enabler towards 14.0

14.0 advances LM

Positive correlation between LM & 4.0

2.1. Lean management as enabler towards Industry 4.0

Several authors name LM as a prerequisite for the
successful introduction of 14.0 solutions [6, 7, 8]. This is
supported by the hypothesis from Bill Gates that automating
inefficient processes will magnify their inefficiency.
Collectively the insights can be summarized as follows:

e Standardized, transparent, and reproducible processes are
of fundamental significance for introducing 14.0 [6, 9, 10].

e Decision-makers require LM competence for considering
customer value and avoiding waste [7].

e By reducing product and process complexity LM enables
the efficient and economic use of 14.0 tools [6, 14].

Hence, lean processes are regarded as a basis for the
efficient and economic implementation of 14.0. However,
Nyhuis et al. annotate that LM and 14.0 implementation may
influence each other iteratively. Thus, the progression is not
necessarily purely sequential. [24]

2.2. Industry 4.0 advances lean management

Wagner et al. as well as Pokorni et al. describe that lean
processes can be stabilized and refined by applying 14.0 [16,
17]. While Ruettimann et al. emphasize the ability to improve
the flexibility of modern lean production systems, Kolberg
and Zuehlke state that 14.0 can enhance LM [18, 19]. Hence,
14.0 contributes to addressing limitations of LM. Exemplary,
the economic production of goods in a lot size of one is a way
to enhance production economies beyond traditional

economies of scale. Data in real-time improves transparency
and information quality. [12] Moreover, 14.0 is promising to
cope with a fluctuating market demand superior to a levelled
production in LM. Eventually, the increased flexibility
through 14.0 helps to cope with the rising complexity.

2.3. Correlation between lean management and Industry 4.0

Mrugalska and Wyrwicka support the statement that 14.0
and lean can coexist and support each other [23]. In
accordance Vogel-Heuser et al. reject a contradiction between
14.0 and LM [22]. Moreover, committing into 14.0 can help to
overcome existing barriers for implementing lean [21].

For combining LM and [4.0 the extant literature
manifested terms like lean 4.0, lean automation, smart lean
manufacturing, and lean industry 4.0. As elaborated, the
majority of authors approve of the general compatibility of
LM and 14.0. This perspective can be attributed to similarities
concerning targets like the reduction of complexity, central
pillars, and lean principles as a common ground (see Fig. 1).
Accordingly, both paradigms are managed in a decentral way.
Kanban in LM as well as self-organizing systems in 14.0
distribute responsibility in subsystems [6, 25]. Moreover, LM
and I4.0 focus on a pivotal role of employees [6].

productivity, flexibility ~complexity

Use of Decentral Resource Holistic work
automation production employee efficiency, tasks, no
technology management sustainability Taylorism

avoiding waste, continuous improvement,
customer value, value stream, pull, flow, perfection

Fig. 1. Commonalities of LM and 14.0
2.4. Limitations of existing research approaches

Despite the analyzed linkage between the two topics, the
literature research reveals several limitations. Hence, Kolberg
and Zuehlke conclude that a common framework is lacking as
concepts are discussed in an exemplified way without a
structured approach [19]. Moreover, existing contributions
were often found to address LM on a generic level. Hence, the
reference to particular lean methods is often found to be
missing. Solely Wagner et al. use a matrix to illustrate the
impact of eight 14.0 tools on several lean principles which
include specific methods [16]. However, only the influence of
CPS on JIT is described in detail. Thus, this limits the
transparency of the remaining evaluation. Building thereon,
this paper addresses eight specific lean methods instead of
basic principles like waste reduction. Moreover, a wider range
of'14.0 tools is covered. Additionally, a critical discussion and
consideration of limitations is often found to be absent.

This paper addresses the mentioned limitations by
considering previously elaborated recommendations for a
framework. Consequently, this work includes 14.0 tools that
support LM as well as it provides applicable examples. [19]

3. Conceptual conjunction of 14.0 tools and lean methods

As a result of an extensive review of existing literature and
reasonable assessments of the authors, Table 2 depicts a
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matrix to illustrate which 14.0 tools can be utilized to support
the analyzed lean methods. The 14.0 tools are selected based
on reviewing academic as well as corporate publications.
Subsequently, the synergy potentials are elaborated in brief.

3.1. Just-in-time/just-in-sequence 4.0

The lean method JIT/just-in-sequence (JIS) aims to deliver
the right product, at the right time, place and quality in the
right quantity for the right costs. Several 4.0 tools can
contribute to this objective as mentioned in Table 2.

Automated guided vehicles (AGV), for instance, can
transport objects within the material flow automatically. This
minimizes human mistakes as well as empty trips. Besides,
material is supplied to workstations in accordance to the
requirements. In case of obstacles the transportation system
will reroute the vehicle to an alternative path. [25, 26]

Furthermore, intelligent bins and smart products also
pursue self-optimization. A digital object memory stores
every necessary manufacturing parameter. In combination
with monitoring the condition of the transported goods, it is
used to navigate the AGV efficiently. This self-organization
helps to build robust logistics networks for production. [7]

In addition, Auto-ID technology, such as RFID, can be
applied to track material in real-time and to localize objects in
the value chain precisely. This results in reduced search time
as well as improved process transparency. Additionally, part
recognition allows the identification of incorrect components.
Parts can then be removed, which contributes to the idea of
poka-yoke. Moreover, the automated selection of RFID tags
enables continuous stock monitoring which eventually results
in reduced inventory levels. Besides, it facilitates an
automated replenishment process from suppliers. [16, 27]

The JIT/JIS 4.0 method additionally applies big data and
data analytics techniques. The opportunity to analyze detailed
real-time process information provides insights into
parameters, helps to identify trends, and allows to deduce
rules for the production system [28]. Furthermore, a
continuous material flow is supported by reducing machine
downtimes through predictive maintenance actions [29]. In
general, data analysis has the potential to contribute to an
improved system performance of the whole supply chain [16].

Overall, JIT/JIS 4.0 convinces with higher transparency,
shorter lead times and improved flexibility. Apart from this,

Table 2. Combining 14.0 tools and lean methods
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supply chain actors benefit from a better cooperation and an
improved resistance against disturbances.

3.2. Heijunka 4.0

The objective of heijunka is to level the production
program to a constant rate. By solely producing the customer
demand, waste in the form of overproduction is reduced.

Some 14.0 tools contribute to improving heijunka. Data
analytics, for instance, enhances the forecast quality. Planning
is stabilized by using data history in combination with a better
understanding of customer needs through an in-depth analysis
of the market. [7, 26] Besides, new software tools using
advanced analytics can be utilized to support the planning
process itself. For example, the software AnaPro levels the
production program automatically based on product
specification, structure of the technological process,
workplace and sales [30].

Applying heijunka 4.0 benefits in a reduced effort for
levelling the production program. Planning is automated and
short-dated adjustments can be integrated smoothly.

3.3. Kanban 4.0

Kanban aims to retain a continuous material flow by
maintaining a predefined stock level to guarantee an
uninterrupted supply of material. [4.0 can contribute to
enhancing this lean method.

Through simulation methods or a virtual real-time
representation of physical objects based on a
CAD model (digital twin), new kanban loops can be planned
with more foresight and seamlessly integrated into the
existing production environment. Simulation ensures the
identification of ideal kanban parameters like lot size, stock or
delivery frequency. Moreover, external changes can be
included while the system refreshes parameters
autonomously. [19]

By applying Auto-ID, a constant monitoring of work in
process is possible. Hence, transparency of material
movements is increased. This allows a comparison of target
and actual values to remove unnecessary stock. [21]
Additionally, a holistic linkage and improved exchange of
data in production result in a self-organizing system. Thus,
stock level can be reduced to a minimum.

Lean methods JIT/ Hei- TPM VM Poka-
14.0 tools JIS junka  Kanban VSM 1* 2%  3*%%* SMED 5SS Zoning Andon yoke
Additive manufacturing (AM) X X X
Plug and play X X
Automated guided vehicles (AGV) X X
Human-computer interaction (HCI) X X X X X X X
Virtual representation (e.g. VR, AR) X X X X X X
Intelligent bins X
Auto-ID X X X X X X
Digital object memory X X X X
Digital twin/simulation X X X X X X X X
Cloud computing X X X X X
Real-time computing X X X X X X X X X X X X
Big data & data analytics X X X X X X
Machine learning X X X X

* autonomous maintenance, ** planned maintenance, *** early product and equipment management
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The application of AGV can further contribute to a JIT
delivery to the workplace. Refill arrives in the exact moment
when new material is required. Consequently, the material
supply at shop floor level can be realized by using a one-
container-system. [25] Hence, the need to fill several
containers with the same material is omitted.

To summarize the value of the kanban 4.0 method, the
authors conclude that by applying 14.0 tools, stock levels can
be minimized and transparency will increase. In consequence,
the required space drops which ultimately results in cost
savings. Besides, reduced inventory simplifies the detection of
bottlenecks in the production processes. Therefore, causes of
problems can be identified and encountered.

3.4. Value stream mapping 4.0

VSM enhances the transparency of the material and
information flow within the value creation chain to identify
waste. Subsequently, an improved target state is defined in
value stream design. This optimization is aimed at shortening
lead time and facilitating a flow through production. [31]

14.0 leads to a connected manufacturing environment
where data can be transmitted in real-time. While applying
Auto-ID enables the instant localization of objects, big data
and data analytics facilitate the consolidation of information.
Consolidated key performance indicators enable decision
making based on facts. [26] By deploying human-computer
interaction (HCI) devices which allow to receive information,
trigger actions and control processes (e.g. tablet, smartphone,
and head mounted displays) information becomes remotely
retrievable for stakeholders. Machine performance, for
instance, can be analyzed by maintenance staff to reduce
downtime or used by managers to pursue process
optimization. Hereby, VSM 4.0 is a tool for daily operations
management. Machine learning and data analytics support the
creation of a value stream design. Target states are generated
automatically and validated before implementation. [29] This
approach supports a continuous improvement process.

The main benefit of VSM 4.0 is the improvement in
transparency through a real-time display of value streams.
This helps in identifying waste within production processes
and leads to a lean value creation. Besides, the effort to carry
out VSM is reduced and decisions are based on real-time data.

3.5. Total productive maintenance 4.0

Smart factories result in an increasing number of
maintenance objects. Additionally, their technical complexity
is rising and an unplanned breakdown results in high costs
[32, 33]. Hence, this paper focuses on the maintenance related
pillars of total productive management which is meanwhile
considered as a comprehensive management system.
Foremost, autonomous maintenance shifts responsibility and
authority for routine maintenance tasks from technicians to
operators. The resulting free capacity of maintenance experts
is tied to performing preventive maintenance measures
(planned maintenance). Moreover, shorter product lifecycles,
higher product variety and increasing product complexity
account for a rising amount of production start-ups.
Consequently, early equipment management refers to the
introduction of new products and aims at realizing short ramp-
up periods. [34, 35]

Several 14.0 tools support operators in taking on more
responsibility. Especially the combination of virtual
representation technologies like virtual reality (VR) and
augmented reality (AR) as well as head-mounted displays
facilitates training as well as maintenance instructions. [36]
As maintenance typically involves non-recurring and context-
sensitive activities, interaction with maintenance experts
becomes crucial. By displaying virtual elements operators can
be guided remotely [37]. Moreover, smart products and CM
technology allow for load, wear, and defects to be monitored
during machine operation. The early detection, isolation, and
identification of faults results in less downtime and prevention
of consequential damages. [38]

Based on cross-linked machines predictive analytics is a
helpful tool for planned maintenance as it allows to analyze
the correlation between condition parameters and the
probability of defaults. Unlike conventional CM, predictive
analytics uses complex algorithms to predict defects based on
large data sets (big data). Eventually, predictive analytics is
expected to scale up the accuracy of lifetime expectancy
prognosis. [39] Lucke et al. propose a smart maintenance
system to increase availability and to reduce maintenance
costs as well as energy consumption [32].

In early product and equipment management,
digitalization can contribute to eliminating media
discontinuity between the planning and design phases on the
one hand and the production phase on the other hand. Plug
and play allows the autonomous integration of a technical
system based on a modular design and a service-oriented
architecture. Thus, production plants can easily be adapted
and customized. The services are provided via standardized
interfaces and operate independently of hardware-specific
characteristics. [15, 40] Moreover, virtual commissioning
contributes to a fast start-up curve as digital twins allow a
realistic simulation of production plants. More precisely,
hardware-in-the-loop simulation enables testing of real PLC
code on real controls against a simulated plant model. [41, 42]

3.6. Single minute exchange of die 4.0

SMED aims at reducing downtime and cost caused by
setup processes. Increased flexibility through short setup
times facilitates the production of small lot sizes while
achieving short lead times and maintaining a low level of
stock. This becomes especially important as the amount of
product variants is evolving. [43]

Nyhuis et al. identify 14.0 technologies for information
transfer and provision as enablers for a lot size of one.
Nevertheless, they reject a general linkage between 14.0 and a
lot size of one based on the differentiation between digital and
physical setup activities. While 14.0 provides a considerable
potential for optimizing the former, physical setup times
generally remain. [24]

Apart from AR and plug and play, additive manufacturing
(AM) is expected to achieve the highest impact on setup time.
Because AM processes are not product-specific, varying
work-pieces can be produced with minimum setup times.
Times for selection, search and adjustment of tools and work-
pieces are omitted. Nevertheless, small adaptions, temperature
adjustments and cleaning operations will still incur. Hence,
Feldmann and Gorji argue that SMED can also be applied to
AM. However, as setup times are already technologically
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reduced to a minimum, the impact is expected to be rather
small. [44]

Overall, neither the methodological approach, nor the
philosophical principles are questioned through 14.0 [38]. As
a whole, SMED will remain of fundamental importance for
reducing the physical setup time.

3.7. Visual management 4.0

The purpose of VM is to enhance transparency. Thus,
deviations can be recognized at an early stage to implement
countermeasures accordingly. This is achieved by transferring
targets, standards, and specifications into a visual
representation. The importance of VM is rising as the amount
of available data increases. Methods for implementing VM
are 5S, zoning and andon. [45]

5S is a systematic approach to organize the workplace and
aims at improving clarity through keeping the workspace
clean and arranging tools in a reasonable way. Hence, waste is
eliminated on workplace level. Auto-ID and AR can assist in
carrying out 5S more efficiently. RFID ensures the
identification and the localization of objects which reduces
search time. [27] Moreover, RFID tags can store instructions
for cleaning tools and objects appropriately. Applying AR
may replace physical shadow boards, as virtual elements
guide operators where to place tools. Moreover, integrating
gamification through AR might motivate personnel by gaining
credits for cleaning or placing tools correctly. [46]

Zoning allows marking destinations by using visual
means. This includes paths, manufacturing cells, and
departments. A company-wide utilization of colors increases
the information value. [45] Zoning implies several drawbacks.
Firstly, signs and tapes must be adjusted physically. Secondly,
this concept is not suitable for flexible navigation. HCI and
AR help to overcome this lacking flexibility. Building upon
Koch et al., Neges et al. describe a system for navigation by
means of AR which is based on natural markers like warning
signs [47, 48]. Alternatively, RFID can be used for indoor
navigation, however, compared to Wi-Fi or Bluetooth, it is
not commonly installed on smartphones and tablets. [49]

Andon is applied for visualizing status and disruptions in
production and thus supports the lean principle jidoka.
Additionally, andon boards display actual and target values to
reveal deviations. [45] Unlike traditional andon lamps HCI
devices like tablets, smartphones, head-mounted displays and
smart watches enable a targeted notification for users. Hence,
notifications are displayed in real-time regardless of the
distance between operator and machine. Smart watches allow
to assess the need for action with a glance at the operator’s
wrist [19, 23].

For digital andon boards, several suppliers provide
solutions to visualize complex data and processes in real-time.
Examples of relevant data are machine condition, production
progress, order status and capacity utilization. Retrieving this
information from mobile devices supports a location-
independent access and use.

3.8. Poka-yoke 4.0
Poka-yoke describes mechanisms that help operators to

avoid mistakes. Hence, it fosters the detection and elimination
of abnormal conditions to prevent defective products from

leaving the process. This is especially important in industries
with a wide variety of products. Poka-yoke is either realized
by generating forced sequences or by reviewing the process
during its execution and stoppage in the event of errors. [50]

Auto-ID ensures the correct identification and assignment.
A digital product memory allows to request required
components and helps to identify incorrect deliveries. This
prevents adding value to defective parts. [23] By using smart
sensors and machine leaming, machines can automatically
adjust to irregularities to ensure optimal product quality. [S1]
Eventually, AR and head-mounted displays, as well as RFID-
readers can be used to achieve zero-error picking. [52, 53]
Despite the fact that strictly speaking CM is not a test method,
Lettau describes the use of CM measurement technology for
the end-of-line-test of electric drives production. [54]

4. Use case: CM and cloud computing in TPM

Currently, automation and mobility are popular examples
which highlight the growing importance of electric drives. As
the electric drives production is facing a rising cost pressure,
ensuring high availability is of key importance. Various
authors have examined the use of CM to reduce downtime.
Examples include both thermo crimping [55] and ultrasonic
crimping [56]. The following sections outline how CM and
cloud computing contribute to facilitating maintenance of a
sheet metal stamping press. In the electric drives production,
stamped sheets are subsequently stacked and packetized to
build the laminated core. While laser cutting is limited to
small batches due to high energy costs, stamping is the
preferred technology in series production. [57]

By default, stamping machines are equipped with sensors
to capture the overall machine condition. This includes:

measurement of rpm of the main drive,

measurement of cutting pressure (current vs. maximum),
identification of the used tools, and

number of stamped sheets (actual vs. target).

As tooling costs for stamping are on a high level, machine
downtime is critical. In theory, the acquired data allows
avoiding scrap and tool damage. In the presented case of an
industrial partner, however, sensor data has so far only been
stored in local Microsoft Access or Microsoft Excel
databases. Until now, no information about machine data is
exchanged between departments.

The aim is to reduce downtime and predict imminent
machine or tool damage. This leads to improved quality and
reduced scrap or rework. As machine data is currently not
visualized, the intention is to create data transparency for
operators as well as maintenance experts on-site (gemba
principle).

By applying a CM system, acquired sensor data is
transmitted to and consolidated in a central database. The app
fleet manager runs on the Siemens industrial cloud and allows
the analysis of sensor data based on historical data and
statistics. A graphical user interface (GUI) visualizes sensor
data on mobile devices. The basic architecture of the CM
system is shown in Fig. 2, whereas Fig. 3 illustrates the real
control panel in front of the stamping machine. By visualizing
machine parameters transparency for the operator is
significantly enhanced. As a result of measuring the stamping
force, tool wear is monitored. Warning notifications are
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created when critical thresholds are exceeded. Hence, the
probability of machine damage is reduced. As data is stored in
a central cloud, information can be forwarded to other
departments. While spare parts management can prepare
replacements in a timely manner, detailed planning benefits as
maintenance activities can be scheduled dynamically.

Data ! H Stampi
acquisition Y amping
. machine
! ! sensor data

Data stream Industrial cloud

processing and Database

evaluation
]
4 |7 \:')uuﬁ :‘/ Predicted tool
: F\.. : exchange point Graphical
Data On Og' O rredicied user interface
visualization A4 Measured

Fig. 2. Basic architecture of the CM system

Fig. 3. GUI and stamping machine at Siemens AG (courtesy of Siemens AG)

5. Outlook: Digital twin enables dynamic VSM

Beyond the elaborated use case in section 4, another
promising, not yet implemented conception is the integration
of a digital twin to improve VSM. As an example, the
software Siemens Plant Simulation digitally supports VSM
while reducing required efforts. Beyond analyzing the current
situation, the software provides recommendations for process
optimization in form of a value stream design. However, this
approach still lacks the implication of dynamic factors.
Hence, it must be refined in the age of digitalization. [58, 59]

The integration of a digital twin replicating the whole
manufacturing system is promising as it links the existing
system in real-time to a digital reflection. In tum, this
reflection can be used to build a value stream map based on
real-time information instead of using stochastic models. This
allows to overcome the static character of VSM as dynamic
changes are considered. The model could refresh in an event-
driven way, e.g. based on CM data (see section 4). Hence,
detailed planning becomes more predictable and reliable.

6. Discussion

The success of introducing 14.0 technologies depends on
several factors including usability, selective provision of
information, acceptance of users, consideration of ethical,
legal and social impacts and profitability. Hence, the use of

14.0 tools should be well-considered and gauged against
process improvements. [25]

Besides, the presented lean methods 4.0 (see section 3)
should not be seen as single tools for cost reduction. If 14.0
tools are implemented as stand-alone solutions, they might
offer an additional value compared to status quo. However,
the integration in an overall concept will be missed [60].
Similar to LM, lean 4.0 requires the implementation of a
philosophy that aims at perfection in all daily activities by
considering benefits from 14.0 tools [61].

7. Summary

This paper outlines various perspectives of a conjunction
between LM and 14.0. In summary, the authors conclude that
LM and 14.0 supplement each other on a conceptual level.
Building on this perception, this paper outlines how various
14.0 tools can support eight lean methods. The findings reveal
that applying 14.0 tools can assist in realizing the persecution
of lean targets. A matrix visualizes which 14.0 tools support
the analyzed lean methods in a condensed way.

A use case exemplifies how CM and cloud computing
contribute to enhancing TPM for a sheet metal stamping press
in the electric drives production. Additionally, an outlook
further sketches how digital twins contribute to overcoming
the static character of VSM.

Beyond the technical challenges future research should
concentrate on how to implement lean 4.0 as a holistic
concept. One key area is the integration of employees to avoid
replicating failures from the introduction of computer-
integrated manufacturing. Moreover, trade-offs and goal
conflicts provide a promising avenue for future research.
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